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SYLLABUS
HYDRAULICS AND PNEUMATICS

LT P
5 1 2
blems of fluid and use of hydraulics

knowledge and skills about fluid
tems are required to be imparted

Rationale: Diploma holders in this course are required to deal with pro
and pneumatics in power generation. For this purpose,
mechanics and machinery, hydraulics and pneumatics sys
for enabling them to perform above functions.

Learhing Outcomes

After undergoing the subject, the students will be able to:

. Explainl'h:idpmpetﬁes.meirunitsendconversion.

o Measure diffarent types of pressures.

e Maintaln different types of pressure gauges.

. Cﬂaﬂabﬂowandmofvariousﬁquids.

Apply Bermoulii's theorem for calculating pipe diameter and height O
. delatepipefﬁchonandiossesmmlmes

. Spodf!'hydraulicmadﬁtmfordiﬁemntappﬁﬁﬁons.

© ApptyPascd'slawmpmcticalappﬁmﬁms.
. Explainthoﬁmcﬁonsofvariouscompmentsu
. MaintainhydrauiicandpneumaﬁCsystem.

f pipe from ground.

sed in hydraulic and pneumatic system.

SUGGESJTED DISTRIBUTION OF MARKS
S. No. Topics Time Allotted Marks Allotted

(Periods) (%)
1. Introduction 06 08
2. Pressure and its Measurement 07 10
3 Flow of Fluids 09 12
4. Flow through Pipes 10 15
5. Hydraulic System 05 08
6. Water Turbines and Pumps 14 20

7. Introduction to Oil Power Hydraulics and
Pneumatics 05 07
8. Components of Hydraulic Systems 06 08
9. Components of Pneumatic Systems 08 12

o

Total 70 100
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DETAILED CONTENTS
. Introduction (06 Periods)

Fluid, types of fluid; properties of fluid viz mass density, weight density (specific weight), specific volume,

caplllarity, specific gravity, viscosity, compressibility, surface tension, kinematic viscosity and dynamic
viscosity and their units.

. Pressure and its Measurement

2.1 Concept of pressure (Atmospheric Pressure, gauge pressure, absolute pressure).

2.2 Pressure measuring devices: piezometer tube manometers—simple U-tube, differential single
column, inverted U-tube, micromanometer including simple problems.

2.3 Bourdon pressure gauge, Diaphragm pressure gauge, dead weight pressure gauge.
. Flow of Fluids

(07 Periods)

surge tank (concept only).

4.2 Loss of head in pipes due to sudden enlargement, sudden contraction, obstruction on flow path,
change of direction and pipe fittings (without -

. Hydraulic System

Description, operation and application of hydraulic systems—hydraulic ram, hydraulic jack, hydraulic
brake, hydraulic accumulator, hydraulic door closer, hydraulic press.

. Water Turbines and Pumps

6.2 Concept of hydraulic pump, sin
vane, screw and gear pumps.

6.3 Construction, working and operation of centrifugal pump. Performance. efficiencies and
specifications of a centrifugal pump, pitting, cavitation, priming.

. Introduction to Oll Power Hydraulics and Pneumatics

gle acting reciprocating pump (construction and operation only),

(0S Periods)
7.1 Introduction to oil power hydraulic and pneumatic system
7.2 Statement of Pascal law and its applications
7.3 Industrial applications of oil power hydraulic and pneumatic system
- Components of Hydraulic Systems (06 Periods)

8.1 Basic components of hydraulic system, function of each component in a hydraulic circuit.
8.2 Oll reservoirs, couplings, motors and pumps—definition and functions of the parts,
8.3 Filters—definition and purpose, classification

8.4 Seals and packing- classification of seals, sealing materials.
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9. Components of Pneumatic Systems (08 Periods)
9.1 Basic oompomnts—-funcﬁon of each component.
9.2 Air ootnprusom——lnnoducﬁon.
ng, double acting, rotating, non-rotating, piston type,

diaphragm type. tanden cylinder, double ended cylinder, duplex cylinder.

9.4 Air filter, regulator and lubricator—their necessity in pneumatic circuit.
9.5 Instaliation, maintenance and application of air cylinders.

(ii) Single and double column manometer
Towunuvahnofmofmfmavenmﬁmeter.

; Mmmdammwmma

_ To study a single stage centrifugal pump for constructional details and its operation to find out its
normal head and discharge.

Direct operation of single and double acting cyfinder.

10. Automatic operation of double acting cylinder in single cycle using limit switch.

11. Operation of double acting cyfinder with quick exhaust wall.
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' ;/,.\;1. wftay ( Introduction)

(2 31@ AN ITH WA (Pressure and its Measurement)
Y/ T F ¥EE (Flow of Fluids)
47 I A 79T (Flow Through Pipes)

5. 14 %™ (Hydraulic System)

./D} ST AT 991 gy (Water Turbines and Pumps)
M

7. O gk e Ao e yonferr @ =g
(Introduction to Oil Power Hydraulic and Pneumatic Systems)

sfash womet % 3= (Components of Hydraulic System)

AT WS % 3yaag (Components of Pneumatic Systems)
o TAMEE-F (Practicals)

e U¥-UH (Paper)
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1-27
28-66
67-123
124-169
170-183

184-223

224-235
236-253
254-269

270-304






1 u=g
M (Introduction)

§ 1.1. 3@ $=itt4a<t (Hydraulics) :

59 TSI S Sieh s & EEURE::] (Hydraulics) %zd ¥ St Wi wee “Hudour” & a1 &)

Hudouraﬂ&‘l?f%——ﬁlSﬂmﬁﬁmﬁaﬁﬁqmqﬁﬁﬁﬁ%mmm%—

"wmﬁﬁﬁ-ﬁmaﬁwmtmmuﬁaﬁﬁ?mnﬁrmi
HIRR H Nemw fowan s 21

AR T e, nammﬁmmﬁmamﬁ&mnmtw
“Itis the Branch of Engineerin

g Science, which deals with waler (at rest or in motion). The subject
Hydraulic machines may be defined as the branch of Engineering Scie,

nce which deals with the machines
run by water undersome head or raisin g the water to higher levels.”

§ 1.2. W19 we 3w fafis wg.
T4 3N T H T ¥ o
A RN T T o = A

wﬁ%m@'ﬁ:ﬁamgﬂwﬁé\aw AoTfaeh
attraction) & 3T R 931d = w0 N favyes =
(1) 29 (Solid), (2) g3 (Li

qﬁwagmaﬁ&ﬁmmm%,mmgﬁsmm

YT T (Intermolecular force of
Tl 8—

quid), T (3) W AW AN (Gas and Vapours)



7 e wm A ISR

teﬁﬁmmamﬁmnﬁﬂamﬁuﬂm
7o g T A T w1 wwd

fred 7z € fF 39 3 19 el F 0§ T wWEG T8
aR kAT A wH A

§ 1.3, 7E7 N gEAT F IAGR W Y &F T
aﬁﬂmmm%mwwwﬁﬂﬁqawﬁﬁmﬁmmm%—

1. 39 (Solids), T

2. A (Fluids)

3 ved wE 3 A T T, T MR W IR AR
mwﬂa%ﬁaﬁaﬂmwﬁ%lmmﬂaﬁmﬁ,wam

3 fix 3 forg T A W I T I F AFR

TFY 9 IaY FEd ¢
g sm 2

§ 1.4. 37 G4 (Fluids) :
qa"mwmﬁ”aﬁﬁqmqﬁmﬁafmmm%—
"mamtﬁuﬁﬂmw&ﬁmmmﬁzﬂmm&mmmm

Froa 1
HeE

‘“are & gETd & Wt a1@ HAA &ell (Shearing force
“A fluid is a substance which is capable of flowing, confirms (0 the shape of the co
and deforms continuously when subjected 1o external shearing force.”

§ 1.5. TTEN a1 TTETUT (Classification of Fluids) :
wgﬁmrﬁ'ma?ﬁfaélﬁﬁm.aa'ﬁiﬁmmm%—
(.) Tefieadi (Compressibility) F A W
(2) 29 (Liquid)
(b) #4 a7 ar (Gases and Vapours)
(2) dafas am el A T
(a) #ed T (Ideal Fluids)
(b) =AEEIfE aa (Practical Fluids)
(3) & Sfaae F o I fawqo F T (Rate of Shear Strain) & 3R W
(a) ﬂ[ﬂﬁﬂﬂ At (Newtonian Fluids)
(h) A =RIfAEq A (Non-Newtonian Fluids)

)tmﬁmﬁaﬁaﬁ%Mtl”

ntaining vessel



(c) =M T (Plastic Fluids)
(d) 3Y TS (Ideal Fluids)
(e) @™ (Dilatent Fluids)
1. Wuftew & amam W o we @ R F I E—

(a) T9—3 . srpdten @ AR &) T AR ¥ T AW W T € AW T W AT
fadt # %9 v vz 2

(b)ﬁwm—ﬁmﬁmﬂaﬁtrﬁmvhmwmimﬁwm
fEd @ sy vz 2

2. 3R aw AR AW W ad w2 vEE F o E—

(a) mvfmudealnuid)—mmmaﬁrmh‘lmfwa’twhma;farmhag
wfg g TE Hw

TR A T T wHA ¢ 3R A A (Non-viscos) B B

(b) AR AT (Real Fluid)—3 T & 5t a3 fop b %0 ¥ e ¥ ¥9 7 39
mmmmﬁlﬁmmm%mﬁﬁquaﬁm*wﬁsﬁtl

3.muﬁmﬂ:mmmu‘la(huo¢mfomﬂm)tmua@'aﬂﬁq
YR T feran s & —

(a) Wﬁ‘l‘-‘ A& (Newtonian Fluids)—2 3 &1a € = A F WA e (Viscosity

equation) [r=p%] 1 P §9 R 9 F0 ¥ 78 vER F WS F o v (Viscosity)
W H A fem R F W sfad wa FETTTA—A, A, ag e
(b) I-fT T (Non-Newtonian Fluids)—3 3 77 # 23 & WHG T
qofa; Wqﬁmﬁaﬂfqttp%
Emﬁr%ﬁmummmﬂﬂ%mmt:m:ﬁﬁam%m.
e e, @R et

(c) WS T (Plastic Fluids)—eRes et 7 R /A T ¥ qw T o
m%mmqnwmmﬁmtn

TH AR¥ wfR® T (An Ideal Plastic Fluid)—ffea wova sfies @ ¢ @

mmwmaﬂtmuﬁm&mwﬁmmmmmmm
& & fo

T=T,+ | [E:_\.:]”

JEAAT—E a9 g & e N g




4 wEm A FwEE g

us wyEReius qe (Thyxo-
tropic Substance) 3 WA T W TH
fifema wva wwe & wear wad
Weew i faem S W F W&
@ =™ T8 W [Ehd—
= 39, i 1 3% iRl
(d) Y TEA—A T I TN I
;M ¥ s T F fou w4 vl
= g
IEE Ot e @ fEE 1] ® waa wfaes-
faeun § T | W Wm0 Y
TR (= 0) N S FW W I QoI A=
3 F Tahn sy W REm T &

m‘:ﬁ?ﬁu——-
bo— vy wfrae —f

§ 1.6, a7 AAS! @ 9@ (Branches of Fluid Mechanics) :

v el 1 A T A (Fluid Mechanics) 791 58 fafiw wrEnadi & faFa S 81w
s T faar = v e & fa sie-a F e e TEA S § Ik FIEH
&1 sy fem s &1

“Fluid Mechanics is the branch of engineering science which deals with the behavior of fluid under

the condition of rest and motion -

&z %% =1 § g9 7 A 3 IS (Incompressible) T @ A H S
Toiteg Frvel g T A Ay AR F s A (Preumatics) 18- et (Gas Mechanics) &
mmtumaﬁmmﬁfﬂamﬁﬂmaﬁqmaﬁmﬁ%—

:I_ e Tt
1 (Fiuid mechanics)

Y

Y

—
7a af=#
(H ,'dro-mechanlcs
77 wafaFl 71 71 Tfaw 7a e
(Hydro-stat'cs) (Hydrokmamahcs ydrc -dynamics)

(=] f ==




=g §
Freg 17 ¥ Tt = 2w ¥ s T —

1. ﬁﬁm‘l(Pncumaucs)mﬂnmﬁaﬂ%mﬁmm%mmmfﬁmmﬁlm
@ ELE T (Aerostatics), a1g Tferant (Aerodynamics) A1 g Tifeat (Gas Dynamics)
anfe 2

2. 30 QR = A W (nfrE A owrEns F s w A) 7o
(a) ¥ TR} (Hydrostatics) % ¥=ria &9 a7at AR % fogr=i & 9w T T4 % FTER

1, % WA (Relative) 71 Feda (Absolute) FisR sraremait & v=ffradt &l & 3wim 7.
T FT ¢

(b)'ﬂlm‘lﬁmﬁ(HydroKinematics)%mﬁﬁﬁﬁﬁ%aﬂﬁm%ﬂmﬁ%
wmwmmmﬁm%mmm?ﬁﬁwwﬁmﬂ%
TR H AT T = E

(¢) =& Wfq& (Hydrodynamics) ¥ sr=rfd 77 7% 1 23 F YA, 3, I W 7 T 79, =0

(Acceleration) 31f< =1 7tet A=t & faar=ll % 319 w7 3=AfrA F14l 3 37am 2 3T
F 2
§ 1.7. 9T & TOT (Properties of Fluid) :
éﬂamwﬁﬁmm%ﬁﬁw'ﬁﬁﬂﬁﬁﬁ”mz T 8 FEta ?) R e w
F9 W@ T ffafag
- ¥I9] (Density, Mass Density or Specific Mass)
. Imifern (fafere) wm a1 o T (s
. Imifee (fafore) o a1 amifas
. gEEH (Cohesion)
. AT (Adhesion)
- YAEAT (Viscosity) 9T Wfafidrg ¥HAT (Kinematic Viscosity)
. T 9 a1 YS q91F (Surface Tension)
. &y famar wE Hfyrea (Capillary Action or Capillarity)
. U@ UF Ay | (Pressure and Vapour Pressure)

Rieon)| (Compressibility) T 3@ Ui (Bulk Modulus)
. Imifge (fafere) smoaw (Specific Volume)

12, I A9 T@ W AW (Etfect of Tempe
L7.1. 99 @ amifess Wfd (Density, Mass Density or Specific Mass)
ﬁm‘tm&:mms&wmm)uﬁmmmtl

“The densin: of a liquid is the mass

pecitic Weight or Weight density)
B (Specific Density or Specific Gravity)

=T NS B - L TR “S FER 16 T

f—
i

rature and Pressuse)

per unit volume at standard temperature und pressure.



6 e aw FEdm getE
ﬁpmmmtnwm.ﬂMmﬁ M W W T VR,

T A
E H A=
A H AT
- _M
=Y
2
(stmﬁ)mpﬂmfﬂlnithk—g% o E‘%C—
m- m
(SI arF® ®) w7 p Ft @ (Uni kg Nsec! -
p (Unit) = _m_3 a ——r-nr-
#—mmm,m&mﬁum%qﬁaﬁ%mw%l
wmﬁtmml.lﬁﬁ'&@h
|t 1.1
™ A °C e p kg/m’
= 5 15 999
F'aa 4 1.000
R - 15 1,020
— 15 13,558
firgt =1 3 15 790 ¥ 820
] 15 630 ¥ 780
m 15 790
yaferam 20 790 & 1,000
frer (1 1) 0 ene

1.7.2. Ffgs W A AT T (Specific Weight or Weight Density)
e (fafe) W A1 9 A Fed Bl

fedt T F THE AT F A H
“The weight density is defined as the we

mmmgmmmmmtu #d: FHE
weffa #a

pressure.”

7g 3@ AT F
srae w38 s w @
afe @ & v I wiet AEa F O W kg

ammm(ﬁﬁl!m),‘uz

760mmWUEﬁW4°CWWEﬁ
w = 1000 kg, /m’ = 9.81 x 1000 N

V

Unit: kg/m’ 71 N/m® -

ight per unit volume at the standard tempe

7 WA a @,

& AfaE T

/m® = 9.81 kN/m’

(1)

rature and

T ae fa T

..(i1)




W=z 7

U aw Imifigw wr ¥
™ I ¥y

W =mg
qa wl=pVxg (-.w:zmp:ﬁﬂJ
4 14

mmmtﬁmnmaﬁrmmwmﬁmm%mmuﬁmmn
tmwmmmmtmﬁ:ﬂwtmwmmmmmtu

1.7.3. smifygs (fafore) o o1 amifus T% (Specific Density o Specific Gravity)

TH & 99/ A9 U9 9F (Standard Substance) % W™ ¥ UM (Ratio) H 7T =7
mmmtnmmﬁimtaﬁmqﬂmmm%mmt
mn’ttﬁaﬂmmm&l‘mmmtl

“Specific gravity is the ratio of the specific weight of the liquid to the specific weight of the
standard fluid.”

ﬁtfﬁqmmvcwmwwi‘rdf%fmmc T FT-TR- TS Wed A @

Fﬁ@maﬁmm%mﬁhmm%ﬁﬁwwm%ms«&ﬁﬂﬁéﬁféﬂﬁz‘rﬁhsﬁ
'S A | FQ ¥ W TR,

B S T o G W py (V)
L T oo PCRIE T WA p

Wea

| & (3F) 1 3Nfas 9R
g &, F IMfarh o = et .
o #C RIS T N AR Wy, o

VS I 1 AN w9 = 1.0
TR 1 IfEF T = 13.6
Wﬁmmmaﬁwmmmwmmwéﬁm

FEW LL 4m’ 3 28t ¥ A 37 e o ) 58 FFW WR 31392N ¥ 7@ & i
SR, e IR Imif Hifwd)

T—fem 2, 9 R FA R, W=31392 N
T W FA I, V=4 m?

(i) ¥ W IE WL, = 1 - 31392N

3

= 7848 N/m*

} 4
(11) 88 & 9™ p-l‘—=%%?=800Nsec’-hn“ I
g ¢
Tq H M
(1ii) mmaﬁﬁmmﬁ; i -Eﬁﬂ.s ELEd
W TRocc] T T 1 Smifer® w9810

e e80T e R ————




§ g AW IEEE FSAE

mllwmm(qundﬁmvemnﬁwm ey 7w U WG §1 TR W WR
@ SifaR IR A6 H =AW 7 cm g T w amifgE wwE 13.6 wifa)

w— g,
aF W W™ =T cm
Wﬁﬁ?ﬂﬁfﬁ:lﬁcm

I W W AT = %(7)2x 16 = 616 cm®

T 616 x 10° m*

@H':%ﬂ—

Fa:, TR w1 YR = YR & ANEE R x GG

3“"1 W=wxV

Kl w=(uﬁmaﬁﬁﬁmxvﬁ1maﬁfman
oq @1 WV,

qF = 9, W= 13.6 x 1000 x 616 X 1076

= 8377 kg, & 8.377 x 981 N
I

z:m!m1.3.aw:umammmmm&fuﬁmmaﬁmmM(smciﬁcmass)
1112 N sec’/m* &1
@z €, - = ¥, p = 1112 N secm®
zamm&fimm,w:pxg=1|12x9.31=10908.7N/m3
. za & ANfES W
zq & ANES T4 = 2
% 5 F ANEH W
_ 109087 _ 412 —
9.81x1000
mml.4.o.4mxo.4masrzm=ﬂu;a;z‘uﬂﬁ1matmiamaﬂiaﬁmalaﬁm:mogo
osmamz’uﬂﬁ‘ﬂiaammmmﬁﬁu
FA—fza e— A FFE A =04mx04m
FmF FIE=1m
ﬁaﬂﬂoﬂo-——ﬂ.g
74 § W T & 9= 9a Fl Ao
z‘-cs“n‘a'q‘t%ramm=(0,8x1000xg;x(u.4x0.4x1)
= 1255.68 N

g x d@ @&l A (W=w-V 8)

Fal



=g 9

T 1.5. 0.9 g o (smifares Tom) At 36 B 20 litre F WEf 7T Ao e
& 9= 1000 kg/m® wifrd,
TE—fem 2— a1 F AT, V= 20 litre
Hlo T&A, w=0.9
LEEIRCE|
TR T e
[ 71 v = e e e x % e
= 0.9 x 1000 = 900 kg/m®
1 litre = 1000 cm’

%amwﬁf&mma:

20 litre = 20 x 1000 cm® = 5_‘0 o’
1%;:11-%’ ﬁaﬁgﬁm;ﬁﬁﬁ%ﬁf:‘)ﬂﬂkg

1 g |
—m = — x900=18
SOm Hefa ‘50)‘ kg

1.7.4. WESH (Cohesion)

%mm%m%ﬁﬁm@am%ﬂmw-@iaﬁ AHET FW@ T F
P WA FT T A Te TG @ qwfq 7@ W A Fred ww (@) & ww §
AIfEEh AFHUT (Molecular Attraction) T TEA R, WEEH HEeTA § ol ww il s

mﬁaﬁhm%mmﬁm-{maﬁmmtm(Cohesive)m
HESTAT 81 '

“Cohesion means intermolecular attraction b
attraction force by which the particles attract eac

1.7.5. AMESH (Adhesion)

wwmmw%ﬁwmamm%m,mmmmmm
m%mmﬁﬁu&mmtmmﬁamt\

"Adhesion means attraction betwe
and a fluid. "

2 fafim ard amhmaam.mam#w#umagmmmaamﬂém
:mwr‘q‘aﬁﬁaiﬁ‘a%amtﬁu\uhessimwmﬁlm?ﬁmmvﬁﬁaﬂﬁaﬁfmﬁh
& fobg W T Ferean s o a

hmaﬁﬂ%mﬁmmaﬂaﬁ%mﬁnﬁw
m%mﬁammm%ﬁhuﬁ%m%awﬁﬁwﬁaﬁaﬁm%n

etween molecules of the same liquid. The molecular
h other is called cohesi ve force. "

en the molecules of two dissimilar fluid or molecules of a solid

T& WA (Layer) 1 TWA Hag W fHaert

l‘fﬁlﬁaﬁmtauﬁmaﬁmmmtmﬁaﬁﬁgameﬁmmmaﬁaﬁm




10 Tiu o waEw R

p— . 8 B B A{R R L

wm
“Viscosity is the property of a liguid which resists the flow of one layer of liquid ov.r another layer.

W T (Less Viscous Fluids) srftrs woe R

Ay a3 b
WQ“FWW(M)mnﬂﬂMMtWWﬂEWﬁm
tmﬂatwnmtdnmmnﬂﬂtuﬁmnwﬁ%mmmtl
mﬂmimw'ﬂﬁﬁmﬁtdmwmﬁmmqﬁﬁmm W aga ¥

2 TR W T ARE TS WA W

e =i T s 12 % FFER T 90 W v 8 T
hmﬂ‘@'(ﬂwﬁﬁﬁﬁﬁ{ﬂiﬂﬁﬁﬂﬁ,
mvm(nm,adtamh'dv'tm;amﬂf
%mwmmwmhwmmﬁ%ﬁmﬁ
mmwﬂﬁtmmmt‘nﬁﬂmﬁm VEpE—
awﬁmwﬂahdwmmtlwtﬁuﬁlﬂ, y
ﬁ!mui(ﬁyi“hﬁﬁﬂut

Tyl I
v+av foraett 9@

e—dv

H:—...la.‘__

V—e

uqdlhtums&ama'f (Tau, T5) & @ faw 12
wa
‘[“‘3
- Yitiv]<) T
@ L/‘rzp% = £ shere g q...(vi)
A—
W p (F, Mu) = wmﬁmﬁtmmmw (Coefficient of Dynamic

Viscosity) W ¥ara (Viscosity) wgenar £
_ wda faael # T s e Fe (Velocity Gradient) 21

am, &
wfimTor’ (Newton’s Viscosity Equation) e ¢l

Tqirga @ (vi) § A W A
@ = (vi) 9,
u ..(vii)

" (i)
mmmﬁ‘ﬁﬂﬁdﬂumﬁthmmm'm

o s faa 1 @A &1 @ (Viscosity) H garéail (Units)—S1 womeft &
- & . dETE aagt’
T = )~ D i

g




=g 11

9 x 99 _qquﬁo _N-s
- ({ﬂ)z = ('Iﬂ)z m2

, o x Ro kg, x sec
MK.S. = =
K.S. yorsft % s —
CG.S. womeft #—C.G.S. Ymeh ¥ varen =) 7 =1 wF W (Poise) H FEd )
Qo
34: 1 91%H (Poise) = 1 3:;;)2
- l. N.sec - L kg!"scc ﬁ
P 1 ofzg = R — 3 (MKS %)

%A % fou—

i % fera— “_bﬁ

ﬁmmﬁHMMWWMﬁﬁﬁmmhﬁmﬂmaﬁmhmw T
ﬁmﬁgﬁmmﬁmhwmwm et



12 R AW aEEE gt

@ v, (F Nu) A =¥ Q@ ¢ ™ =R,
\/\/""raﬁﬁﬁ"ll (& ) wran T # v (dynamic viscosity of fluid)

(Kinematic viscosity) el & W31 S (density of fluid)
m A= ..E
p
v 3 78 C.G.S. Wit ¥ =%’ (Stoke) Feedl & T YN,
| B =1 (OGS woreh )
SeC
=10+ ™ (MKS woreh #)
seC
vA@EE R MR EE, v= L F,
p
A x Ao

@ Ro L i !
= Il m*/sec

.q',F
" M = xg"_z " $xm(mﬁ) ~ o
()’
S| Fm MKS Yomelt S—v =1 397 @20, @l 1 m¥sec = 10* st = 109 cst.
mmm—:ﬁaﬁ?m%m%mfaﬁamﬂ:w (Viscometer) 1 ST
manmgaaﬁaa(saywnfawﬁuaa.mmngmﬁamawﬁmélwﬁﬁﬁm
nfie ¥ (Kinematic Viscosity), v F75 y@r §—
o FE—0.85 x 10° m’/s
_/‘I'Ffl—l x 1076 m%/s
< i mA—1200 x 10°° m%/s
# mawr: 9@ @ G2 wa ¢ foet yara wa 0011 aar 0.021

ZZTETo 1.6, 3 U | aaet . '
mmmzlu0ﬂtluﬁdﬁﬁmmﬁﬁmmmaﬁmﬁmw

@ @ 9% @l B & A9g @ g w1
W—ﬂﬂ?hﬁmﬂﬂm(@ﬂﬁ)méﬁaﬂmﬁﬁ?ﬁ?l 34 @l g9 & 959

=l qo

<o @ ¢ A wm AR 9a F afadr
= T @l @ A m A g # i e
G R i AG R 0011 _ 44
" o # wEAA/igE # e 0.021/0.84
m:m%aﬁﬁﬁﬁﬁaaﬂ@mmo.awmm| I

= RS .




g 13

G 1.7. U YT 10 cm x 2.5 cm & TF GV R 10 THA (Poise) VAT AR 2 28 4 mm G

TR U ST WA T TGN 41 A AT G 0.6 misec @ T A womn § A qwr wemd F e
wfete grm?

F:“gv-XA
dy
8l 7SI vefa ¥ vy W,

10 06
s mw Fo 10 x (0.10 x 0.025)
ad 10 0.008 <"

F=0375N I

mml.s.qaimmm&f‘ammzmcwo.sommmmzsﬁmtl O T
AT HT WX I F&=@ Pas ¥ 7 @i

(UP 2004)
%9 & 99
TE— 59 F AMfEF e =
4°C W I 94 #1 999
3 F TS
0.8 =
1000
59 1 FTFH = 0.8 x 1000 = 800 kg/m?
59 & THE HATT H AR = 9.81 x T H T = 9.8] x 800
= 7848 kg/m’ = 78480 N/m?
3 S F A = T WA x 29 1 99
afe T A = 2.3 TR o 2.3 x 107 m%/sec
53 H WA = 2.3 x 10 x 800 E-—-x—lf%
SeC m’
= 184 x 107> k&m | sec
sec” m~
=184 x 103 N S?C = 1.84 x 1072 Pa.sec T
-
STEIT 1.9, T&H 0.1 m? &1 T TR B, wﬁo.nzcmﬁwwfmahwﬁz%mo.z
m/sec Ft T ¥ Wit it @ aﬁuﬁz?%mm‘iwt, et vamar 0.001 N-§/m? A
a:‘rm&lmﬁi: AVTE: T E Vi J efed YS02msle—  yopopmy
T2 fam | 3 Y
fem @—p = 0.001, v = 0.2 m, dv =0.02 cry = 0.0002, T Yo
A=0.1m? ng e
Jem
i Velocity profile
mmﬁ%hrzllﬂziﬁl l
‘h. _! 77 it gt rirn r p v TR X
- (0]
fax 13




14 T4 7@ TET geE
v
mm.r:uz..aﬁﬂnmim. (qw@ ¥A 1 ¥ @ W)

F=0000] X —22—x01 =01 N
0.0002

STaws Wis (Power) = F - dv=0.1x0.2
= 002 Nm/sec T TR

mx.lmwﬂmuﬂzﬁo.os.nmﬁ{ﬂﬂwuiz1.zm/sectirrﬁmwtm
Whﬁ“‘@iﬁﬂuw’tmﬂWMh@ﬁtmmaﬁm

I

A St
T@-e
m__ﬁmt_ { v=1.2m/s—
"TQ'»‘-'@Z 1 37, v= 1.2 m/sec dy = 0.05 mm —
A ¥ 9= T8, dy = 0.05 mm 1 |
_ 3 WWWW
=005x10 m feor 2
o9 @ W 79, F=22Nm’=1 Ao 14
maRtiE '
a4 Weed, 1= p-gi
dy
‘N‘i. hﬁm.dv=v-0=l.2—0=l.2mlsec
22=pux 12
0.05x107
3T

u=9.16 x 107 N.s/m* = 9.16 10~ poise

e 111 0.6 m® FTGE AT TH FE, mﬂwtaﬂwua&q«wmwﬁ
& 30T 036 misec & ¥ A WE W T mmﬂztml.smmﬁa,waﬁww
gt =it & mﬂmmmuﬁu&zmmmnm
w—fem — @z T AFA, A = 0.6 m’
<z F1 T, W=280N
@z &, a7, v =0.36 m/sec

fpe &1 e, 1 =dy = 1.8 mm
—18x107m

a9ae & A{fEN N W &1 2% = Wsin 0
= 280 sin 30° = 140 Newton

@z 7 aeft W Fd7 7, F= 140N

Fon 41 sfaa, 1= % . %‘g = 233,33 N/m?




dv
T 9 T“pdy
E ] dv='a'ﬂﬁqﬂ'dﬂ?=v-0=0.36m/sec
dy=t=18x107m
0.36
1.8x107

-3
- 2333x18x107 0
0.36

= 11.66 poise I

23333 = ux

n

O 112, 0 T T g e ok ,,_[_;)’ W fraifes g ¢,
WV,muﬁmwwnﬁrtmruxwﬁg!mﬂmzh{ﬁ'l‘l(m.l

Distances) &1 2fe® fax 1.7 R V = 10 m/sec, VA 2§ Upw ¥ Up & WW U ey
i’tihrmisaqmifo.z,o.smo.stﬂnthnﬁnntmmtﬁil

v r 2

m—-ﬁiﬂt, _[-/_=1_(__)

Bl v= V[l—-[%]z]

mr%mmmmaﬂﬁm,

dv r
E’.‘ = —szF a
dv ryl
ke ._10><2(-}E)-E (= V=10 m/sec faar ?)
=‘40[_‘%) (m:lms.R=-'-mm5!‘R)
| *
y
O
A\ —— g
AL E
Velocity distributions Shear strese variation
fox 16
TR (R fam 1.6) < g r3R o dy =



16 THw Fw TEElE St

F. T= u‘—h; ﬂ‘dv:—dr'{'{'ﬁﬂ'{r=-pﬂ A a7,
dy dr

7 9F @A W,

T=-2x 0.001 X {-401% T g

%%uﬁm::ﬂqaﬁtaﬁm

% ¥ F99: 02.0.5.08 99 @ W,

1.7.7. ¥ ¥ A S 9@ (Surface Tension)

=47 e © & W W HE: 0016, 0.040, 0.064 W BN T I )

ﬁwﬂwmﬂﬂmqsnm(«in(miqwmn)aﬂm’éim(Contact
Surface) e a1 T ¥ @t & e Tk wE weres feet (Elastic-membrane) 1
T & & ¢ N Wy T e 7w T L ye & 3t @A @ CyS-Faa’ (Surface

Tension) F&4 &

“The surface tension of a liquid is its property, which enab
the cohesion between the molecules at the surface of the liquid.”

"guma”m:amgm%é’lsﬁmuﬁaaﬁ%ﬂméiﬁ
ﬁﬂmwwﬁ%mwﬂ%m%mmélﬁﬁm
MzaFae e H9E T ALY FI T o @ for T € A0
mﬁﬂ%iﬂaﬁgwmmwﬁwaﬁémqﬁma
ﬁﬁﬁ%%mwﬁﬁmﬁmﬁmﬁqaﬁaﬁﬁmmﬁr
g yan, 3 f& a3 1.7 7 feam 70 & s W 7= F AN F
gzaaméiwaaaam%mz‘mz{ammmaﬁ
aﬂwm@ﬁﬁﬂw%lwwfﬁ%#méiﬁm%ﬁ
% §¢ 73 #1 4 WA W 7 5l 2

s 7E & gmmﬁwmi——

(i) aftar & I @ frdl g4 92, FEEA a9 7 a9

(ii) fod 34 | za (Sap) F1 &I

les it to resist tensile spesses. It is due to

/T B

QE)KDJ
@ %

fa7 1.7—9% aE

W0 ¢ TR 2 el

(iii) &dierd foFn '
o1 (Dust) A % %0 T T ¢

(iv) 7 1 98 9 & I g A F T T
7o a1 & g —aqa-aa, T dfq TEE @t (Force per
3 o T TEE gEAA (N/m) & 2
aa-maﬂmrﬁamiarﬁm—m-mésmahn
(i) g9 &1 gFfa
(i) TREAA F 24 (Matter) 1 FFd 340
(iii) e Sl (A4 3@ AU H AT

Unit Length)” ® e feran Sl

aifad F0 9el FE I E—



frfafeaa afea 1.2 3 2

=g
0°C (gfq aMrg AT) R Yeeayel ga & fafie ur a9 79 & 99

fo ™ ¥—
aferasT 1.2
™ fafere urt g/m? & T T kg/m ¥

urt (Water) 991 0.0075
freef (Glycerine) 1,260 0.0065
(Kerosene) 800 0.0024
TR F A (Castor Oil) 960 0.0040
AR Teehied (Ethyl Alcohol) 789 0.0022
L_TITTI (Mercury) 13.550 0.0520

1.7.8. Sferat faan a1 Ffora (Capillary Action or Capillarity)

%ﬁmﬁmm%ﬁm,wm%mmﬁ,mﬁﬁmw%m,mmmﬁﬁa
1 AT § T WG W A IR WA e T D) 9 25 w0

(cohesion) % TIaR W9E F FRU Bl 2

wm%ﬁmmm%aqsﬁ(mmmles)%ilamaﬁwm“mimr"mﬁmﬂ
zaa:ﬂanqaﬁffmifm‘a“m’mmh

e 1.8(a)ﬁmmﬁmhaﬁqazqawﬁmﬁuﬁﬁag’\ﬁ

HATESHA (Adhesion) A9 GEIR

g o
\% 0 %‘ﬂaﬂ/*—d——
g
s
)
—  —»

a
(b) WEIR > TR
o 18—y faay

(a) NTEAT > WHEAT

o3 1.8(a) &, W

d = dter) Td F W™ (Dia. of Capillary Tube)
0= 39 99 =1 oy (Angle of Contact)

h = HFTeT-wgT o S (Height of Capillary Rise)

0= d T F (Surface Tension Force) (Wfa weries AR W), qor
w= YR 998 (pg)

T R4 cocwrrn R —————




18 T Tm FRER IR

imw.mﬂmﬂmmmmmtmwﬁmmmﬂ-qﬁtmﬂﬁmﬁ
mtnnuﬁaﬁm:ﬁmm\ﬁ"tﬁmh'm"mﬂ"mtl

“Capillarity is a phenomenon by which a liquid (depending upon its specific gravity) rises info a
thin glass tube above or below its general level. This phenomenon is due to the combined effect of

cohesion and adhesion of liquid particles.”
feqer, T & T & SNqE (Downward) W ¥E T WA, T T q % IET

Zr g &1 Sge = feefa &,
o F TN H 9K = 7 9@ 9@ F IH WH

-:-dthxw =nd x G cos O

m:ﬁiﬁz{lﬁﬁﬁi‘aﬁa=%

w % T, o l.m)%m,ﬁwmﬁmmmmeﬂwam%:
=AE cos 140° = — cos 40° 3: h T TA (-) ive T
S W W A, T F 39 F A w0 @AW
&fyrsa (Capillarity) = g =1 T SRE—

(i)mﬂmmmmmm.wﬁﬁmmﬁmawﬁmww

% fow 7€ =9 8 mm J =9 a9 12 mm & A T A e
(ii)mam%mﬂaﬁmmnWﬁmﬁfﬁmmﬁmm%m%ﬁaﬁ—ﬂ

(Capillary Rise), 981 3@l Joqel 1 97, za-32 1 AT Hgal Fara Aied (Hydraulic-

modcl)&?mfaﬂﬁmaamamﬁ,a:maa-mmmtﬁwrwaifﬁ’r‘amm%l
(iii) i F TEE T & AF 0 < 2 T E—

¥% T @ @3 FY qaE F few 6=0°

aye T F fau 0=25°

vﬁ%f‘mmuﬁwmme>méﬂ%

ai a9 Fia gde & faw 6 = 130° | 150° 7%

R0 1.13. 6 m? ﬁammaﬂqaimuﬂzaﬁ
9 ¥ T u =0.12 N-s/m? 6mm
mwt'aﬁﬁﬁﬁmmm‘vﬁmic 12mé——'

Mﬁs)l:stmiﬁmawﬁaauﬂm l Iu w2 6

0.12 N-s/m?* g a FHT @z F an Fa ) T

FA—fea 2— 1 g%, A=6m’, fax 1.9
razmamaa,F=160N.3;tra-aaaﬂm,u=0.12r4-s/m2




=g 19

T F, = W % 370 une ¥ w47 9,
F,= %2 % frach wgz § #d1 aa, a@
F=F, +F,= <R = gf=t % @ ™ aa |
¥ F=Fi+F=t xA+1,x A (J8 1, I 1, B % A TF Fd7 Aferaa 21)

dv dv)
= — | xA 3 ol KA
) "‘[dy). ' “[dy z

v v
N 6+3x0.12 x x 6
160 = 0.12 x — 5 %103
160 = 120v + 360v = 480v
V= 16—0 = 0.333 m/sec I
480

mml.14.ﬁ«a‘lmaﬁm4.8xw-3Nsecfmztmmmﬂﬁammm
4x 107 2% {1 waed & 7@ @ o o fwaw &2

FA—SATER, A f—p = 4.8 x 10 N sec/m2, v = 4 x 102 % = 4 x 102 x 104 m
WP v=L Ap=-L ymmmrw
p v

2/sec

_ 48x107?
4x1072 x107*

= 1200 N-sec/m?2

Eamraﬁfwma':_'i!l:pﬂ_g:M:l_z -
W Wam 1000 x 9.81

3mm1.1s.zmmmﬁﬂaﬁirﬁm?6ﬂﬁ’m=ﬁﬁmrmm,aﬁmamnw
wﬂwaamwomswmmmmqw&ﬂmaﬂmn

EA—SEIIER, A —0 = 0°, d = 2 mm = 0,002

m, 0 = 0.075 N/m
W i 4o cos 0

F H (S V) @ W,

wd

4x0.075 x cos 0°
= ————""_ 0015 =
(g% 1000) x 0.002 m =15 cm I

0.0735 N/m wifiay

0.3 mm =
R, w = 9810 N/m?

03x 103 m: a9 &, 0 =0.735 N/m, 9+t =1 fafow
T b= 4o cos O

——

wd '

Y= - —E——



20 i Fw wwEr fEfEd

ﬂthﬂ:ﬂ'ﬁ“, h-_-.....-—.

= 4x00735 =0.1 m= 100 mm C L
0.3x107 x9810

ml.l1.ﬂ4md“dhimmmﬁmmu(nWl’"ifm
(i) Wt & g T @ T A 20°C § forw T OE Ao o o Ay & W A e
HU9: 0.0735 N/m W1 0.51 N/m §1 m:htmmmhmmwﬁ&me:mﬂ
t1 20°C awwE W ot = fafire W 9790 N/m® W)

w—a t—
#a T W W d=4 mm = 0.004 m, w = 9790 N/m* (20°C W),

™ ¥ (20°C W) o, = 00735 N'm, 0., = 0.051 N/m

d

(i) ot % forg $dheh W, b= 4 x0.0735 x cos 0°
' 9790 x 0.004
=751 x 102 m=7.51 mm (I9E) IaT
(i) ﬁtmmm,h: 4x0.051 x cos 130° (aﬁ'e =1300ﬁ-€"%)
(13.6 x 9790) x 0.004 b
h=-246x 107 m=-246 m
I

q h = 2.46 mm (3N

1.7.9. T U AW T (Pressure and Vapour Pressure)
mmﬂﬂmtmmﬂmiﬁﬁtmaﬁaﬂﬁaﬁmsﬁméﬁmﬁ%}

mm“mmmmtﬁﬁsmmﬁmmmirmmlmma;mri

SIG® (Unit Area) U7 VI3 /@t &% =) z/a o1 y&§ Z@ A g dtaar (Pressure Intensity)

wea )

“The force exerted by fluid per unit area of the surface is called pressure intensity.”

of; farddt ava g faedft @A & 4 JAwE W TEA A F 7@ (Tolal Pressure) P ¥ M,
P
T, p=—
g =

@ G AR &) 7@ K QR AT9A T e a
(Free) 75 AiEa (Vaporise) ﬁﬂﬂﬂqﬁ‘lﬁ?ﬁ
# am 90 R € 7a [a% & FW TEHE arH

ar-Z (Vapour Pressure)—4 z4 Afvr
7 ST wAw ¥ F9T A9A A (Molecules) F1 TF
) 7= ad7 § @ 7@ & FW & @ ®@A A 30 7

ra Wz T ¢ ol am-za FEd ¢
A w1 FA N p

—— £ 1

3a: qe; TE, p =



gfag 21

oI %9 1 A7 fafe el W SAem-ste B #) e 39 9 W T, 39 % as-orE &
AT F AT A FW F A9E WA FA A0 T ) A a2 A W 7T F - 6
T3 S & W F A2 Aga A A 2 TaE A A F A2 T A A 2T
AT FR F AWE T 0.0235 kg, /om® A 0.2 x 10* N/m? 1 2 kN/m? 2 21

AT A9AH-3fE & W wga ¢ P AINH 959 A 53 i ardia A 2 ) arene agd
Wm—mﬁmﬂnmm%mﬁﬁ:%;ﬂﬂﬁmm(BoilingPressure)ﬂﬂw‘?ﬁmmél

T T 53 1 AR 5 7 T A e # sEte s WoEE %1 IeeRiE T B9 o 2

9 W I 100°C | F9 A99A T A 3aed o 2 4.66 N/cm? aT9-2@ W YAt 80°C T 3o}
T R AT 1.3 ¥ 9rh ¥ IaeEin-aTEE 9w AT e T

aifermt 1.3
A, °C 0 10 20 40

60 80 100
- A% T, N/cm? 0.0608 0.1226 0.2334 0.7602 1.994

4.66 10.15

mﬁw%ﬁ100°cmﬁmm—m.m—mmm%mélmmm el
W 100°C AMHH W It @ )

1.7.10. WAfiETaT (Compressibility) 79T s OT% (Bulk Modulus)

uﬁmmmnmtﬁm&:mmuwwmﬁwm&smﬁmﬂm
STt &1

“The property by virtue of which Sl
pressure is known as compressibility. "

ﬂ%ﬁaﬂmﬂﬁfﬁaﬁqﬁmaﬁt%mﬁﬂﬂmaﬁ%lvﬁﬁmmﬁ,mmm‘lm—

SR O & FY N e 0 m-wﬁmtﬁr&ﬁﬁﬂwuﬁmmmm
(Bulk Modulus of Elasticity) @ga 8|

"Bulk Modulus of E lasticity ‘K is defined as the ratio of compressive stress to volumetric strain.”
¥ TR M forelt Tt © g ¥ uftgds g

P, T T T« IR F A 3w ¥ ofeadq oy 2 watw
TS H IR S V& (29 fas 1.10(a), (b)) =,

uids undergo a change in volume under the action of external

I
N <
Q.
al| o
aviv T~
- AT fagpfa—

(b)




22 Tdw W TEEE SEEd

TS & AW O, K = W -dp ym?

fghy &
K # 7@ = kg /m’ (MKS womedt ®)
T, = N/m? (SI woTreRt ®)

T T 1 kg, /om’ A9 ATAH 10°C T T W Hhex T 1 S e 0,005% e &
K & WA 20000 kg/em® &1 #1 3@ W sywwiey g W@ K & WA SI Yome # S

lQGON!mmziFHi’I
T & (-) fow T A e O W amam ¥ F W el 2

TN 1.18. WU AW ¥ T (N.T.P.) W o & fomelt e &t 0.5% wuitfen H@ & foQ
fsm afftes T = amEveEm WH? W@ & Y K = 1960 N/mm? AT

w—a t—-% = 0.5%, 39 O, K = 1960 N/mm’>

‘I’K=-d%,m. [(-)ﬁ%mﬁwﬁmm%u
T @ W,
MEH,tg;;:Kxﬂ:]%oxPi
vV 100
I

= 980 N/mm’
FZTETUT 1.19. 0.9 N/mm’ T ¥R W T& T@ & A™TA 0.06% Y § @ IWEHT AT WUiH
(Bulk Modulus) ¥1d =i

__ D 3
W—F K= IH @ W

3gaT 99, K = 09 _ 1500 N/mm?
0.06/100

mlm.wunnmasmmzﬁssm/mzmmt
sy &9 g s g nmmmismummduius)maﬁﬁ&l

a IgET 3mgad 0.08

TE—IRE g™ = 3.5 MN/m?, I8 2| = 6.5 MN/m?
zm § 3fg, dp=65-35=3.0 MN/m?

Hd:
3@ WA § F9 0.08%
_dv _ 008
v 100
wmAAdE K= "Zv = 3;(1)36 =3.75 x 10° N/m?
v 100
K = 3.75 GN/m* am




&

g=a 23

ST 1.21. 100 litre AT A & FTT W A 20.7 MN/m’? S I FO0AT AT § A IW@T

T 1 litre T2 AT §1 FT W1 ATGGT WAtEH (Bulk Modulus) 1A Fiferd aur wgentyd fa a®
™ FR-w 2

¥A—TT T F M, dp = 20.7 MN/m?
I ¥ FH, dv = 1 litre, IOYSF 3@, ¥ = 100 litre

v _ 1
vV 100
6
s ¥FaT WO (Bulk modulus), K = dgv = ZO'TT 2
’[?J 100
K =20.7 x 10® N/m? = 2.07 GN/m? I

K =1 WM Sl % SEa W % A sUE S 21 36 9% 29 S 2

1.7.11. mifegss amaaw o fafvre araaw (Specific Volume)

A F T m%waﬁmﬁfm(m)Wﬂ%%l%m&t‘wmmﬁ@q(kevem)
B R T Y, W R @ AT Ve T e w R,

aMmfeh T, ¥, = _:7
IS AT Y TR = m’/kg, (MKS 99% %)

(SI 7% ®)

qaan =m’/N

A4 WA F ANF AT = L T 10~ m/ke
1000 10~ m'/kg,

T 0.102 x 103 m3/N.

N 1
- -
13.5x1000 x g 13.5x1000x 9.81

=755 % 10 m/N = 7.55 x 10° mm>/N




94 i T aEE SRR

1.7.12. ACEN YT AUHH qGT W W AW (Effect of Temperature and Pressure on Fluids)
Mmmm&m,mmﬁmmmhﬂtmwwmm%im
uﬁwmmﬁmt(mmmi) aﬂtmﬂzﬁﬂwmi(“mmm?)'
:ﬁwmmﬁtm,m%mﬂwmmﬁa@mqﬁﬂﬂqm%u 31a: 9% fad
mmegligble)mmtnmtmmnﬁmm ﬁ:ﬁﬂsmﬂmmmﬁl I

mmﬂmﬂﬁﬂaﬁmaﬂmmél
mqﬁﬁnmmmﬂmtlmﬁﬁaﬁwqﬁaﬁ*ﬁﬁm(smm

mﬁ)ﬂi*mmﬁ%mﬂmmm%l >
Fo A A A TH |

aﬁivﬂ:am—ﬁuia(Abso!umVacumn)ﬁ:qwmmqﬁwmnwaa
#a ¥ et @ e 20°C AEE A

J W (JUEE F FFER) ASdAFa (Vaporize)
0.241%!!!1?0(%:&)2«(2.4ﬁamﬁmvﬂé)w§m%|mmmm=ﬂifg?ﬂwﬂﬁﬁﬁﬁw
milmﬁﬁﬁmﬂ%ﬁwﬁﬂa%@m%

1@ 1 39 SREA T JEEBISI (Separation)
ﬁmmuﬂam‘t#gﬁuﬂi(rommad)ﬁmﬁmﬁmaaﬁvﬁmmqﬁrm

ST FCN B Tl 2

51-3-'11"“* wifass [T (Physical Properties of Water) :
ot & wea sifas 0 frfafas —

1. @mm,mmmmtr
2.aamqﬁ4°cmmﬁm%mhwwagmmmﬁ@mﬁr

Wmmgzaamcmm%m 100°C W Iaedl B

& TR 1 ANfEE W, w = 1000 kg,/m’ a1 1000g N/m’

w1 Feqregal H WW,K=ZOOOOkgffcm2 e

ot & ferg 20°C W @ T T 0.0075 keg/m 0.07357 N/m &1 &I
20°C 1 0.2334 N/cm? T W et o & @ 2

art # v@Ea 20°C R 0.01008 T=H
wﬁﬁm,m,aﬁmaﬁgﬂm '

10. T @ smfer A 107 m¥/kg, & 8l
11. mﬂa@ﬁmmmm%m:sﬁaﬂnﬂ@mmél
12. w@mﬁwwélammmmnﬁaﬂﬁmmﬁﬁﬁgﬁﬁga@mwmﬂl

13, WA 1 FER TUiiE (Coefficient of Expansion) AT ofcad % ferg A (Fgd FA) @ 2

O % N0 W AW

1



9ftsg 25
wyATaet
I 7@ =0 8 22 et ae =) wfiwf S
2. 3 = sfiwfm ifm—
(i) Y TS (Ideal Fluid) (UP 2010, 2017)
(i) ATfaF TS (Real Fluid) (UP 2017)
(i) W@ A=A (Fluid Mechanics) (UP 2017)
(iv) 53 T (Hydrostatics) (UP 2011)
(v) @ Tfas (Hydrodynamics) (UP 2011)
(vi) 53 Y&-TfThl (Hydro Kinematics)
(vii) TEgferag (UP 2011, 17)
3. RY qu Arafas T W =R Wy &)
4. F= H oy F—
(i) ¥ (Liquid) 91 ¥ (Gas)
(ii) 3 (Solid) 7 T (Fluid)
(ii)) =R aq 9 =R T
(iv) =nfes wa 9 fomrta o
5. WA & O 1 avig i (UP 2018)
6. ﬂzm%ﬁﬁmm%mmmﬁﬁmmﬁmmt?ﬁwmm W wan)
7. WA % e sifaes Ton w5 Ao g
8. freafafad = vorai aama—

10.
11.

(a) T-T9E (Surface Tension)

(c) 3MUfe® R (Specific Weight)
(e) =T (Density)

(g) fafte amr (Specific Volume)
(1) 3FT A9F (Bulk Modulus)

. Tl W TH-TT (Surface Tension) = wftwmy
T v (Viscosity) =t aftsmar aan M.k

Frefafaa & e we FiRm—
(a) Waﬂtmmmmmaﬁﬁ

(b) aﬂﬁfwmaﬂﬁéﬁrﬁ?ﬁﬁ?ﬂl
(c) & Sranftey WA Wy §)

() F9 @R W HfeF werm @ T ¥

(b) §HSH (Cohesion)

(d) ¥& T ¥WHE (Kinematic Viscosity)
(H fafe w== (Specific Density)

(h) ESH (Cohesion)

Q) T (Viscosity)

ﬂm?mmmﬁ%ﬁawmmaﬁ]
.s.mra’tifmaﬁlmm@t

(e) ﬁﬁqﬂﬁﬁﬂmW(Convex)ﬁm%I

0 =3 % 42 # srER e w2

(g) Wmaﬁww-mtﬁaﬁwzﬂaﬁmm%l
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 Ghaptor I (Pressure and its Measurement)

§2.l.mlﬁm(Concept):
mmﬁ'wzﬁ(Pmssurc)wt,ﬁgwmmwﬁ:ﬂﬁfﬁaﬁgﬁaﬁaﬁaw

(Pressure difference) ¥8 T FW ¥, T = FA
73 Oifis T, T9 & o mﬂmm%ﬁmﬂrmmmwmm%ﬁhaﬁaw

F wEaq @ @ 8

2.1.1. $ T q FYUT I (Total Pressure)
Mmtmﬂsﬁmwmwgmmmmmmmwgmmmmpf

Tm wyewr ¢
“The total force exerted by any fluid at any surface is called the total pressure of the fluid at the
Sudm‘ "
%sih,_wwﬂ:mmmélwm

qE ¥ §g HUIET (Compressive) F&HR Hl g

! TR P BRI Sefia Fd
Wm,PﬂWM.KS.Wﬁk&mmWWSImﬁN a1 <A Bl B

21.2. T q T d@A AT §HT§ I (Pressure or Pressure Intensity or Unit Pressure)
mirﬂmwmm)wmmm&ﬁmaﬁmmmmzﬁmm

Tm =Ed ¢
“The force exerted by fluid per u
sﬁm:pﬁwzﬁmm%tuu&f‘am'im%,c 4AFA W FA 7@ P & @,

nit area of the surface is called pressure or intensity of pressure.”’

54 W WA, p= -

A
/@ @, p F TEE MK.S. Yol § kgo/m® 39 SI FOMEA A N/m? @1t &1 wmra: 3@
kg /em® ¥ = FT €
#2—1 kg em? = 10~ kg,/m” = 10° N/m® = 1 AW
= 1 Fgaved
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2.1.3. 78 & 3(FT T (Pressure within a Liquid)
nﬁamaﬂmﬁmﬁmﬁ:maﬁmi’lﬁ%mﬁrﬁlﬁgmmmﬁg&m
a;ﬁaﬁmaim?ﬁﬂ'glﬂﬂaﬂ?ﬂﬁm(lntensity)ﬁaaammﬁﬁtmgl

Sﬂm%-mq&mmwmmmmmﬁﬂﬁlﬁﬂwmmmﬁﬁh
S T T A F) TR W AT A & R I TF T D) R 2.0(a) e

_________________

________________

fax 2.1

aﬁqﬁqiaam%w,w:mmmﬁfwmx:awm
' =wXx (4 xh)

T TE, P= W

' TR 3 YR W F W e
Pressure-Intensity), ¥ & INfgw W 79 39

2 wmmﬁﬁaﬂ&am%mﬁﬁtl" [, e

TR W A e & (Proportional) gt &

"Pressure intensity at any point in q liquid i
point. "

s direct proportional to the height of the liquid at that
sy

ph
(-:Wﬁza%:hitanﬁﬁﬁ;mwmmmﬁm%l)

L L T e ——
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mm.mﬂitmmﬁﬁtmtwﬁh:oﬁpﬂmmﬁhWMWmaﬁm
i 7R W T@ A Afw o

§2.2. 7 wifvet & Y f (Fundamental Laws of Hydrostatics)

o iR & T e Pofies —
l.ntw&dﬁﬁwmm.mﬁgmwﬁﬁﬁﬁmmtmﬁ@ﬁ
* fm—
pe<h
2.ﬁﬂﬂtmmﬁ=§ﬂtﬁm(prcssumintensity)'ﬂﬁﬁmaﬁﬁmﬂ?ﬂ?nél
3.m&mwhmﬁmmmmmmmm(nonnal)mﬂm%l

§ 2.3. U™ &1 AW (Pascal’s Law) :

& @ 73 & < Fedl fag W 29 W T NS fom A 6H Em

& 3R, 'ﬁdmmmiwmifmmmtn"
the directions.”

BrA AR ¢ A

g

“The intensity of pressure at any point in a liquid at rest is the same in all

fis 2.2 20 3R UG T4 € OA @ 5 39 $ I A AEE BT Ao
ﬁgwﬁa(msmuactﬁaaﬁmaif@m)l.zmmmmm:pl.pzwp3
= ooE 5 o=aq @ 4 8 (3 99 22)

4&1
b2
Pgdﬁe
\‘0 \
: P 3 N—
7 N
NN
/ 2
2] 1 N
.5 77
B
IP1

fam 22— % o
iﬁfﬁﬁméaﬁ:ﬁwﬁﬁwﬁmmﬁwmmmmiﬁ%m(aﬁﬁﬁm
ma‘mé)ﬂamm%umﬁﬂmﬁﬁ%méﬁaammﬁmﬁﬁmﬂ-mﬂuﬁ
acii 1 4m 7 F U e Fa: dfad dger F,

(ps sin 8) x AB x 1= p, x AC X1 ('.'p3$l@ﬁrﬁaﬁﬂﬁp3sin9)

8
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IX=07%,
e, AC = AB sin
Fa: Py X ACxt=p, x AC x t
o P3=p; ()
¥4, TR d@ger R
I¥=0 3, (pycos O) x AB x t=p, x BC x
iﬁ" BC = AB cos 6,
Hq: P3xBCxt=p xBCxt
o P3=p ...(ii)
e wHwTn (i) a9 (i) ¥
B1=Ph =P

mwﬁﬁmganﬁs'ﬁrmﬁﬁiwﬂmwﬁmﬁimmmh”

2.3.1. 39-T@ W T F JEHT FH GH9TT (Effect of Sha

T I 2, 3@ % ol fag oz <, 5w
TR w R AR & R

<9 1 @ 6 F BN a9 TES F IS |
B foamn T ) 39 sER e srER e

éi’

pe of Vessel on Liquid Pressure)
o= =1 53 & == 79 ¥ ™ b am s

[+9]
) *-— T
O=—mo

TR b e ety o ——
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§ 2.4. T ¥i¢ (Pressure Head) :
- awﬁmaaaﬁz§2.1.3ﬁm(i)mwﬁtﬁnﬂhmwmﬂﬁ%mmm,

p=wh

o hed :
o

mﬁwmﬂtﬁiwntmmmwmmﬁﬁﬂam?mtEﬁm»ﬁaﬁ
Suré h A ot o7 W W wEA m:pfwmma:aﬁﬁﬁﬁnﬂi(statichead)éﬁmﬂ?ﬂtlﬂ?%l
gﬂdﬁsdﬂﬂﬂmﬂmmm)m%mmsﬂﬁhmﬁmﬂwpﬁ‘kaﬂﬂ?‘%l
-vﬁﬁﬂw%mﬁ;ﬂaﬂm?ﬂmﬁm#mmﬁmmmmWW%lm
nwmwﬁnimﬁmﬁmﬂs‘aﬁtmmﬁmm%laﬁmﬁ%ﬁm
ﬁwmi‘zﬁcmﬁ'a"ﬂ!ﬁ%mﬁmmélmmﬁﬂm:ﬁﬁaﬁ@iﬁ%mvﬂﬁﬁﬂﬁﬁﬁﬁ
TR T AT R @ p &R,
WwH T W Ao To x ¥t 7@ =1 g il = R ¥@ @M Ao Yo x 3t 7@ w1 @
vitd
uﬁﬁzﬁﬁzﬁm&mﬁﬂ'ﬂmp=m=h
T3 T TR FA B =T @ € ANEE W F TWH R 3o To (specific gravity) ¥

§ 2.5. ATGWUSEIY TA (Atmospheric Pressure) :
mm‘aﬁﬂmﬂtﬁaﬁm%mma@mmm%aﬂraﬂqﬁkaﬁm#
=58 &9%d (Unit Area) R @@ T4 Ziedl 2, 39 aguUecd < (Atmospheric Pressure) &ed ¢!
ﬁ-ﬁ.m%wmaﬁtﬁ—ﬂaqwmmmmmamm%:
arqaUesia 7 = 1.0332 kg /em® = 76 cm W1 ¥
1033 m W = % ¢ ¥ = 10.135 Nlem’

3 w,h, = wyh, S Suffix 1,2
T@1 W Wbl 2|

jzﬁ.mtmwmn
3 frofafes @9 YR F B8 —
L. s @ 91 gwrEt g (Gauge Pressure)

2. frafa 2@ (Vacvum Pressure) 791,

3. om (Fig) ™ (Absolute Pressure,\)‘ quor 74 (Suction Pressure)

1.1hmmwrdiaﬂ(6mge?msme)—aqwzahmaﬁmmnﬁmm$mm
T3 7/, W T 7 TEwE A Feer ¢ aﬂhﬁamhﬁmm,mmm%aﬁtm
mmmﬂmmmﬁmtwﬁamméﬂﬁmﬁﬁam,m
219 A AfaF F 2l F A +ve (W)mmmuﬁmmﬁmﬁmaﬁ?ﬁ-vc (FEUTC )
YR &1 ol 2 —vcmwﬂazﬁ,ﬁahm(mewmmisﬂtmmaﬁmﬁmmwﬁ

fratq-zramrdt Feene 2l

1
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2. Frafa g (Vacuum Pressure) a1 9UUT I (Suction Pressure)—arguuseity g @ = &t

:mt:maﬁmm, frafa z@ wgemr &) 7 ¥R frafa-zm-tu @1 g ot armeety <@
|

3. W (@1 frdg) @ (Absolute Pressure)—U{H Y[ (Absolute Zero) T YT WHT
¥H& FUT WIQT T ZT TOH-T@ (Absolute Pressure) HEETAT &1 ¥ THR W I frdg T,
W W 7 argwvEeEty @ w5 T dfisfta T (Algebraic Sum) € [FfH i Frafa (Vacuum)
A Fifega SMER (Arbitrary Datum) T H T T faega 1w ? R v = e v
(Absolute Zero) F&d #1)

= T, frafe g & o o (P T ¥ wwm—fEd i 2.4 3k 39 W fEr S

S

)
ll

-

o
|
I
e
[=}]

.0332 kg/cm?)

(N}

a9 (Pressure)
RS T Y
(1.03

fil ’IILII,I

'fﬂ'ﬁ?q
TIIITIII
1TTT]
gy
b3
4
| =4
(| Bg
&
ey

Litl {5
; f||
ICI’JEI;II
a3
B
73
o ATV _|
AL
&
™ TE

o

frafa =@ wowy
M
llllr,él'
sy
=

o

I

«ss(1)
-..(1I)

7
WA F 10332 kggfem? A 10,135 Njem? fafa <= =
3R 1.0332 kg /om? A 10,135 Niem? ¥ @ = w1 1 2 3 frafa

= s = HE|

13.6 Wi, I S ke T Niem? ¥ e wt M T
BT-—8W oA, o T W p P

W

s, 76 cm YT T W S - p
TR F smifars s
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p
= TR T T o x T F 3o W

p=76)(136)(l

(- T W Mo WX CGS 7 A | gm/em® B0 )

= 1033.6 I WE/AH?

= 1.0336 kg /em” = 9.81 x 1.0336 N/em?

= 10.139 N/em? IW

muﬁﬁiutﬁﬂmcﬁﬁmmﬁﬁuﬁamﬁ-&uﬁWWMcm

ar &)

5 N/em?|
To—(a)

(b)

(c)

(@)

(a) TATR T 12 m TR, (b) Frafa T S m R, (c) Wt 2T 80 Niem?, 7@ (d) Fafa @

FEIUEHT T = 76 cm TR =76 x 13.6 cm il
. T ora daa & R, why =w, by
ar s, by =5yhy5 5 T s, = 3lo ®o 2

- Yo X130 m At = 10.34 m A
100
iy =@ = FEEVSHd @ + T T
= (1034 + 12) m 9

=2234 m UMl I
s =@ = agavedd T@ — faf I
= (10.34 - 5) m WAl
=534 m Ut FaT |
arg:ru-e?ﬁzzaﬁﬂecmwm:lo.s::mm-ﬁ (I AT H)
= 10.34 x 9.81 x 1000 N/m?
_ 10.34x9.81x1000 o
10000
= 10.1435 N/em? IW
fire 21 = AgAvEHd 3@ + YA 3
— 10.1435 + 80 = 90.1435 N/em’
fire < = argeUeEd 2@ ~ fafd <@
Fa

~ 10.1435 — § = 5.143 N/cm?
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MG 2.3, T 4T T ¥ 0.5 m 9T, 1 m U, 2 m W (3o o =0.8) 90 g3 § 3 Fw

g:wtmhmtluﬁ:!’uﬂﬂ‘mmzmﬁt,mﬁqmzswcmlmammﬁm
A it

W—WWmﬁm =pN/cm2 o
s p N/iem? = p x 10* N/m?
_ px10*
~ 9.81x1000
YYHER, FA &1 = 25 N/em? = 25 x 10* N/m?

4
o 22X ey
1000 x 9.81

.:25.48 m (WF)
YA 2 = 25.48 m U
=05m R + I m Ut + 2 m 9 + 1.019 p m T
aﬁmw,mﬁﬁ%mﬂm,wﬁmﬁwpmmmmﬁl
: 2548=05%x136+1+2x0.8 + 1.019 p
7 p=15775 m I
_ 15.775%9.81 x 1000
- 10
ZH F IR Gl T F @ = 15.475 N/m?
mmrz.rt.vﬁﬂqmwﬂumwwcmzta‘rﬁnmﬁaﬁmmﬁ«ﬁﬁ—
(a) 12 m UMt @1 WA T T (b) 5 m Ut =T frafa

m—mmaﬁaf‘aﬁ&fﬂmﬁ—mmm%aws?ﬁﬁfhffa@qug?ﬁamaﬁm/cm?ﬁm
tﬁaw%wﬁwmmmaﬁr@ﬁﬁﬁﬁtﬂaw%mﬁﬁ N/em? & e 3k

m T = 1.019 p m T

N/cm? = 15.47 N/em?

naw fafa—(,) T T = AYEUSHE T + WA =
=10 N/em? + 12 m Wit &y
(G =t 5f ¥ arvecha a5 9 10.135 Niem® & ¥ W 10 N/em? forar man #)

5 2
= 10 Mom2 4 12 x9.81 x 1000 N/em
10000
= 21.77 N/cm?

W
(b) TH T = aveey T - fiafy o

=10 N/em? - 5 m it wmy
= [10_5x1000x9.81

104
= 5.09 N/cm?

2

J N/cm?

s A R T T R e,
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gt fafe—) T T = AHUEE T@ + YA T
=10 N/em? + 12 m W &

4

= ________IO::IO +12 m T
9.81x1000

=21.19m

(b) T T = AgEvEsy T -t T
lONIcmz—SmﬂFhm

_ 10x10*
9.81x 1000
=519 m WH W I
FRTETT 2.5. T AwA 13.3416 N/em? (2) m ut, (b) m TR (c) m A (3o Jo = 1.36), a4
(d) m w7 (3o We =13) & yiel 3 s

¥o—fea d—am i, p = 13.3416 Niem® = 13.3416 10* N/m?

(a) A w R =L = 13.3416x10*
: ' 1000 % 9.81

=13.6 m (TR |

e a= L = 13.3416x10*
A= — = — |
gR &1 3Alo 9

“F

4
_ 13.3416x10 - 1 m (T
13.6 x 1000 x 9.81

(©) Y Wt =L = 13.3416x10*
' da &1 Hlo W |
|

W

4
1.36 x 1000 x 9.81

133416 x10*
d ot o, h= £ =
) w frargda &1 3Alo 9

13.3416x10*
= 1.3x1000x9.81
= 10.46 m (feradi?) I
IR 2.6. VYK § W Wag | 2500 m ﬁhﬁﬁﬂﬁ!ﬂmwmmk&km’
mm’imﬁﬁinmmﬂmmqml.osmﬁm "
T, h=2500m
TR IA & 3o o = 1.03

N

oW —
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Tt T T o wR, w=1.03 x 1000 kg /m?
= 1030 kg,/m’
FE TE, p = w.h = 1030 x 2500

= 257.5 x 10* kg;/m?
T 1 kge= 10 N WAt o = 7@ &)

SI yomeht ¥ @, P =257.5 x 10 x 10* N/m?
=~ 25.75 x 10° N/m? I

STTETT 2.7. U A & TEA A6 (Free Surface) % 6 m ﬂ%tmuﬁwcm’ifmaﬁﬁﬁ,

= =t Specific gravity 0.8 &)
m—%a%emﬁ%m?ﬁam,p=whzﬁﬁ

p= 9 F 3MfEF R x T

= (4F 1 3o o x YA F1 370 IR) x T

= 0.8 x (1000 x g) x 6 = 47088 N/m?

= 4.70 N/em? 3T
SATETW 2.8. WA Y| (Swimming Pool) 30 m

T, 20 m ST AW 10 m TR 1 yESt wwh
wwmam?ﬂmmﬁﬁ(a)u&mmﬁwmﬁmw&mmiﬂm
W TR kg, /N T N/m? ¥ &)

Te— TEW, h=10m
aﬁmm,A=3Oxzo=600m3
(a)mmwﬁwmﬁ,hwmm

3d; H?ﬁﬂ??ﬁﬁﬁﬂ'l,p:wh:l%{)xlﬂ:

10 kg, /m?
= 10° N/m? (T § 1 kg, = 10N 9 @ &)
‘ﬁzﬁ,P:pr:lonsooN:ﬁxw?N,znsxlo‘kg, I
(b)mmmﬁmmﬁa\hgﬂﬂmﬁm
3. aa’tqtma?ﬁaai,pmm:loooxs
=5x10° kg,/m? = 5 x 10¢ N/
wmi,P:pr:suo*xsoo
=3x10'N = 3 x 10° kg, I
:Zm:lmzs.m;raﬂm-l..;m'rm{mmtﬁrm&:woﬁsaﬁﬁmﬂmmaﬁ
sy T |muﬁw&wmwmz(ii)wﬁ&cm(ﬁi)mﬁ%mﬁmmaﬁﬁl&l
mﬁwa?aaw,%a%msﬂﬁé:mmm

p.=%amaﬁfwmx%ammm
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38 zdrg ww EEEE YA
¥ &1 TE o

 ¥m = a0 e x YH W o W X
= 0.75 x 9.81 x 1000 x 0.6 = 4414.5 N/m?

= f_%l:‘i =0.4414 Nlcm2
1
@ F & TR ¥ T A F HR T d,
p2=qFﬁﬂiTmo o X
=981 x 1000 x 1.4

= 13734 N/em? = -1—9—7-%4; =1.373 N/cm?

o = T

104
() F ¥ T W TA@ e,
p=p,+p,=04414+ 1373 = 1.81 N/cm?
(i) e 7 & fF
P e X Hiwa) = Pewr) X H )
13.6xH(m}=lxl40 (Hyrp = 1.4 m= 140 cm)
140
H(WT) = -1-3‘—6— = 10.294 cm
(iii) Ht) = !:

& p= A A TR W 7@ T = 1.81 N/em? = 1.81 x 10* N/m’

1.81x10% _
Heat = G110 0
nuﬁaﬁn(ﬁmﬂ’mﬂaﬂ F99T: 0.5 m T4 0.7 m
)mﬂtaaut,m(b)a‘aﬁmﬁavﬁ'
wdt 941 1 m dYét g at gt @ aelt

I

Z2TETT 2.10. TE @i A A
mtriasﬂifluf‘a%nmmﬁmmo.sﬂai(a

w T dEa I wifea) (39 faF 2.5) (c) afZ Z&1 2 m

wymmﬁmuﬂﬂi:
m—(a)vﬁésaaﬁgm%maaa%mmﬁmmzmwm T Den: ol
gE e, 0o7m | | @@
pl=ﬁﬁ$l3ﬂo ﬂﬁxﬂaﬂﬂ?ﬂ‘f %F th E
= 0.8 x 9.81 x 1000 x 0.7
= 5493.6 N/m? Oj’“ b
e D

(b)z'aﬁaﬁat-ﬁapvtaﬁtﬂm
- 99 F FNU TE x T & FRO TE

— 5495.6 + Ul @1 SMufarER 9R % gt @ o
— 5493.6 + 9.81 x 1000 x 0.5 = 10398.6 N/m’ Fw
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(c) z‘uﬁwﬁaﬁhmgram(’rotal Pressure)
P = 23} &t aeft W T T x aeht = Avwer

I | =10398.6 x 2 x 1 = 20797.2 N v
\
- QT8 T H{IGT (Measurement of Pressure) :

(1)ﬂq‘ﬁiz-r(Monometers)—ﬂsuxﬁtﬁ-qtmﬁﬁmﬂmmmﬁ,wzﬂ

tmaﬁmnmmmwm(ﬁimm} T & ¥V ¥ §ge (Equilibrium) §
T q@ AR ¥ TR B R o w oy

(a) WMEROT AiftET— (i) itz (Piezometer) (i) U-7eft 38miez (U-tube manometer) (iii)
U T Z9-T=R - (Single column manometer)

(b) aﬂ{i‘ﬂi ECRAL i (Differential manometers)

(2) A AN (Mechanical gauge)—7 55 RESRREEC -l E S R R p— A, 39

%9 % @ W fom @ s "?R’f{springordeadweighls)m'ﬂﬁﬂ?f‘fwwﬁm?—
ERES ]

mmm%mm%ﬁaﬁmm(ﬁecise)?ﬁﬁﬁlwmumﬂaﬁm
TFR F—
(i) €T 7o T@ W (Bourdon tube pressure gauge)
(1) SEAHH TE TS (Diaphragm pressure gauge)
(i1i)) 396 4R TF 5 (Dead weight pressure gauge)

T 271, 3@ Tewndt @ Y (Manometer)
o &tﬁimgﬁ%ﬂtﬁ@mm(ﬁn&maﬁmm&maﬁmmmm
& @in%mmﬁgﬁammmmmmtn
'y Manometers are pressure measuring devices use
by balanci

¥ -2 e o ga-aEd U

2.7.2.tﬂ=lfrvﬂawhmnarmﬁar-ﬂ
hﬁﬁﬁ?m,mﬁmmmmt,ﬁﬁﬁ%mw*wtfmm
W R

“A piezometer s the simplest Jorm of manometer which can be used for measuring moderate
pressures of liquids, "

Tl R Yaw w8 e e
D

(Piezometer Tube )

I



ﬂmmﬁaﬂwﬂ(mﬂmml.scmﬂ, .
qa-ﬁamqa:ﬁmaa:uﬂﬂm,mmﬁﬂﬂmﬁmmmeﬁi,Mmmm

?Wiﬂﬂﬁﬂmﬁqutrﬁﬁaﬁﬁmmr@mimmﬁ%wﬁmw
ﬁﬁaﬁ}mmmﬁrﬁaﬁmmwﬁnifu'&ﬁﬁz.ﬁ(a).(b)w(C)l

FEUEHY T
T b
o ﬂ
h-[% h=%
[
Xt-—m— e —— - X-—aa et — X
i 0
LI
(=) (b) (¢)
fax 26—tz Tet
ﬁ?@ﬁﬁgmm:zawaﬁﬁﬁaa’rwﬁg%ﬁ@
h=2

mﬁl%ﬁﬁﬂﬁzﬁﬁmﬁmaﬁaﬁaﬁ?mmaﬁﬁ?ﬁaﬁtwﬁﬁ%mﬁ%
aﬂfﬁﬁaﬁﬁhmaﬁnﬁm&mﬂﬁmﬁwqﬁmwm‘lﬁaﬁtﬁaqﬁlﬁm
aﬁﬁﬁ'wmmnﬂﬁﬁﬁaﬁma@mﬁm%ﬁmﬁwm%lwﬁ’l

wq@ aifd F75 7@ (Low Pressure) §t 3% @ 78 419 7 21 .

2.7.3. WEROT U-Teit ¥4 Z@Amdt (U-tube Simple Manometers)

wm-m,mmﬁwaﬂuﬁ‘u*m&mﬁﬁmmmh i
ﬁmwmmmmtﬁﬂwﬂmuﬁﬁmmmhmmﬁmw
# g g & am U-7eh § A Mo To AE IUYF FA W F § S TG 79 &F WO
geaviter aen framiter 7€ g

“4 U-tube manometer consists of a glass tube bent in U-shape, one end of which is connected to d

point at which pressure is to be measured and other end remains open to this atmosphere U-tube filled

by a liquid of high specific gravity.”
U-7eht Za-zEmndt @ Zw wwd geg foa Al @ e TEEt § e e
1. T& & & |t fagsl W 2@ g9F g 2
2. g4t g, UF 1 AW A SE F ve) §, e Ry 9 wifed (FEW & fad)|
3. e SR FARA & TR § ¥4 1 9
4, U-7eft B, 981 W @ 90 @ I fat § geliwo w1 g HE fed]
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S.ﬂﬁmﬁﬁ(aﬁmmms’l)ﬂﬁ%%ﬁgmmmmﬁﬁmmﬁm
ﬂﬂ?ﬁ‘tnéaﬁwe(W)ﬁwmﬁﬁ.aﬂ?uﬁmﬁaﬁm%ﬁﬁwmmma
ﬁlmmﬁqﬂﬁﬁmﬂﬁ—vc (e ) faaar =nfed

Wm@ﬁﬁﬂgﬁmm-wﬁﬂnﬁmﬁﬁaﬂmmmmmﬁqﬁ:ﬂm

ma‘hﬁwﬁn(mgebraicsum)ﬁmﬁmmaﬁm%mﬁmmmmmaﬁ
TN W g 2

(i)mm%ﬁrq—%@ﬁaz.nanmmmm%ﬁgAwmmm‘&xx
T AR T ? S o fam o femrn mn 2

(a)

(b)
fox 27— yeht @ TrarHTdt

hl=U~=|T—ﬁElﬁaFﬁ'ﬂBTﬁ'§H?ﬁfBﬁmR}@Tﬁ3:?r§
h3=U—ﬁ#}wgwﬁr:ﬁaﬂﬁm%@r@“ﬁ:§
h= 989 ¥ g9 % 2@, (W % Wi F wy )
S,=3@;§a(mmm)maﬁfwgm,aﬂz

Sz=mﬁaa(mmqm)maﬁqum
U-7eft =t st aen <l ;

h+ WS, = h,s,
. h=hyS, - hs, i)
(i) HUTeTR T & feu—y fay 2.7(b) :

Uaf«ﬁffawn’r@x-xﬁwarﬁgmﬁm

:h+hlSl +h252
WWWA’—X@WE@WﬂW:O
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A TWE TH TR @A W,
h+hS, +h,S,=0
o h=—h,S, + h,S) (i)
WW"Z-II-WWW*:@RMmmmm)mﬁﬁm'@Simple
manometer WaRT f&a1 AT Manometer %t afedt o ag # qh L afrr ard 9 Pipe
R T (Connected) 1 MR o & wkt & @ (Column) 1 ST wX WY & A g %
@t level ¥ R, mﬁwiuﬁtmﬁi‘nmmmtl Pipe
A Wi
T N/em? ® ot 3@ @ifQ)
w— fag C W@ = IgAvsEd T
=y (9 @ & o)
fag B R T™=13 x 136
= 176.8 cm (A1)
fag 4 W T\,
h=fagx B W I™ -13x1
=176.8 - 13
= 163.8 cm (WA
= 1.638 m A T TN
21" diFal = 1.638 x 1000 x 9.81 N/cm? (.. p=wh)
- 1.6 N/em? (= g@) W fux 23

A wuﬁtmﬁqmilu&
m'}afaﬁfimsocm,mtaﬁ&wﬁmﬁ?ﬁmtaﬂwmmuﬁﬁﬁl
uﬁmmmlow@lﬁammcﬁmaﬂﬁal mﬁmﬁawﬂ'ﬁmmwm ‘

FE—TF 4 T TE 4 & aI T F Ao Fo 5, = | (CGS
s §), #AT IR F He To, 5, = 13.6 #1719 @ hy =30
cmm#mmwmﬁgsﬁmAﬁaﬁrghz:

50cm € @,
fag 4 T T, b= hys, + hys, TR S A
ai, h=30x13.6+50x1

—458 cm () =4.58m (9rt)

a1, fag A W79 T = 4'58"13)20"9‘8] N/cm?

= 4.49 N/em?

mm:arqwzf-ﬁ'ﬂzﬁ+hzﬁ

=10 + 4.49 = 14.49 N/em? 3T

fax 2.9
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JTEW 213, TH 15 cm mmmmimmmﬂmmmﬂt'ﬁqnﬁmm
Tt 1 wEr faar m mwmﬁwﬁmmw“uﬁmﬁwﬁtmﬁlw
cm 3T R maaﬂwgmmmﬁwtmmgmﬂwﬁ&WQEWMﬂ
EX 1

Wwii&amwr&aﬁwscmtnmmﬁifmcmorwateruﬁmiif
T HA 50 T@ B Nem® 3 3HE A @ s 60

F—f9 2,10 W famw F0 1@,
g ¢ W 7@ = agmvest @@
=0 () (9 @ F fad)
MR B am=fag cwam + 12 x 136
=0+ 12x 13.6 cm (9F)

=163.2 cm (9H})
AR @r=fag B wam _6x1
=163.2-6
=157.2 cm (9r) 3T
2 e = 115(;’{')2 x 1000 x 9.81 N/m2
(v p=wh ®)

= 0.1542 kg, /cm?
= 1.54 N/em?* ("= <)

m—mﬁmﬁﬁmmﬁsl:i,vﬁmﬁmgmg:ms
fa= 2.11 %m.aﬁ'gmﬁwaﬁw’aﬁ
hl =40 mm = 0.04 m
ERIK R
h:: 100 mm=0.1 m
wx::mﬁm(w%sﬁé#w‘ﬁ)

mw%@,\’-x’(m)ﬁmuﬁﬁaﬁmmm
H IO FA W,

h + hlSI +- h:Sz= 0

7] h= ~(h,S, + h,S,)
==(0.04 x 1 +0.1 x 13.6)

fax 211

= -1.4 m of water
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a@: o @, p = wh = 9.81 x (-1.4) kN/m? = -13.73 kPa

= 13.73 kPa (Frafy)
Fareeor 2.15. faw 2,12 ® uw e wa wefim gmml,qrqmu-apﬂa‘nﬂztm
tummuﬁﬁtmﬂq\zﬂauﬂﬂ-ﬁnﬁui‘wmﬂmma w § @ e =t

fifgn @ &0
TE—() T U Wt h,=mx-xﬁwm=ﬂaﬁ37'a1§.s,=m=ﬁmﬁmw=l.o.

52=wﬂmﬁﬁ|!1[m=13.6
2 TE, FE X-X ¥ IR, T@ We H A T K,

I

h,S, = h,S,
a hy x 1.0 =150 x 13.6
h, = 2040 mm 3T |

mmﬂﬁmﬁﬁﬁéﬁaﬁ%mﬁtﬂ?{:

(i) W e ot R W (3@ = 2.12)
Wﬂ@ﬁymmﬂﬁmﬁlmﬁm

ﬂwﬂmﬁqﬁmaﬁymﬁwm%
} aeR @ Z-Z ®

wimzzﬁm.ﬁmaazﬂﬁaﬁmwﬁm

(150 + 2y) x 13.6=(hl+y+2000)x1

1.5m

e

qm
(Sy=13.6)

faw 2.12
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hy = 2040 mm T T,

2040 + 27.2y = 2040 + y + 2000
T FA W y=76.3 mm

T TR, T Rafy ¥ Hnfer #1 w@wiE = (150 + 29)

=150 + 2 x 76.3 = 302.6 mm
S 3d: Tﬁf—"ﬂ?{ 1 Y131 = 302.6 mm or 0.3026 m 3

mz.m.ﬁaz.lsﬁqmu-quﬁﬁzrmﬁmtﬁmww-mﬁﬂtmmw
ﬂrﬁa:ﬁn{mwtumm&'whmmmﬂv&u-maﬁzﬁuwﬁﬁnﬂ
& T W AW 10 cm B wﬁaﬁmﬁama{cﬁhtmﬁ'hﬂﬁmmﬂ’m
BT 1000 kg/m” T H § AR A W F A0 ¥ 370 Pown @ A

m—%@ﬁaz.mmtﬁmﬂwﬁmﬂamm #1 3R ¥@1 (Datum line) T 3 7% 774 vl

W (S, = 13.6)

1L BPRE

10
. =($ =S = 13,6—l)x—-—=1.26m
P =00 = ( 100

< Py=wh=981 x 1.26 kN/m = 12.36 kPa
ST W T X U W R R @y
iamﬁrﬁﬁﬂﬁlﬁxcmﬁﬁﬂmﬁl

w&::ﬁn'-z'ffﬁmmvﬂ&tahmmm.

- Y / — -
P_\ + “'“. [10 .\) i “.’"LIU 2.\)

I
“Wﬁwﬁmﬁqﬁmaﬁxcmﬁm'&

100 100
10~ 2 .
1000 + 1000 (_@EJ = 13.6{59[0_0%‘_]“000 (& w, = 1000 kg/m?)
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mﬁ“. x=0‘”m
W H T N T FW=10- 2«

=10-2x099 =802 cm IW
T 217 huaiu&wmmm(umiml‘m wra wifwd-() T
¥ oy W W T i) g A W Tw A W R arqvEE T
W—() T W W A, (o) — | e
qﬂﬁ&i 0-(13.6xw)x06=p_
p-=-l36x981x06 ¥ -
=—wkam 0.6m
i
miﬂ. pn=ls—5-x13.6x9.31
1000 U (S=13.6) 2m
= 100.73 kN/m’ @:—L R
(Pun) s = Py = — 80+ 10073 .
= 20.73 kN/m’ il
z‘dﬁqwmm(pi)-=zo.73mm2 —
I
i) g A W oW AW W GHE—A4 R T = Pos)ic + W
P4 =20.73+981x2= = 40.35 kN/m” abs
ﬂﬂtﬁ Fo A= p”+pm
' Pgange (4) = 4035 = Pum |
5 o Pomage (4 = 4035 - 100.73 = ~60.38 kN/m? (F7afq T9) J
aﬂ:ﬁg,(wwwuws - 60.38 kN/m? (Faf@) I |
mu&ﬁi:ﬁfnz.lstﬁgx.muwﬂa-mmmﬁaﬁmmns‘:
mm () & |
Mﬁﬂmmmmaﬁ%aﬂmﬁmmwm%—
gL (- ZAEW=2AD W=TAAT)
Fam D W Z@ W @ T3 W
0+05x136=wa=6.8m(’1Fﬁa?) (A W) T
P;b1¢AJ:p3mg¢+pﬂm
g = 735 136 =1027 (TR F)
Pam™ j000 ™ '
6.8 = Pyauge * 10.27
= Pysuge =347 (T %) |
_ _3.47 x 9.81 = 34 kN/m’
S

m:LWth:MkNlmz (frafq)
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90 (S=138)
= 115

(ﬁ)ﬁgmwﬁam—ﬁg,\;miﬁmnwm+3mm+uwm
=68 + 12x085+(15-0.1)x 1
=922 m (W ¥)

pgaugc + Paym = Pabs
Pgauge + 10272922

. Pgauge =922 - 1027 =~ 1.05 m (YA &)
=-1.05 x 9.81 =-10.3 kN/m?
R M w3 @ = 103 kN/m? (Faiy)

27.4. T® ¥ 7a-3@ W (G xw amend)
[Single Column Manometer (Micromanometer)]

fmﬂnﬂaﬁmﬁﬁaw#«ww“tﬁnmaﬁﬂgﬁ(&vn)mw

qi

HAd:

| Y W g s #
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2.7 4(1) T& WV FUTE FTE-Fr@wdt (Single Column Sensitive Manometer)
«Q fas 2.16 & @ T R 59 TEEnd @ U-Tel g, F HE
Za-TENd W IR F TG T 9@ TS T
(Limb) ¥ 12 1 8% THA [N F F1 & 46
1 @IV 100 A @ I R T FRw s @R
Set areht Yo ¥ FEa S Fad A vl @ e 2
i, Ak A 7 FH TR AA T F Fe T AW

FUW: D AN 4 @ @,
AT F FEa ¥ oREd
= W FIZ AN Yo F G ¥ RaaA

T §sz%mqa;aaﬁwﬁaaa

=§d2 x T FIE A G F al # FW
5 fax et 7@ gt
i Ep*xL = Zd*xl 2363w wob Yot
4 4
2
a L=(i) x1
D

e d=1cm @
D=10cm T& 9@ @, :
i |
100
WWRmem%fmﬁ;aaﬁfammaﬁmmm%ﬁmﬁ
vafery A felt o ag # R o R
#@ﬂﬁ,ﬂzﬂaﬁﬁmmwmaﬂﬁm,
9T 4 T @ = 4fgd § 73 @ B W T 55,
= 1,8, - h,S, (T F T & T H) 1 i

27.4(2) T Aferr gaTét Fa-gEwAt (Inclined-tube Sensitive Manometer) !
ifaqmz.nmﬁﬁméﬁlqmza-zmr@shﬂmﬁ?ﬂ%mﬁsﬁﬁmmwﬂgm |
mmemW%ﬁélmm-mmaﬂ%rmemmmﬂamv-r@mamm |
(m)mmwmmmmﬁfaﬁ:ﬁmﬁwﬁamm|
Hér # a1 o faa @ =@ 2,
firg A W oA = afg A 5@ 7@ T - 7S
= h,S, - h,8,

F & el gl




i;J-zsine a h|=lsin9

ﬁﬁAWE’ﬁl,h:S,lsinB-—th‘z (T = T W)

F—2fan o3 2.17 ¥ i weArER, $=1.8,=136./=5cm 3w 0 = 12° 3| 37:
WY A T, h=13.6 x 5 x sin 12° -6 x 1
=13.6 x 5 x 0.2079 — 6
=8.137 cm (WMD)

T Y 2 e 8.137x1000x9.81 2
100 x 10000

= 0.08 N/em’ (1 =)

T—fo — ww ¥ g = e Td, 5,=08 £
T e w5, = 136

AT T Swa 4
T g W A g o 0
TR S W 5w s, h, = 300 mm
S g Y R s hy = 500 mm

Ll h= 99 N T vig

a9 ) = %-hy(sz—

S+ Sy~ hs,

e - e—



50 Tl W e EHAGTEQ
42 % x $00(13.6 - 0.8) + 500 X 13.6 — 300 x 0.8 mm (Tt %)

= 64 — 6800 — 240 = 6624 mm (TR F)

= 6624 m (TR F)

3a: TE, p=wh =981 x 6.624

- 6498 kN/m? I 6498 kPa

i p = 64.98 kPa =i
mul.ﬁlzwimﬁmmm,miﬁﬂmﬂ“‘*m@m
il Tt @ @ &) U A T @

nt.lﬂmﬁmmtmmﬁmwt
wifea
m—ﬁmt—%:m.s,:n.sfns_e

1
T

h2=ﬂcm

faz 2.19
|
|

g iy, + Sy = Sy * %(SzeSI) k,

h, = S;hy~ Sihy + %(sz-s,) x hy

=136x8-1%x5+ —]—(13.6-1)>:8
40
— 106.32 cm (Ut %)

27.5. 92 gam a1 g z-zrawTdt (Differential Manometer)
ﬂmmﬂﬁﬂwﬂ-miawﬁfmﬂﬁﬁwmﬁtaﬂam&m

= 7@ w0 & fog wEm fora oma &)
es between two points M

“A differential manomeler is used 1o measure the differenc? in pressur

pipe or in two different pipes.”

£l




ﬁmmmﬁwﬂﬁm%mm s b
fr yR & 3R ¥— 'T"'“"_‘“—'f‘
1. @ darftzr i T@UTG (Two Piezometer Tube o

Manometer)——-?}f@q fo 2201 39 zETd 3 = | - p—--—l'
N H 37 QA fargall W Hrer o 2 o W aEER @ M
FO T 1 7 T AR e ¥ g w4 g hy

'q'l'{q
A "\ B
Aol ¥ = 23 ot a8 w2 l ) L
A 3 B fagal W e, : -“Lg-—--—- . -——--—(g—"--
_ _P_ P B , 3y £
M=h-hy= S-S (za S e % W) i

2. Wiet U-7eft Ng-guw @ g za- aEmmd fam 2202 doindter Toht zmrand
(Differential Manometer)—39% fa3 221 % FER

ﬁwﬁﬁaﬁ%ﬁammmm%aﬁwu—ﬂﬁmaﬁﬁg%ﬁs U-7et % =1 9 a0
Ho dell 59 7 2 @ fEF A W SR e e T )

201wt U-Teft W2 gus v qrmmd
AHB%NHWW:AWEW-BWW

=(hS, - C | T@) = (=hS, - hS, - D W TW)
==hS,+hS, + kS, (v CRIE =D |IW)
= hS, = Sy(h, ~ hy) = hs, - §;h
=h(S, -5, Tt # a§ ¥ w@ ¥

V@?%A ﬂsmﬂmmﬁﬁmﬁﬁmﬁnnmﬁam—mn

(T W T F 9 W)
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3. 3@ U-7oft NR-guw xu-gwendt (Inverted U-tube
m:.ntmmmﬁtmmmmmimm
tmmmmnomnwmtmmuﬂﬁﬁﬂm*mwwm |
mthammmmwmqunamﬁnmmmmﬂm*' |

AT B ¥ @ T H=ANTI-BRNTA
)-(h282+hS,+D‘TI€Ta)

Differential Manometer)‘—m
T U-Teht & Rl N ST

=(h,S,+ C WTH

= h,S, - hyS, + S, .
=(h|-h2)5'2+hSl (‘.‘C‘Rm=D"ﬂm)
= hS, + hS, !'
= (S, -5} (T Ft S F T H)

fux 22—z yh deges Ta g
iz A asﬁgqxﬂéﬁamﬁﬁaﬁtmqmﬂzanmmﬁ,m=ﬁaﬁ%aﬁﬁj
¥ I x ZA % Ao "o H FAW |

' mmhwiwﬂz-mwmmaﬁqaﬁa mBWGﬂmwtnﬁqu

ummm’tnﬁqawmmmuﬂﬁ&l

w—fea ¢, 4 9 7, p, = 100 kN/m?, 17
”: Aﬂttﬂvﬁi,hﬁgl%%:w.zm F
| A 4T
WBme,ilm:wmwi:fi e @ XX @ T 7 v e A W

w |
i o 4 g/ . | |
Z. 2'
B

—“




S 9 IGF AT §3

; . 250 150
= 0.85 13.6
T oS A T ving h8+l OIS e

= B+0.212+2.04=h3+2.25

SRR CR R Re—— R,
10.85 = hy + 225
£l hg=8.6 m
Kiss! hy= 22
ﬂ. w
Pg=why
Pp=9.81 x 8.6 = 84.36 kKN/m2
A Fq Pg = 84.36 kPa I

1 wﬁammhﬁtﬂmmmmmtﬂ2kgkmzﬁmtmtﬁ=ﬂmm&|
Eﬂuﬁmﬁaa#wmmﬁﬁmﬁﬂhmmtmﬁﬁnmmmtm%
L LI [ '

1 W mmtwmtmmmmmmmtuﬂﬁqmtmt—

I 9w it HERIE] (Bourdon-tube Pressure Gauge)
2. B HERIE (Diaphragm Pressure Gauge)
3. S99 R T W (Dead Weight Pressure Gauge)

-‘_

L !



54 wEw W AEEE g
2 AT 3 ferd

Fwﬁtmw.nmuﬁmaﬁmasmﬁ,mkgfkm j 2l
wﬁmin!’fﬂmﬁﬂhmmwﬂtﬁﬁuﬁmﬂwmt ot I frafa & +ve T TW
g w® 3¢ A AW (Compound Gauge)
sa

1. Wi Teft g AH (Bourdon-tube Pressure
Gluge)——‘ﬂlzﬁﬂrﬁig?lmﬁmiﬂ
Jael- WIT AT ® 3ferw YO (Sensitive)
f o 1 TR TE F W S @ F
mmﬁmmﬂﬁﬁmm
i 31 A @ T W A TR &) W T T
Wﬁ%ﬁwm?ﬁzﬁ#mﬂ:ﬂﬁﬁﬁ
€y o 21 TR H oM A 3@ & I T
s T T W (TR SOEER & )
mﬂwﬁmmm%wﬂzaﬂaﬁﬂmﬂﬁﬁ
et 2 forad FRw e § ¥ gen Sy e
(Elastic Deformation’ Jdd iwifwa =@ W &
W@g{aﬁwérﬁﬁﬁmwﬂmﬁﬁﬁﬁ =
(Pinion and Sector Amngwmt)mgz?ﬁlﬁil fam 2.24—aNdw Tl T AT
aﬂaﬁaaﬁ\maﬁqé(m)zmmmmwmmil

lmmﬂwmhphngmmnmuge)—wmnﬂﬁmaﬁmmtum
Wamn(mgmd)mmﬁm%@mama:ﬂaﬂﬁamm%(mﬁzﬂéﬂ?ﬁaﬁﬁ

sy W 9% fasfm@ (Deflected) 2 21 TR

ﬁaﬁﬁﬁt)nmﬁmﬁﬁawélmmm t
m&m@qﬁﬁq@mﬁlqﬁmw%ﬂqﬁ
{

fasrqq fore it aera (Link and Pivot)
mmaﬁﬁmﬂtlﬁw&mtﬂmmtmmaﬁﬁdwﬁmaﬁﬁ%n |
(Pointer) : fafea |
(Pinion) ‘
K ;
2gd ‘
s (Dial) !
f&w !
(Diaphragm)
fam
(Spring strip)
$
L wawr (nlet)
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qE qAM IGE UG 5§

3. AW W I A (Dead Weight Pressure Gauge)—8 75 = gern ¥ y& v } Wy W
mﬂml\mtnmm%ﬁswuﬁmﬁmﬂwaivﬁﬁmaummaﬂmhm
E@Wwﬂ?ﬁmm%ﬁmm&mmmmtsﬁﬁmmm%mmm
iaﬁimaﬁwaﬁﬁmmmmwﬁgﬁamtlwm,

ﬁreqmrmﬂmmmmﬂ')=zwm
frza # #2 =1 Fwa cm?) ¥ 4

7 g i
o=
— fasivee

foa 2.26—3w@er W zm A
mmz.zs.ﬁ'&ﬂ'&ﬁmz.zvﬁmmﬁwﬂmwﬁmiawﬂmmifm
reading BH{t?
w—mm%ﬁmﬁwmmmmmmmmm
ﬁ’ia?f(l)am(z)wfaammcmaﬁmm%mﬂm
Mcammmmm-mamamm»mﬁ
‘q'rq'30cmﬁﬂﬁ3h@ﬁvﬁaﬁﬁaﬁ%qa(tem)ﬁwésaa,

() 2) ¥ Tamm=x (5, - 5,) ..(i)
ﬁﬁ,x=qﬁﬁiﬁﬁw

2

T H TE “p” =

Sy TS, T W TG IR F 3o o (sp. gravity) ?
T T () ¥ A @ W
30=x(13.6-1) ey A
kLl x= 1_3% =2.38 cm (YTY) I fax 2

W T A® T ¥ O @ A

| T & w0 A warn v mn WO UTES ¥ W 3 N/em? it B AfteR 0.5 m TR = T
| FE—STITER o fo 2,28 ¥ srpER )

3 'CTW=A‘T{W-BW3W

=[(x+05) 1.6 + C W 7M@) - [(x + 0.7 1.6 +0.5x 1 + D W TM)
=16 +08+C T - 1.6x-1.12-05- D W 2




§6 zdm Tm wEEw g

™ CRTE=D W T
T = 0.8 ~ 1.62 = — 0.82 m (W)

fax 228
(~ve) fag =1 314 ¢ & B WY F 4 WY A T e mﬁq@mﬁzﬁﬁ%“él
Tt = - 0.82 m (WF) =-0.82 x 1000 x 9.81 N/m? 31l
- 8‘::';'2 N/cm? = — 0.8 N/em?
I {qimaﬁ'm:mmu)ﬁmw.swcm?
IW

-3+ 0.8 = 3.8 N/cm?

= 9 @t g 7 O’ W
w# e Z&t B A frewa @1 &9 79 20 m Fag W
0@t 71 frg Sag © #

vﬁﬂﬂaﬁ'ﬁMamNﬂimaﬁm%ﬁhAﬁﬂﬂ

ga—faq 2.29 FAER F9E ¥6
e h ¢ IR I B A YE FE T,

D W @ =(20 - 3) x 1.25

Cﬂm:Dﬂtm-—O.le.%:(ZO—B)xl.25-0.5xl3.6

|

MW 'ﬁﬁ=C'-'R'¢'ﬁ-(h-3.5)x0.8
=(20-3)x1.25-05x 13.6 - (h-3.5)x 0.8 |

=17x125-68-08h+28=0
M W 2@ = agavedd g@ =0 (4) (i =@ % fed)

B 17xl.250—-86.8+2.8 ~21.55m

h




TA— Wwﬁwﬁﬁ%,hl=3mm
Wﬂmﬂwaﬁm,%:lmmm

FH T (S=0.8)

. R
i j %wOmm
F1 100mm ‘11=ﬂ{82=1)
TR (84 =1) S00mmH |
dan
i1
hA=2m(‘1Fﬁ *)
| faw 230
archﬁmﬁm:aw:o.s)m‘iﬁmé. h= 150 mm
I T AR T, by =2 m (T )

Sl‘Sz"_l (‘Il‘-ﬁaﬂﬁﬁmqﬁ)




g8 THw W FEElm FEtE

TR CRE e POE R LR R B R
300 x1 =17m

) e

1000
Tl g ® aaR YEn XX ¥ R g W= by - h,S, - AS
100 150 08

x]-—X

1000 1000
= hy—0.1-012=hg=022

Q- F R 2 TWE T W & W/,
l.7=h8—0.22

= hy -

a hy=192m LA
T pg=why=981x192=183 kN/m’
= 188 kPa .y

sz 2.27. fam 231 ¥ frgrt T ww gw W & fag A maﬁmmuﬂﬁﬁl

m—oa-p,pzaimmmm%w,
A«m+.\fvtm-(Um;fmm)a,(wmm)memm

P4 o 15xh-015x08+(0.15+02-hx15= Ps
w

“!

74 (S=15)

za (S=1.5)

faw 231
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B4 4+ 15h- 0,12+ 0525 - 1.5 b = f:-
w

tﬂ M=-0.405m
w
(")h“mtﬁp‘g)pm

. Pg - P, = 0405 x 9.81 = 3.97 kN/m? I

mz.zs.ﬁazsziﬁm&n&m-ﬂw%mamuﬁﬁmqmmuﬁmu&na
= fagx o I - 18 kN/m? B

TA—% B & fo o (5)FraEm L W T = M W Tw
-18 + (1.5 x 9.81 x 0.6) = p,,

Py = -9.17 kN/m?

M —3%3 A(S=15)

fax 23
fag M am U%maramm%ﬁrémmmm%.m:

Py=Py=-9.17 kN/m?
NWRT@=T w
T fag T W Ay woesn @ @

SE|

Pr=0=py
a Py=Py+Sx981 x08=0
0=-917+7848 §

§=117




60 T Tw FEEy gt
| manometer) T

O 2.29. UE U-2gw ur fawdt dAvdizT (U-tube mercury differentia
ﬂﬂﬂﬂtﬁumhtwmﬁmﬁthmmt'mmw
T () gt @ § e et ot 26 cm & (1) dgAeT U & T AT
&= R 20 cm W ¢ Tw ey W wEets 10 com b

Hl"mmt—ﬁﬁazuﬁamammmmﬁ@“‘-

P+ wy=p, +wy-025)+ 0.25 w,,

Px—Py _ 0,25[3'5_1] =0.25(13.6-1)= 3.15 m of water

It

fam 2.33

(ﬂ)miqﬂlﬂztaaht—iﬂraaz.yﬁgma(z)qzmwnraﬁqz,
p,+uy=p,,+u(y—o.2-o.n+o.1 W,
=py+w—0.3w+0.l W,

fax 2.34




SH 99 IEHE oues 6]
P:-p,=0.1w, -03w

Pr7Py _o1% -03=0.1x%13.6-03
w w
Px=py = 1.06 m of water
w
e

S0
(W +300) _ :

_________ £ i, |
gx(o.:;)zxmoo $300

_ W +3000
70.69

W x, W T ey 20_9.31“0(:%00.75;(0.5

=20 - 3.68 - 16.32 kN/m?2 fax 235
M x, A9 x, W 7@ T 3

W +300
79.69

=16.32

W+ 300 = 16.32 x 70.69 = 1153.66
W = 853.66 Newton

I
mzm.ﬁamstmumiﬁaﬁnﬂa,ﬂlﬁtﬂamﬁtﬂumtl =
mmﬂm(Awr)-o.skg/cmzﬁ,u‘rmEmFﬁnuh A SN a W U-=qm
e = -
1

| W20 2361l ¥ T = - 0.3 kg/em?

=0.3x 100 x 100
-"'-"_‘—‘——-——____ —
l Jm (9F ¥)




T
‘J
I e W
@etetsm) —

i ’Imﬁnﬁ 10m)

fa= 236

=1m(m=ﬂa;)=.0_1.8-=1.25(%aa:)

fam £ § 39 # g =20+125=2125m

15mﬁlﬁwzzﬁ=-3+(25-20)xo.s+(2o-15)><1
—6m (I &)
Fa: S FA TR F @ # FAE=15+6=21m
mu-zqaﬁwﬁasaeh‘mﬁavh%l (%ﬁ'faaz.%)lﬁm%f%fm,
aﬁgmﬂ’m:zrﬁamﬁzﬁ
15m+ UF I T@=hx 136
6+(15-]0)xl=hxl3.6

11 _ 0,809 m = 80.9 cm

h=s —

13.6

—
———
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.wmmmmaﬁ&mﬁaaﬂmmml
,mmmmwmmmﬁmnﬁmmmmﬁmwﬁammﬂm%

TE T IEE WO 63
Tt

(UP 2018)

TR B 2
%3 Bk ar 4 am P T &
mvﬁﬁﬁwaﬁm%?mmmmmﬁmmaﬁml

mﬁ%m-mﬁqmm%m-ﬁiﬁmmmmmt?
=S 1 Fram wwem

e % =it S (applications) vz

(a) hm.ﬁahmmmmaﬂnﬁmfaﬁyaammmwm@ﬁnﬁmmhﬁm
Y[ 7 Tt 82

(UP 2005, 07, 08, 09, 10, 11, 17)

(b) =1 F: wogma— (UP 2019(s))
(i) T AT (Pressure intensity) (ii) T M4 (Pressure head)
(iii) 9 T (Gauge pressure) (iv) fafd 2= (Vacuum pressure)

(v) fa 2@ (Absolute pressure)
mw%mmm|mmmgﬁaﬁmmaﬂml

- ST ¥ 9 i e F om0
. %mm%?mWEMmmWMWmﬁﬁﬁw:

(UP 2012)
(i) T T a9 A =7 (il) T 7 a9 FHnfey)
(i) ez qgn 2 )

ﬁfwm%mﬁmﬁmaﬂhﬁml
TF 987 Tef <@ (Bourdon-tube pressure gauge) ¥ HiE Fvf7 FHifwy
mﬁﬂﬂammvscmmiusﬁNfcmlimmmﬁmmﬁﬁmmu

(IF—10 N/ecm?; 102 m)

T 237 A A www Y 4w @ T F (IT—1.236 N/cm?)




64 THm aw Wy yefEd

w.mm:.saﬂﬁmﬂ,qmgam.mmuaﬁiu 2 17 Nlem?)

(W—-RQ% N/em*,

fam 238

20. wmiﬁmmmwﬁtﬁﬁWMWmﬁmwmﬁm@aﬁaﬁEms?fff“ﬁ

uﬂiﬂimmo.smﬁamiﬁmﬁammﬂmﬁwﬁhmlan?«a“wmaﬁ?lﬁ
i (F—4.5 Nrem? @1 14.3 N/cm?) |

21, fam 2.39 & feam T wa A g 4 Wz 7@ F (IAT—-2.63 N/cm?)
mMﬁ@ﬁgmmmﬁwﬁﬁmmf

22. fauz.wﬁwzmmamsmﬁmﬂm
i‘?mmmﬁmﬁmmﬁlmﬁmmwﬁm? (Fa—4.21 cm) |
‘a‘rﬂ"f K |
s rATEe |

fas 2.39

@H(:ﬂoﬂousﬂﬂmti@wu—?ﬁﬂﬁaﬂﬁaﬁmﬂﬂ

drz m %1 afa 4 A B T AW 2 5114 Nfem® & @ aargd
(FAT—17.5 cm)

23. wmﬁtmﬁ'ﬁﬂavuﬁsiﬂ
ZHI fR MR A 40cm A WA T BT
Trindtz gra @41 9iedi% (Reading) o grm?




TE A9 IEH A 65
.28 N/cm?
24.ﬁ12.4|ﬂf&wranﬁmﬂﬁ§a#4a3a:mmmmﬁﬂu (IMT—0.28 N/cm?)

AT =120

o 2.4
25. mcmﬁ%mmﬁﬁn#wm—

(a) WX I (3710 Ho =0.8) ¥, (b) WX vt & (c) WX ffrad™ (3710 wo - 1.3) W)

(F—102m ¥4, 8.16 m W, 6.27 m fergd)
26. 0.8 Mifer e

(specific gravity) arey ¥ = TEUE T Fifew, 5 f 24.525 N/em? 3 zra ditaan 3eqs
A R TR ] e S -9 (pressure head) Wt 3 F)

(FR—3125 m (¥9), 25 m (9rh) )
27. fa3 2.42 ﬁﬁ@r&nﬁmﬂum Nhgaif%a?ammﬁaﬂml

(UP 2007)
(IM—1.1405 N/m?)

ba\ x

cn




66 rmmmmmﬂ

23,mmﬁmﬁﬁmmﬁmmmwtﬂniWthtn
3@ WA TR A Zﬂkhmmtsmmmhﬁqmﬁﬂmﬁw%k

s iR 750 mm WA TgM &M RN ¢ 3ifFa T T (mm
(Fw—1162.24 mm of He.

¥ (ap.T. =0.83)

s A 2%
pamammti

qt &) freferdl (U 2004)
1012.34 mm of Hg)

12cm




3 el T qaTe
Chapter (Flow of Fluids)

=1

§ 3.1. 9= (Introduction) :

ﬁmﬁmﬁaﬁﬁwmﬁmmﬁwmm—ﬁ&mmm—dﬁaﬁ
(Hydrostalics)aimmﬁﬁmlmmﬁ@ﬁaﬂ’fﬂﬁ AT H I FEER F AT

MR S8 % aRR F1 T 5 zm-nfiad (Hydrodynamics) % 3r=nfa &t #)
§3.2.3@-TTfeent (Hydro-dynamics) :

1. Wmﬁaﬁm{vismsily) %Eﬁmmwff ST Hefuy
z.maWMm(WWWﬁwm)%wwr
W-Mmmmmﬁm.m-maﬁ
‘ TR NEavTE
- ﬂmﬁm

67

R T——
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§ 3.4. X Tt (Hydrodynamics) % foar=i:
1 freffefen ¥—
|78 % W ¥, ‘wen &t sfenform w fe= (Principle of Conservation of Mass), WH
R W Hige T (Continuity Equation) T
2. st Wt sfEferr & fer= (Principle of Conservation of Energy) & & AR W
il WY W
MR W T

3 wan- sfefvrn &1 = (Principle of Conserveation of Momentum); Wa;
dam T Fram R ™

nmmﬂmmanammﬁmmwmmmﬁmﬂw ;
|

tmwmﬂ(m)ﬂmmmt:

§ 3.5. WTg 1@ (Lines of Flow) :
u*m%mmw«(m)%@mﬁwmmﬁ%— |
1.whmun)—mt¢minmmmﬁnﬁmﬂ'lﬁmm““ |

wo §, w% fed sw = vw e sy f
A path line is the path followed by a fluid particle in motion.” 4
m;ﬁwamﬁmmmwammaamaamamm (2@ fA 3.1)
zmiu(sumumnmi,mwmmmﬁmwmﬁmT

ﬁquﬂ'ﬁﬂvfhrrm)mwimﬁgmmmaﬁﬂﬁnﬂﬁmmﬁ

|

e fam32
A C E
,8 s vs
8;' sl - 5
e By v v4 |
fax 31—3w @ fax 3.2—am @
anypoin{?

« 4 stream line may be defined as an imaginary line within the flow so that the tangent at

on it, indicates the velocity at that point.” !

wWW,ﬁnﬂaﬁnﬁuﬁmm%mmmﬂaﬁﬁmﬁﬁﬁi%lmmﬁ%mﬁ
wmaﬁnﬁ!mmmmponcnv)wmaﬁ?mm ar T % ey 39 YAt T & ga
&H:ﬂﬁﬂmﬁ—@i?ﬁ?ﬁﬂzm

mmmmmtmmm(pmm)mmm@mﬁmm 3.3(a) 9
() ® fead T &

n%mﬁmﬁmﬁw—@mmm anfaa(inwrdcpcndcnz)ﬂ?ﬂifawraqa;ﬂm
mmmtammamﬁm&mmm«aaﬂu arasi =1 fem 7 4
mmmtmmmmﬂtmmﬁw&mﬁm%ﬁmﬁ
fax 3.3 @ wE #a@ 2

_—




aw

30y
i st PPl -
gt;’:g‘ o ﬁ:;gl
——!——-—_/
v :\-_____:__
fax 33
aﬁma.lﬂwmmm—m%wﬂmfﬁmw%—
mqrs.l—-wimmmi‘mim
% W (Path-line) UTT @Y (Stream line)

1. ﬁ%wmﬂmﬁmnﬁtﬁmmtl

3.%ﬁmﬁaﬁw%mﬁw~qmaﬁmm

2

4.m%mmﬁgwmwwmm
maﬂﬂﬁm—’}ﬁmaﬁwﬁmmél

l.maiﬁaﬁ’rﬁiﬁm:ﬁmtﬁuﬂm
ta )

z.wwﬂmﬁwm&mﬁm
F 2

3.amhﬁmw§sﬁm\wﬂﬁmﬁ|

4.mmmﬁ§mmﬂmmtm
Wﬁﬁwmwwﬁmmﬂﬁﬂﬁaﬁ

’\—-’—_\_’-"
Fx’\_/
’\_/_\-/
“@/Mﬁw

(n)

faw 14




20 dm am e S

gro Yuia e = frovean Frefofan ¥—
(i) mmﬁaﬁﬁaﬂﬁmm@wﬂﬂﬁmaﬁﬂm@mm*m
aﬁwmmmt.m

(ii) wm*mtmmﬁmﬁmﬂﬁﬁﬁ
mﬁm@imﬂm-mﬁmmﬁit

§ 3.6. ¥a-WATE & V&R (Types of Fluid-Flow) : |
ﬁtmmm(mmm)mm(velocity)ﬁﬁﬁlﬂﬁa‘mﬁﬁa‘"ﬁﬁ“ﬁ'
W—Wﬁ%ﬁmﬁimtmﬁiﬁﬂmﬁ '
*m“ﬁ“ﬁlm(magﬁmde)wﬁmmimcﬁon)ﬁaﬁiﬂmﬂ%i
mﬁ.'ﬁ*ﬂ‘ﬂﬁ(mmon}#mm%.
fafem TR W $3 T W s YR T H@
1.mtmmhwwr&nmﬁaﬁnﬁa;mw~
(a) syafcadt (Steady), 79 (b) qfiadl ¥a© (Unsteady Flow)
2.nu-‘tmwrg-ifit‘tﬁtmm——
(a) @04 (Laminar), T4 (b) faees @ (Turbulent Flow)
3.nmﬁmsﬁ«zu$ﬁtan(nﬁq&fm)&mm-
(a) §°F (Uniform), 941 (b) arguE wae (Non Uniform Flow)
4. V@R & fedt fag W@ W Zofta nifd (Angular Velocity) & 38 —
(a) IO (Rotational) 4TE, a1 (b) O FAE (Irrotational Flow)

s.mifntmmma;mu-—
_qan (b) FEHET T (Incompressible Flow)

and Unsteady Flow)—fedl & ware ¥ fadt

1 sqfcadt aen uftadl yaE (Steady

(mm)untan,mmm fafyma (constant) § iy faedt &g
e a@ /vt 3 ﬂnﬁmwﬁtaﬁtmtmaﬁ @ T8 WA
mﬁ'ﬂmmimuﬁnm&fmﬂﬁgwwdnmﬁﬂﬂﬁmt

mﬁmﬁta‘tmwﬁaﬂmwwymw)mm

“This type of flow in which the fluid characteristics like ve ;
flow. If these characteristic:

not change with time 15 called steady

flow is called unsteady flow. "
mﬁﬁmﬁﬁsﬁmaﬂw%@mﬁwﬁmmﬁ?ﬂ#mwﬁﬁmﬂﬁm _

mm@mwﬁﬁﬁaﬂa

2. @a am fage ¥aE (Laminar an
w99 W ufEd @ utdl (Laminar a1 Layers)

warg (Viscous Flow) wEger T §1




T # owEr 71
“A laminar flow is one in which paths taken by the individual particles do not cross one another
move along well defined paths. This type of flow is also called stream-line Sflow or viscous flow."”
¥ YA % G Yefta yamw (Stream Line Flow) M e T FF 79 o F v fag W
A T R ol za @ ofy wwm Fw o 2
R 7@ vy & W fred-fired (Haphazard) 7% ? wg3 § @t v I o fagen vawR
(Non-Viscous or Turbulent Flow) ®gemar &1 2fad fa3 3.5

“A turbulent flow is that flow in which fluid particle moves in a zig zag manner.”

and

_____

___/—__\“—r{:/"’ 7__';:“‘ - =

(a) fa%{®™ W= (Turbulent flow) (b) ¥t WA (Laminar flow)

fox 3s

mmmmmm%ﬁmm#mmnﬁnqaaknwmzoooam
2 @ waw w0, 2R 2000 ¥ 4000 F e

%.ﬁrmﬁﬁaa?ﬁmwmsﬂzwﬁm%m
2 @ ffvsm w1 Y faaes o 2

3. WHH U0 JWWH FAE (Uniform and Non-Uniform Flow)—¥8 vag % fadt v
i T W I AE W € A T vaw @

FEEH AR HEEr L)
“The type of flow, in which th

e velocity at any given time does not change w.r.1. section is called
uniform flow.

If velocity changes, then it is called non-uniform flow. "

T Y e ﬁmmmmamqﬁgmﬁwaﬁﬁwwmmwm
T B *fEd faw 3.6

l1' |1
B \ E ‘(% ////-‘___“2_—_-—-§
: PV, o P v va |y
" e M




72 TEE T awEw Wi

“A flow is said to be rotational if the fluid particles, while
moving in the direction of flow, rotates about their mass centre and
a flow is said to be irrotational if the fluid particles do not rotate
about their mass centres.”

FTA T W W T T T F ya® F W (Curvilinear)
TR FE T AR 39 A @ fF v 9 3 § A @ g R
A v FW VA T ¥ 3 za § gw view wk Rl T F W@
F 7a ¥ ua € A o T w39 F ol el o g
YR AE TF 1T & =W W a7 From s 980 59 & 0N TG
¥ Fe WA I o 3.7 ¥ femmn T g @ 4 W F Rafy ol
Ar ¥ = fag | Wt fag 7% W § weed 9 R .

5. Wwiiey FW WWEREY WA (Compressible and Incompressible Flow)—3f¢ 5@ YA€ ¥
¥ s i Twds v § wiveds @ wwn & A varg wwdew e i aft wRad T g
o W @ =% o ¢ R vaw ey s )

“If the density and the volume of the fluid, changes point to point in their path flow, it is called
compressible. If the remains constant then it is called incompressible flow.”

e et T wediea) 3 A A e weten A &1 W S 7 e Sr A S

S T T T TR w Fde 7 & 7 o Frl 59 0 T 6 SR 8 W @ o
74 &1 VaA® §9F, UEd a9 @09 VAR @ 9% e

§ 3.7. WA &1 ZT A fAWST (Rate of Flow or Discharge) : |
feseit 82, mwﬂﬁmiﬂuﬁmmﬁwﬁmmtmuﬁmaﬁ

= o1 fastaa =ea £
“The quantity of a liquid, flowing per second through a section of a pipe ora channel, is known as

the rate of discharge or simply discharge.” |
@ 0 Zr weffa Fa &

a: fags (Q) = il ' ..(i)

g (1)
zga T, MKS a1 SI Yoet # m?/sec €l & & A4 (Cumec) it &gd 8 CGS o ¥
cm%ec‘éﬁ?'%lﬂﬂﬁ—aﬂﬁsﬂm!ﬁmﬁmmﬁ?l |
uﬁ:mﬁ,waﬁmmmﬂmmmméﬂﬁmﬁmwmW:gq%?hﬁmh’;

/4 W i (“J\'.

- —_—

wxt  pgl

O=
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qﬁam’ﬂjnwmmmﬁmaﬁ:ama’mim(m&n)v% 2 @ e,
Q=axv= % §TGH x XTI W1 aa a0 ...(iii)

§ 3.8. 3irea a1 weTur Nf (Average or Mean Velocity) :

' F o 1 YA & fora swroor feeedt sy
ATT 3.3 H 7 AN 79 ) 1 W Y F D g
R 53 & T 0 F) 1f vk T A 21 sud faeda afz z3 # vaEe 19 @ ok wre =) dEn
T A A AR R e woah i a f wwe A, W 3 s & s A R,

. _2_ R (i)
o ST FTE FT JAGHA

f—v—s) Dy Iaﬁﬁ‘atlﬂﬁ

— = i : e

— T - e
S — :

e : . = 4n
(a) 3 A Imtw (b) ArAfE ¥ e (c) ow AN W

fax 33

§ 3.9 WA WHEHIUT (Continuity Equation) :

quantity of liquid passing per second is the same at sections.”
a@ms.gﬁmammm@rmw 1 )
ﬁ{ﬂﬂmﬂﬁﬁﬁn'ﬂﬁfﬁwaﬁﬁ% - ; |3
mmﬁaﬁammsqaﬁml-l‘z-zm Qaw | E " lwwa
3-3 W FR-NA%S HHY: ay, a, 4 q, ? 3k ’"";"\7;'" "'7,32'" Plr\-’;'“""
TR T vy, vy vy R A N W v w@ ; 5 ol ®
ﬂaﬁaﬁmmmmmm,m al, 2™
TF WHUE N Wy Aen ww, fax 39
W= wav, = wa,v, = wa,v, = R
q a1v1=azv2=a3v3= farx =0 (V)
.. | T8 Wiaa weiEwTor @
R4 Wa vy, wa,v, a9 wq

V3 TN e 1-1,2-2am3-3wq¢mﬁfmm@t:awm%|
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39.1. W wHwIor & fag wivew (Conditions)
mmmmmtmmmmﬁﬁﬂ‘*mﬁ"
(i) @ warg ftadt st srawdten g =g
(ii) TS WR-WUE W MR ¥y W W shew wfe o o
(i) e wE-wE & T Wy wE T A e s

39.2. WA WHitwTuT & WA (Applications)

TR, T iR ¥ e Tw W sﬁmnﬁiﬁwﬂﬁmwmuﬂwm%mmﬁwﬁa@
79 = faas Fm = 9= §

T 3.1, TF TR WEY & UH B W 1S cm F W § G G B
®T 25cm & ® W 1 i wgw ¥ ot W Wil v w5 R see
W 15 m/sec €, W T SRR s @ =W & SR W U
= ¥ T

W—AZ TS § TR IR W AW FA 4, T d, 3R A
FUW: v, T v, 2
H‘,mm a,v, = a,v, ﬁ'ﬂﬁ‘(&ﬁﬂ(— \

mqﬁmmmﬁl

W &A™ AR qEH
a7 g1 =H & BN

fas 3.10
Z’(dl ) x 1'] = Z(dz) x \'2

o -;5(15)3 x 1500 = %(25,2 XV, (st 7 CGS T # T )

L || v2=540cm/sec=5.4mlsec I

zzllms.z.fns.utaaani‘zuﬁ*rimﬁwﬂsmeca:awﬁmmél afg aF
Mimhmda‘tmﬁiﬁﬂwwaﬂﬁm

fax 3.1
TE—TFA Y (1) 7@ (2) # fawsh w: O, aan 0, m¥sec € @, TEA WY A o,
Q=0 +0,
1 av=apy, +a,v, (0= av ¢



WA & WA 75

‘-4’5(0.40)2 x5 = %{O.IO)Z x| +§(0.30)2 x v, (Fam & o v, = vy

v, =8 m/sec
Ll 0,=ay, = %(0.10)%8 = 0.0628 m”/sec I
A 0, = ayy = 7(030) x8 = 0.5652 msec I

./ ETeTuT 3.3, Urt @ YU W U FAEUH H1Z & 2ufA (tapering) WHT HT =N TH & W 15
/cmm{ﬂiﬁi‘ﬂscmtlﬂﬁlScmmlﬁmﬂﬂmmmiﬂl.Smlmﬁﬁlw
sec ¥ fauel® g ®fwA) oY & 8 cm =W =T it w@ 1

it @t nfa Wt s @

Ta—faa 3.12 o IRy # e feardt 2

YYAER,
TRY & FR 1-1 W AAFA

a, = %xls2 (cm)2 = gxISZxIO"' m?

TEY F FE 2-2 W AAF az=—EX82(Cm)2=§-X82x10_4m2

Y H HE 1-1 W G e 3, v, = 1.5 misec
WY I famSH, 0 = aypy,

@ E x (15)% x 1.5 x 10~ = 0.0265 m’/sec

= 26.5 lit/sec I
3 WA TS F IFTER,
al\“ = a2v2
It 2 | >
7 19 x15= 7 X®*xv,
o vy = {(135)) x1.5 = 5.273 m/sec I

aammsA.mm&i%wﬁnmmmmfai‘wlscmtuwwis{:ﬁﬁﬁﬂw

w1 e 150 livsee Y 2T / § T W TAW 15 om =W @ R @ @ & af frer
mﬁfniw&qzsnusecmﬁa

W R w mgw @1 smavew =mw o w w R @ &
H W uet @ oolew A st oy wie
Fo—ur fa,
a) = Va9 W Y & FR w1 d5wa




76 TER W FEEw SSfEd

v, = WY W 9 = am

a, = o Wy 5 s = dawa
v, = R W o = @

0 = e W i = R

¥E % IR,
4 .2
a= X 152 cm? = 176.73 cm? = 176.73 % 10 m
Q = 150 liv/ = 150 _ 150 x 107 msec
10°
I W, o ni
lSOXIO_-!:azxzs
-3
- - L
25
o fm W I W =W d,om € A, |
%(d2)2x2.5=150xlp-3
, 150x107°x4
dz R
25xx: |
a0 d2=8.74an T
s YW & WA W A W e 3 e & o,
Q=aypy,
=3 .
0 _ 150x10__ _ 3487 misec I

1"  176.73x107

ms.s.tesmmmmml-lmz-zutm:zoommsmsoomm 21 afg
HZ HUIE 1-1 T WY § W Vg W A1 4 misec §, A
(i)mtmﬁﬁa,m(ﬁ)mmiaiz-zwmmhmm’n

1
e — . —— >

P2
1

A—(i) TEY F FE 1-1 T A5

.

a,= -;-‘—(0.2)2 =0.0314 m?
P1

ﬁmg=avﬁ,

0 =0.0314 x 4 = 0.1256 m’/sec
O = 125.6 litre/sec I

fex 3.13 :




aelt w1 yare 77
(i) UTEY H FE FHF 2-2 W ATFA
a, = :"Ex(o.a)2 = 0.0707 m?

w2 22 WAy, = £ 2 01256 _ 28 /e I
@ 00707

§3.10. %@ Ft FAMA (Energies of Liquid) ¢

mmﬂ%fﬁm%ﬁaﬂmaﬁmﬁmtimmmﬁﬂﬁilﬁmmmm
¥ v (static) Ao ’lﬁ“lﬁ(dynamic}mﬁ'@lﬂt,m‘cﬁﬂm:ﬁ(liquids)ﬁ q Sy Bt &) fedt
e T FA A e ywm 3 e ol E—

1. ®fis o - smam S (Static energy or Datum Energy)
2. 9 St 1 e St (Kinetic-Energy)
3. T4 FSN (Press Energy)

1. vftves st a1 smam s (Static Energy or Datum Energy)

&mmaﬁwuﬁmmwmmﬁnuﬂt‘dwﬁv&mtl ¥ IMET @
W @ W W sty wn

"It is the energy possessed by a liquid particle by virtue of its position. ”

a1 et eamar = ¥ W =23 91 &1 33 Z Wi S9E W @ d @
W 27 ¥R % 39 =1 Wifds S = Z x W N,

A1 IR F 39 F M ot - Z;W = P

2. A mf 1 few i (Kinetic-Energy)
mﬁmaﬁm:ﬂuﬁ&mw}wmi‘

l 2 pl 2
= > my? kgm*/sec? = %E’—v“ N.m
= ¥4 = wefa kg W, @ g = T*E I\ & (Acceleration due to gravity) 21

mimtm‘mﬁﬁl{ﬂﬁmmﬁ—l”’l I _ v Nm

8 i R e
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2
S A S L UL v (st )
2¢ N 22

mﬁwhﬁmlmmﬁwmmmﬁ'
Wﬁiluﬁ,ﬁ.‘d’tz‘q&ﬁw&t]_lmmagquﬂmﬂmwrceSurface)aﬁ
ﬁrﬁﬂtﬂatmmiﬁ%ﬂ%nvm&taﬂﬁmm
& g 22 & T A e i e T T @ (e R 5 R = ._.ﬂ,,m_..__"’“’}“"" |
waﬁﬂm%mmﬂmmim:t%uﬂz% T el
Wﬁmwt)mﬁsntmmﬂﬁuawm—m .......
:ﬁmmwwptum:,éﬁwwaalﬁlmm@, A
WN WR & 33 & Sfas S = WHN.m fox
WN S e 39 @ 9% / wre Pree © g W 59 [/__

mmﬂﬁrﬁﬁﬁmsﬁtﬁﬂmﬁaﬁﬂmﬁaﬁﬁmm 1/!(1‘——- 1
ﬂﬂﬁaaﬁfﬁiﬁﬁu&mﬁmmﬁaﬁmwaﬁl o 314

wm,walzqma:ﬁﬂdﬁmm
=W={e=tﬂﬂ

q WxH:-l-Evz
2g

- g= L za @ e ¥ IR ,
2g '
, :

o, W=1 A8 A nﬁaaaf:é’—g-
g’_ (@ dhex # )
g

_______

¥ a = Tiew S

N.m
N

¥
ﬁ'l

4

a1, nfewr vid, H =

3. & 9 (Pressure Energy)
nﬁmﬂntmtmﬂ?ﬂtl
possessed by a liguid particle, by virtue of its existing pressure.”

Za & g Tl

I T .

“It is the energy,
afe WN qrraszaaﬁmiﬁam;;—h% A @, W g WE
m

= N.m




: T TR F 3 F T F A W B w@ L

mmzﬁwmmmﬁnﬁm.rs%wﬁmﬂ ! J J
w1 p N/m? T T ® B w N/m? HAoMRFgagueMfoes [ -
W W@ FA I 27 ) G 1 7 R 1 Fe S
Am? 1 3, W=Axp

¥4 fafevet % e & sl 7@ W frem B 4 de S T |

FW 331 W} 3@ WA, l H
fre 1 3o & foon T FE = Wx H=Axpx HN.m Y - L8 l
53 H 7% T & @ T F w9 F 3wz A o 21 fafevsy o ““ 'H\
T TE IR = wx A x H A ViE s lis dois e~
- 30 FET 9R F T3 ZW 179 FH 7 " fox 31
= APH _ P (o i)
w.AH w

§3.11.m:1ufmf1{éﬂqdvﬂi(TotalEnergyandTotamead):
ms.wﬁmﬁtﬂiiauﬁﬁmfﬁm@mﬁmuﬂmwﬁmh

“Total energy of the liquid, in motion, is the sum of all three energies. ”
4 WK

WW=WW+WW+WW
w%ﬁmﬁ%%ﬁmmﬁaﬁﬁ%mﬁmmm% a7
wogut vt = A Wi + T v 4+ frer s

33y, A TR TH I A AN 306 F Rmm

T TH TEY H A N/m® S WR 1w =g Fam
ﬁ%m%ﬁtm#mﬁﬁowm«wqﬁﬁﬁ
Eﬁmhﬁ?{?lqﬁ@lmﬁﬂﬁﬁiDaﬁﬁﬁZﬁ?{

amaaaﬁmﬁamp—— tRh=L sk

leﬁomw{u‘fmf awnaaahmmhnmmi
| &7 R & 3@ it weqel

‘ r?ﬂ!ﬂl( od
2 T, L B L L T T
={Z+2+Y | NN i
= ,+;+5— n -.(V1) fax 3.16
. :

e wqﬂvﬁin:msﬂi+mvﬁi+ﬂﬁavﬂi

= Z+%+;;g (m W) «(vii)



g0z 7w wwdw Rl
§ 3.12. %4 @ ¥IRK (Work and Power) :
umﬁtﬂsmmuﬂmﬂmmtaﬁwﬁﬂﬂﬁﬁﬂﬁﬂ(Rateofdoingwork)

mﬁﬁ!ﬁmﬁnmmm&muﬂmmti
1.mn%mwimvﬁm—m:uaqa@mmﬁmmmﬂﬂfmﬁﬁm
qz,ﬂn3.17tm.ﬁémﬁwwmtmmﬂnMﬁmtiuﬂtﬁﬁ.

p= T4 W T-AFA (intensity ofs pressure) -Ef 7, l"'me‘
v=3a % 1 m/s ¥, . _.
- |

o= TEY F FR T AGA m” ¥,

H = 28 & 3@ % Toi-Wd (total head) m ¥, T
+ R
u-=:amaﬁﬂamm-§§ﬁ. 1fun3.l1'
m
Mﬁn&mﬁtmmﬁmmﬁmﬁmwm ]

_ wa x W Jwve oo W gh =pxaxv

w@axumauﬁmmﬁmw
- ufr v wed w@ wa fEw T S
-_-pxmsvﬁﬂﬁrmazﬁ:amama'—r
= wH x 3A™Gd1 [£=H]
w h

— WH N.m (v W=wX Fad)  ...(viii)

&, W ="urq & ¥ JFvE T 5T H W
m-rﬂoﬁ’nﬁtmﬁmwm WH
avq I (hmpowcr)z e = -7_5-

aﬁ,wmomﬁuﬁtmzazﬂza'ﬂmif

T4, Fva vifEd = il ..(ix)
45w ¥

2. dfee @ sva-vifaa (Horse power from a nozzle)— it T gfE & fora® B =@ &
fox & 3= T UT EA &1 TAE A (jet) # wq 4 g &

“Nozzle is a device in whizh flow of liquid come out from the At
small dia. hole at very high speed in the form of jet.” __EL/V

mmwmﬁaﬁm—aﬁfaﬁmmﬁqﬁaﬁa Vo

FI 2
fir 3.18 % SER A fo 0F 9@ F ‘@’ m’ P

an:a-ﬁzv—s'fc- ¥ 4 ¥ frwaam 2

faw 3.8
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Aot ¥ 77 73 # R w@/ o x woqof wind
. W =t v wifere (h.p.) =

_ (wav) x VZIZg

75

WWJ

75

= (X)
2gx75

A WfER 1 7% g e wEn W Ja fE T —

v il o Fo Ao A 77 7@ A e oA

75

2 \g) 75

=3

1 [W)vle wav®
5 _

"~ 2gx7T5

w= 33 & IANHF 91

-2 (static pressure) % fauiia v ¥ =g &R yarfgq
amﬁmmé‘lmﬁwﬁrﬁm%ﬁmwzawm—m

(back-pressure) fﬁmm%eﬁtﬁmaﬁm%ﬁﬁaﬁm
% favia =1t #0n 2 2

3.mtﬁwﬁawmﬁmwm1fmm

R—wi-wd 73 5wy 3 =@
ﬁm#ﬂﬂﬂmﬁw—m(fwdwm)

fam 3.9

H=W%Wﬁmﬁﬁ$m,mﬁ

v=ﬁﬁﬂﬁhﬂw€aﬁﬂmmmt,Wsccﬁ
p= XY W 3@ W @it N/m? §

mﬁﬁaﬂﬁ'ﬁéﬁﬁﬂﬁ%ﬁﬁ%mwm

T, uxr:iﬁﬂﬁmwfﬁﬁﬂ'&
fovan i = Y

= WH x 3gqq

= WH

[._. p= WH]
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_WH o081 misec’ § (i)

T 5.8
- W=nfamzmiimﬂmw=amm.ﬁ
¥, i ..(xii)
4500 ¢

7| WER, €89 q,
(a) anmmuﬁ; mﬁaﬁagfﬂi aﬂtnaﬁmﬁs:ﬂa(ﬂaﬁﬁaﬁ%vﬁ

A a4 -

s J5ve = | W Rae) =QxwxE
@,  wa iRy (Horse Poweer), h.p. = Q_’;_s"'_"_’i .-(xiii)
g

(b):ﬁﬂﬂléﬂif anm;nfaamaﬂztﬂ

i W
hp= 5, T wx15g %8 e
ﬁn:muﬁuﬁﬁ.wmmén

(ﬁ)nﬁmmaw:ﬁﬁrﬁaﬁmaa}

savas S A, |._p.=ﬁ'.'ii‘—’-'-
) 75¢
(c) ﬁﬂﬁaaﬂf?ﬁﬁmﬁammﬁ:utmﬂm (jet)

ﬂmﬁmmﬂﬁmaﬂmam—eaméaz
= Ay & @, e fad 3.20

seC

ﬁzaﬁﬂﬁﬁbﬂﬂ‘f fom 3.
sEavas ava o, hp. = e
75 ]
1 W v |
L T2 (wav)x— .
m-2 2g
75 75 75
ﬂﬁW:ﬂﬁmmﬂﬁ!ﬂmﬂl{:wxava/scc
wxaxy (

s@ 9 @ Iva wfw, hp.=
2g <75
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§ 3.13. aTATeA =y g (Bernoulli’s Theorem) :
1 1738 ¥ fag nftrrg

e TR (Daniel Bernoulli) 3 3 % war ¥ wmafea auamsi 5
T H % R 0 sty o ot farg o M AR A 7E Wiy avww ¥ 37 o A ) A
R # amfa #)

TR T F arEm, el sreel v st ww & sttt vy 4 fed w
(Continuous) mﬁmmﬁmﬂmmm*ﬂﬁ, ntmﬂﬁqﬂd
mmwmvﬂimmmmtmwmmm#fﬂﬁiﬁmﬂ

“For a perfect incompressible liquid,

. flow ing in a continuous stream, the total energy of a particle
remains the same, while the particle moves from point to another.

ﬂﬁmm%@ﬁﬂmﬁmmm%—

2
aft fagai w, H=Z+£+-;——=ﬁ'{
w g

T AR Wit w7 4 w5 2 2 oay L

(Constant)

PR AR, T F Mo F o 3 af sy

w 2
T |t v # m,mmaﬁmmiﬁl

Sl 4. »
RV b e g o < epoRuni T —
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-0 Ty9 ¥,
2 2 2
H= Z|+£L+ﬁ-=z.,+&-+!z-=zj+£}—+-b‘=m
w g w2 w 28 _
(g FHIEHT

mﬁﬁ.wﬂﬂm«niﬂnﬁ!mﬁm%ﬂﬁQ=a.v.=“z"z
a)tmﬁmmﬁwhmﬁMI
*Mﬁﬁgilmztmmfuﬁnfﬂﬁmm
z,+%+2£8— - z,+§38-+§22§+h, o, (v &g, fag & farg 2 T I
3131, Wk WE Wt 3N (Prood
' 'mmmﬁﬁww

ﬁisﬂ%mmaamﬂmnmdnpmd)mﬁwﬂ
m&n%mml-lmz-zé?ﬁaﬂ’t SaE & AR

1-1 o 2-2 W T qea, 39, FER T
a, &

aw@ e

S Q=l1

l l YR e {Datinli.evel)

fam 3.22
1-1ﬁmﬁshta;:aasml-lwmplmmﬁwﬁamz—z%aﬁaﬂtéﬁza%m
ardi i = e v ,
| 3 2-2 % @ @ Fa A TH TR 1-1’31}12*2%;3'13311311
AR 1';1'mmm%sh12-2.12§ﬁaaaﬂ2'-2'm a1 Tl 8
1-1 Mz-ztﬂumnr-r,z'-z'wﬁmﬁammmmm ot wHg THd ¢ b It
| 7 V-1 % d= 7 @, 2~22'-2'anﬂa:aaﬁ=rifaﬁlwmmﬁtm 1’-1’ T

2-2izﬂam:amﬁlitmmwmil
ﬂml—lamr—l'ﬁ:a'ia;ammWi,;amuﬁmz-zamz'-z'asaﬁaﬁnm @,

W=wa,l, =wa, l,
i'

2-2 Wp,
o et arg TE H 1-
# 7m v 1-1 9@ @ g/,

W




WA = vEAw 88
Wml—lwmmmﬂmmﬂp,a,)x!, ('-‘Wiﬂél)
mz-zmmmhwuﬁ:-@ﬁ)x:z
SAORLE IR B C L DR SR COE C———
ot SR FE 50 T FE = piayl, - pra,l,

W W B
= p “%-Pz ": = ;‘(Pl -P3) ...(i1)

mmmmﬂmﬁ&mmém::aa-’rmfﬂ‘mﬁmmﬁgﬂ,A%ﬁ
?, o Wma::aaﬁttﬂﬁa:mﬁmﬁ,=wzl-wz2=rr(zl—zz)

FF 2-2 W Fe S, -1 R & $1 99%a ¥ 57 § 39 2-2 W 3 Afu= B, 3@
Wm%zaaﬁﬂﬁamfﬂiar«:wxfl—u’xi

2g 2g
2 2
2g 2g
¥, ﬁﬁﬂﬁ@ﬁﬂﬁ:ﬁﬂﬁﬁmm
dﬁamﬁmﬁ+1‘aﬂwm=wﬁamﬁm
W 2 2
q W(Z, -2+ ;—(pl—p.z) = W(%—_;lé]
W ow 2g 2
qr . P "12 Py "%
+—=+ = = —_— &
= 2¢ Zz+w+2g (iv)

2

Z+—§+§§ =ﬁ'¢m(constant) (uﬁmﬁmmt)

+ e~ ~ —
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4. T4 S WaTE ¥4 (Non-viscous) o afed) It
¥4 (Head Loss) 1 TR W @ =Sl

S-Wﬂﬂwtmﬂmwmmﬂﬂmmmm

el

mmmmtﬁmﬂﬁﬂmﬁm_

a7 & s

6 Mﬁmﬂﬂﬁmﬂﬁmmﬁmﬁmﬁﬁmﬁmﬁm:mwaﬁm

.aﬂﬁn

7-W‘mﬁﬂmmﬁuﬁ(§swa:mmiﬁmaﬁ$m)mmﬁuﬁqﬁam

o R

ms.s.ummmnnm)tﬁiuwhmmozﬂe)ﬁso
*!‘M(Jet)ﬁmmtﬁrmmnmtl ¥z &t svaviE (hp) A

E—e I E—
it o, i Y
2gx75
f@“?, ﬂzaﬂﬂﬁ!,v=30m!scc

I} F AW, d=5¢cm
¥ = FE 9IFd, a= %(5)2 cm? = 0.001963 m’

= i @1 Fo WR, w= 1000 kgg/m’
a@: quE (i) ¥ 3E = I,
3
4 1000 % 0.001963x(30)" _ 3¢ yp

m/sec @t T

)

hp- =~ 5x981x75
mms.'r.qswwsaswmﬁzthammmwmﬁﬂﬁa{ﬁ&mf
sve vy W@ wifed)
w—en 9 &, 1 AgEUed TS 10 N/cm? @
a1 4 arqEvER 7@ = 40 Niem” = 4 X 10° N/m?
fea 2, fargefa, O = 545 lisec A 0.545 m?/sec
5
v ¥, hp. = ro _ 4x10° x0.545
75 75x9.81

= 296.29 HP = 218.07 kW

mmss.wmmmmu-ﬂmazoi- & & @ et w1 e frewer @ R €

&1 W 4 cm R § @ ¥ # v v I@ HHR
T—ITIEER,
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ﬂzuﬂmmm,a=i‘.x4z =47 (cm)? = 47 x 10~ m2

T %1 smifirr ), w = 1000 kg /m?
W F A, v = 20 m/sec
a, ¥ v v WD
2gx75

_ 1000 x 47 x 10~ x(20)°
= 2x9.81x75
= 5.028 kW

= 6.832 H.P.

TA—STIER, 4 fire & S0 T 9 = 250 Jitre

o fe | ™ e TR, W= 3259 = 62.5 litre = 62.5 x 9.81 Newton

I litre = 1000 (cm)® = 1000 gm weight

=1kg =9.81 Newton
It &1 Ira-ymd (pressure head),

4
e 2 Mlisaot o
w 10° x9.81
| T g WH _ 62.5%x9.81x150

P =34.335 N/em? = 34.335 x 10¢ N/m?
7w W= P _ 34.335x10°*

3 =35m
w 10”° x9.81
2 2
RICE R LA ) =0203 m
28 2x98]

T T e ey
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mmr Z=6m

o e W, = ze e
w 2

=6+354+0203=41203m I
(2) BT F HR | 7R Vo 7T T T T R,
W=wxaxv
= 0.81 x 1000 x % x (0.04)% x 2
= 2.513 Newton
- SR W | WQ FE = WH
TR Y WS R =
75g
_ 24.653x41.203
~ %981
= 1.38 3va Wi = 1.0157 kW I
T 3.11. UF dfrw Wy =t wewar ¥ i © wwng 3% (Supply tank) ¥ TH ot ¥
om & FRT Vi T Sy S &1 S § AW FR a@ T w0 A S, @ SR
T (i) 5.886 N/cm® A, (ii) 5.886 N/cm® frafa #h |
FE—I¥AER,
(i) 9t =1 F& W (total head), H=9m
art = T/ @Fa (intensity of pressure), p = 5.886 N/cm’
= 5.886 x 10* N/m?
i 2
-qﬁ:,v.-.wi!‘wﬂuﬂﬂﬁ,wsﬁmm-aﬂim,ﬂ=z+§+-;; & IER,
5886x10"
9= 0+ 5081  2x98l
q v2=3x2x9.8l
T v =7.672 m/s EL L

(mﬂmmﬂu&m-mﬁawﬁmmﬁﬁm—vﬂﬁmﬂm)
(i) S ¥ frafa disa, Hafq p = — ve I

ot @ FA Wi =9 m
af area & WA v, m/s & A A agw & F@ FET Al FHECT,

H= Z+£L+i g,
w 2g
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4 2
9.81x10 2g
v =17.155 = I
sec

FETUW 3.12. 7 cm m%mmmmmmmammuvenﬂ7mimiwtt&
MﬁSSN/cmzaimﬂTml.Smlsectaﬂﬁmﬂ"ﬂﬂﬂlﬁﬂﬁmtl ol #t 3t =
BT (i) woguf i, (ii) T (WHH) T W W@ wifEwr W Mo WA

TE—fem 2, Z=Tm;v=15m/sec; d=7cm=007m
P =34335 N/em? = 34.335 x 10* N/m?
VA 34335x10*  (1.5)?
i Wi, = z4 2L Y _ 4,34 +
. 2g 1000x9.81 2x98]
=42.1148 m I
T T W Ww wifE,

h _WxH_wxaxva
L 75g  75x9.381

9.81x 1000 x %‘(0.07)2 x1.5%42.1148

- 75x%9.81
=324 HP. = 2.384 kW

STET 2.13. T 75 m & dfiwt yuster ww @ 150 lit/sec =t 2T } URR = oty @ &

3T T &AFT FET 40 em W Bt faw 30 em =W =\ ) @ R W O W T 14.715 Nem?
B @R i W aw 7w =3 v T W T i,

m—mﬁwﬁwma@mﬁiﬁémaﬁmﬁm%l
%@@Wﬂ“ﬁé,m.nﬁmmﬁmmm

W

T2 Y a9 IR ™ | 91 % 3R
HA: Z,,pys Vi@ T Z,, p,, v,, a, —

¥, a, = -}x(oml = 0.12568 m?
fawst1, Q= 150 litress
=0.15 m’/s (1000 litre = 1 m?)
‘,I=.g__.0_‘.l.5___11935£‘,_
a  0.12568 sec
37| TR g, AL - 14715x10° =15m
w10 x9.8]

HIAe Fev & srmm,



2
oo = [30) x1.1935 = 2.1217 m/sec
27 (30

@ WY & AN f T wciel whew e w3 W,
Z]+ﬂ.+l{. = zz+£2.+2§.
w 2g w 2g

iifer Y e A ¢ Tl aTeR Yen @ A Rl W S wOe e S Z,=2,

2
ﬂ—+i=-&+_‘.’z_
w 2g w 2g

BB o))
w w 2g

1 2 2
1.1935)° —=(2.1217
Y [(1.1935)" —( )°]

= 14.843 m (YA = ¥)

= T, p, = 14.843 x 1000 x 9.81 N/m’
= 145609.83 N/m® = 14.56 N/em?

ms.ld.lwmuﬂwwmmqﬁwﬁmﬁm‘tl urgw 2ufta ¢ 3 W
agT fTT 40 cm = A9T BT &0 20 cm =ra =1 #1 mﬂ’uﬁ:zooliur/sm‘iatﬁwﬁm

t @ 24 fod W T § I WA S

m—ﬁilzoifmaqﬁwtmwﬁm#t:
m@aﬁmmﬁﬁlmdﬁiwmw 4 g T YR B
} Uy F FT @ # S, Z,=20cm=02m y
sﬁm,a’ﬁﬁiwwi‘mﬂmaﬁmm o
3.23

F B

=15+

a9
IW

Z,= 10cm=0.1m

wﬁsa%ﬁi‘wzmﬂmm,m%mwmmm:pl,
a9 fagea, O =200 litre/s = 0.2 m/s

a, = Zx(04) =0.12568 m’

vl=2- = -——(E— = 1.591 m/s
a 0.12568




2 2
z|+‘£['+fl— — 22 +-pl+—-2+

w 2g w 2g
1, TEH o PL_P2 _ (Zz—Zl)+—l—(v%—v|2)
w o ow 2g
(6.364)? —(1.591)2
= (0.1-02
L 2x9.81
= 1.835 m (WFt =7 vitf) I
3
I, T H IR (p, - p,) = 183 "1102 O L Nk I

» V. a, 991 Py vy, a, 2
Py =8.829 x 10* N/m?

Py = 5.886 x 10* N/m?
S H AR R, =

0.8 x 1000 x 981
= 7848 N/m?
HIAE FHihor 3 3R Q=av, =a,y,
-3
i Q _ 150x10

a, 0.03142

150 x1073
e v =_9_=——--__=2.122

T e 007069 e

| Ei i" i Bl q;ﬁ"
= P Vi 8.8 4 2
Hl- Zl+__.+_l_ =0+— 29)‘10 (4774)

3 HR X-X F F A R %ﬁai‘mm}w%@wxxm ¥

w  2g 7848 2x9.81
=1241m [mn%mmz,:m
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5.886x10° (2122

B Y
H2= Zz+—-h-+zg =4+ 7848 2)(9.81

o
=11.73 mm

3@ X-X 79 Y-¥ & &s W uft,
H=H, -H,=1241-1173=068 m
X-X R ol W, B, Y-y W oweed o g, @ s €, e T AR A IW
L

FTTO 3.16. S0 m T TS Www dfw 300 & Wy w gErst fwa ™ argy 2uf@
@ o &1 Fe@

fra wrT €, @

I
F TF yaned

¢ v o Fedt Rt = =W 30 om ¥ WR-6R WA g ST R W 20 em
f? W U W T 2.25 Niem? §1 TR 150 livsec 3 TT ¥ wrgw § URt vanfEq
et fat W Tm T =R ot el @ e i

To—E7 325 ¥ w=d difed s aeR @ |
o F S8, T, T 99 SR W 89%d, S R /\

(1) 7 = iR (2) W 9 2. p,. v, ) T 2,

p:- Vz. az tl
famea, O = 150 litre/s = 0.15 m*/sec

a, = Exmz)’ =0.03142 m*;

vl=g=—9-'li- =477 m/s

a 0.03142

Z,=50sin30°=50x > =25m

g THEW F AR, a,v, = 4,

2 2
L i A 4.77,:[1’3) =212 m/s
? (n/4) dy 30

mm%aﬁﬁﬂwmmmmmm,

vl x

|'.2

w 2g w 2g
2 55x10*  (2.12)°
P 477 _ 0+2 : "
= w T 2%9.81 10° x9.81 2x9.8l1

P _007m

w

54 0.07x1000x 981 _ o ococ Nrem? ot
: 10*

—4
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FEW 3.17. 0.75 ANfigew v &7 39 1S cm mtmffﬁloﬁ; T T AgAT 1 UG
th%ﬂﬁizw(damm)smﬁﬁ@iﬂtmimmwﬁizomﬂﬁﬁm
frramfera

TE—I & IR, p=10x10* N z-3m

m2

Hlo MR, W =0.75 % 1000 x 9.81 = 7357.5 N

(- 3@ 9 9o Fo = 59 1 FEgoi v

34 ool ¥, o Z+w 2%
10 x 10* V2
= +—
W o 3% 73575 2x9.381
v=_8.17 m/sec

faastt, 0=axv= g x (0.15)* x 8.17

= 0.144 m’/s

I T
FIEW 3.18. TF TS YUSHR (Tapering) weY ¥ |/ thsecuﬁu%ﬁmh(discharge)
ﬁmtnmmu&wmmzscmmﬁmmmlscmtluﬁmwwszasmtr(
mﬁmmtamﬂh&fsmEﬂmeﬂﬁmt?
T— Py =10 N/em? = 10 x 10* N/m2,
Q=60 livsec =0.06 m¥sec, d, = 25 cm = 0.25 md=15cm=0.15m
"|=Q=n0'06 = 1.22 m/sec
4 2025
4
\-2=_Q_= 0.06 = 3.398 m/sec
a 2—(0.15)2
Waﬁaﬁ‘\'ﬂaﬂ?ﬁtm'ﬂla’ﬂ'ém'cm(DanmLevel)‘l‘Fﬁtﬂ31111?-[21=Z£=0,3‘ﬂ‘(m(1)
amﬁmu)vmm%,
AT 0 Z,+ 82,9 AN T W
w 2g Tow 2g

4 A2
04 _10x10° ()

=0+— P2 (3398
1000x9.81  2x9.8] 1000x9.81 * 2x98]

93.05 kN/m? = 9.3 N/em?

Py




94 TElm TWw FgEr o

Wll’;“mm*ﬁmﬁﬂm75cmwlscmtmmmmz :
3.4335 Niem?® 30T 4.9 Niem? 1 ait Rraeft 60 litre/min & @ warg @t fegn w0 =531

™ d,=75cm=0075m, .. a= %(oms)? = 0.0044 m’

dy=15em=0.15m, . a= %(0.15)2 = 0.0176 m?

-5
60x10 m3/sec = 0.001 m>/sec

fawsi=, Q = 60 livmin =

p, = 3.4335 N/cm® = 3.4335 x 10* N/m’
p, = 4.9 Niem? = 49 x 10* N/m?

e TEY F FN W N AR T WA R, Z,=2,=0

aqQ

vz (1) W Tl W, A, = z,+ﬂ+§f- 3,
w 4

34 3 £
H, = 04 34335x10 ) 35026 m
1000x9.81  2g

|z (2) W 9 W, H, = zz+—"l+§5— 3,
w 2g

4 2
Hy= 0+ 49x10 +(Qfaz)
0.81x1000 2¢g

2 fafa (Vaccum) & 308 T& @WIU Zat (supply

\/muws.zo.fuwﬂﬂims.mwm
A 6m Fag WE A

tank)ﬁﬂl‘-'ﬁ!!fﬁﬂﬂmtl uﬁmz‘uﬂtmmmﬁuﬁmu
muﬁmtmwﬂmiﬂmuﬂmn
1

To—fe &, wu & <@, p = 6.767 N/em? frafd + b

T zm,p2=qr§qnaanm—ﬁuhm,p
= 10.135 - 6.867 = 3.268 N/cm? i

= 3.268 x 10* N/m? frata
m%ﬁmmﬁ,mﬁa(z)ﬂmﬂ“m“‘“m _TT+—
farg (1) feran T

ﬁﬁw&nvzmlmiﬂtmﬁlmm
mwwaﬁnﬁvl=mﬂ1ﬂamm(WJ
— 10.135 N/em? = 10.135 x 10* N/m’ &




T F oA 95
ﬁ%(l)wa)mmmﬁ.

2
Z +-"-JJ-+-"i = Z, +2.49
w 2g w 2g

T4 @Y R,
10.135 x 10* 3268x10° V2
6+'—-—————-+ = 0+ 2
1000 x 9.81 1000 x9.81  2x9.81
Vi =255.06
a v, = 15.97 m/sec Ll

JETET 3.21. TH YUeER Seafar 7ot u% gy s w W § TMEHE T AgA W
SATH 30 cm For Zam A 2.8 Nem? #1 frg A4 @ 152 em Hi% v gut g B W =W 15 em

tlmwﬁmaﬂumum/mtlmdwtﬁﬁuﬂmmmﬁqsw
A @ &M

T—fem ?, g 4 & 1 =30 cm =030 m,
P, =28 N/em® = 2.8 x 10* N/m?
M fag B F e, d=15cm =0.15 m, p, T FA B (3@ faF 3.27)
famh,g:nzlnmec:o.nzm%secﬁgaas‘taﬁﬁamﬁmn e 30cm *

T
WWR.21=152cm=I.52mW22=0.E’ﬂﬂ‘.ﬁ'_k"'zlWB"R Al
SR WHE F ITER, |
2 2 '
Z,~1-£L+v—l = 22+£2—+-‘-}2— ﬁ"ﬂﬁl‘@%ﬂ'{. l
wo 2g w  2g | 152¢cm
2 2 1
& e ]
4 h
1524 2300 \a) o et al
9.81x1000 2x9.81 1000x9.81  2x98] e o
T@HT 1Sem
o TR ) fam 327
Py = 2447 kg,/m*
@ = 02447 kg dem?
P> = 24 N/em? I

SR 3.22. foRelt S O (Inclined Pipe) % 2r) o w g v
9m B mmm(natumLine)ﬁmtmmm‘}M6
mmﬁuﬁmuﬁMmtaﬁtnﬁﬁf%ﬂmmm
RTEE U 0.6 m® AU 0.4 m? bR T R st W 1000

litrﬂsecﬂﬁwmmm[&mﬁmﬁuﬁmuﬁ&m
TA—fea ¥, we aw faw 308 ¥ IER,

Zl=6m; 22=lm

a, =06 m>; a, =04 m?
P\ Py

— == =9

w W



96 twEl T AgEm FRE !

& © = 10000 lit/sec = 1 m*/sec
v =‘Q“=L = (.166 m/sec
W 06
™~ v, = 2 .1 _025misec
a, 4
3 T T R 9w = g (1) T (2) F gt S A AW

w 2g w 28

~

( 2\ [ 2
meﬁ: kZ‘I +£L+_‘fl_]_ ZZ +&+_‘:2_J

.

2] 2
- 6+9+———-(l'66) —[1+9+ ) ]
ZX9.81_ x9.8

=4.823 m
Ws.zs.w%ut!nmawﬁp)mmﬁaﬁﬁiwlocmmqﬁfﬁw |
Mcmtlmsmmtlv&wwéﬁﬁﬂun-‘[%]mu'{mta’rﬁﬁﬁﬂm
SR, ok frem fat W O @ 3 1 misec R <

W—RTAR,  Z,=0
dy=19cm=0.19m

3T

a, = %(0.19)2 = 0.0283 m’

Pi _ =y 9 7@ v, = | m/sec (FAIGER) IR

“’ M

4 fqms, 0 =a,v, =0.0283 x 1 i %
= 0.0283 m’/sec

g B W, d, =20 cm =020 m,

a,= E(o.z)2 =0.0314 m’

fl:zﬁ?ﬂ'f,
w

s 902 o B
. 25, T 00314

i fam 3.30 370 9% AB=5m

f‘amiawa:, Zz=5£inﬁ=5x-§-=3m



WA F ovaEw 97
fog 4 70 B W IwrER w wm

2 2
Z, 2l M o Z, +R2.%

) w 2g w 2g
0+£2L, @’ =3+82, 090y
w  2x98] w  2x9.8l1
] a_E =34 0.81 —;=2.99m I
woow 19.62 19.62

FETETU 3.24. TH UTgT T o1 W R A ¥ B 7 10 cm R 20 om ¥y I & B,A R
2m & F9F | ¥ mﬂ'o.ssﬁtﬁmqmmﬂiumﬂﬂﬂhlsoutrdmtsﬂtwﬁﬂw
T A W1 T 6.86 N/em?* §1 wifal = ~7vg west B @ T
A wifea)

W—fag 4 |,

d=10cm=0.1m

a = g(o.l)2 = 0.00785 m?

Z, =0, p,= 6.86 N/cm? 3

= 6.86 x 10* N/m? <A ' l
faea, 0= 1.50 liv'sec = 0.15 m¥sec DNt
0.15
===——=191m/
) o~ 000785 sec fm 331

T H AMMEF TR = 0.8 x 1000 x 9.81 = 7848 N/m>
MY B W d,=20cm=02m

a,= E(o.:z)2 =0.0314 m?

o 00314
Z, =2 m 9 TE-AHA, p, = N/m® ¥ ¥R TW,

-

2 2
Z, S N . Z, +2,.% ],

w 2g w 2g
4 2 2
0,886x10° 9.0’ . p @71
7848 2x9.81 7848  2x 98]
P, = 66529 N/m? = 6.65 N/cm? I

JABIW 3.25. U uTgw oA, w087 N T &1 Ao qgw ¢, W U9 U WA @l
20 em = R, | qwt www e & 50 em 8, § witafiy g 41w AT @ W A
R dam 3t ¥ e g 9.8 N/em® W& 5.886 N/cm® & Ud et 200 litre/sec &
Vi et o wwr fewm g W



98 i Tw wudw iR

WA d,=20cm=02m
a = -;Em)‘ = 0.031415 m’

0 = 200 liv'sec = 0.2 mY/sec
v, = - 0.2 = 6.36 m/sec, WZ, =0m
a 0.031415
4
n_ 98x10 = 1149 m
w  087x1000x9.81
fxBWd,=50cm=05m, \
a,= 205" =0.19635 m’
o2 02 \
g X =
a 0.19635

= 1.0l m/sec; Z, =4 m

Py __ S86x10' .0
w  087x1000x981 /\A/’

fag 4 W Tl Wi,

y R @ (Datum Line)

w 2g faw 332

fag B W Tl W,

Hz.- Zz +&+-—v§" ﬁ
w 2g

= 4+689+ A00 _ 16042 m
2x9.81 '

. H, %1 WA H, 3 afem & s v =1 fan 4 # B % 7O Er @i 20 cm =W A R
50 e, =G @A fal 1 Fw gl aw dnd B
H, - Hy = 13.55 - 10.942 = 2.608 m

msﬁ.mmmﬂmmmmz}wﬂtmuﬂu17.5m’l
mt.Wqﬁmmtmmﬁimmummmwmawu
m/s tnu&qumum-usm/m’ﬁmwﬁﬁ%ﬂ-hﬁmmuﬁ:«r{w
il ahtmdmﬁmnﬁwﬁﬁs;mapmﬁmmﬂin-htmﬁ

1.2m 4 &
m--(eﬁfaa:s.s?»)antmamﬁmmmuﬁwwﬁmﬁm,

I



2 2
1’L+£L+z, = l2--¢-£'2-+Zz

28w 22w f { 3w T
v, = U sy s, \ l L)
R n g2 ' 3 4.
=(2.5) . A A
4 12m l
vy= 1.5 mss, l 2
p_ Z6867x10° _
w  1000x9.81 ' x5
aq1 0 . 1.2 m

w

A1 39 39 T W SR 2@ F 9 4 Hex ) 2@ F e SR 3@ B W Z, = (h+ 1.2) o,
2,=0

(3.57)2 1.5%
-70+(h+12)= +12+0
ax9g81 O+ T

T FA W h=6.465 m I

§ 3.14. AT Wi & SATAEIRE ITNT (Practical Applications of Bernaulli’s Theorem):

AR 7T FY 722 A T VAR F 3 S I T, T TR, 73 9 mw e AfR | =t
MﬁwﬁmmilmmwmmmmmmMﬂmﬁm

W #1 A ST Frefafa ¥—(i) F=0 (Venturimeter) (i) foefz 7=t (Pitot tube) (iii) ¥==a
&I (Prandtl tube), (4) SRFFH @ (Orifice plate) (5) A& e (Flow nozzle)

3.14.1. ATH (Venturimeter)

ﬁﬁﬂmﬁ&mm%ﬁrﬂaﬁm%ﬁm}mﬁwﬁﬂmmm i fag W 3=
ﬁmmm%éﬁﬂuﬁm@mw%ﬁm%mmﬁmmiimwiaaﬂ
TG F B MDA F de TR T I 2R R e

éarﬁ-q:a'ioanoaﬁﬂ%qmmlmﬁma:mmﬁmomiﬂaﬁamﬁuwman
a2 faw 334 Ford w St e ‘

ﬁmmmm(mmanmimwmﬁmwﬁm%uawﬁammaaaémm
fqng@mﬁihymé,mm&qﬂm}mmm%lm“qwmmmfm
ma:ﬁmt.m&wmammmmmmmmm%mmm
aren fam wmﬁmmiuﬂﬁﬂﬂmﬁﬁwmmmm,mmm
mwﬁmamm3.34ﬁﬁmﬁn§%ui=§ﬁm@a:mmmm:aaﬂﬂhm:
mﬂmmsﬁtmm:mamﬁmlﬁammwmmmaﬁmﬁm
ﬁummmﬁuﬁmﬁ@wﬂ%mmm%ﬂhmmﬁmmilmm

HEM, (LS.1) & I8 1S : 4477 (M 1)-1967 A=giiter’” ¥ 5w I &1 T, e R ST
(Calibration) &1 =i fasm ma



At ¥ sz man vaw & W & w Ry 334 A fand ™ § Fgdad % v T S
¥ 1 FI0 (angle) TV 20 A 30° TF W PR W (TG W) T A7 5° F 14° T T S
# i 7w T STEREE W 3 T T O A V6w A &1 Al = A (size) WA B
W X R T o ¢, % = o A 2, @ e ww ok g & s & A & a0 W
20 cm x 10 cm i SAW T VS F =G FAW: 20 cm 91 10 cm B

=l S TEn (Total Energy Line)
¢ ’
] Vireg ] v3izg
3 Ving gEx
"‘:F 7 L zeta 7 -
pyiw L (Hydraulic slope line) pyw
p2iw
- _-__-__-‘-l-l-__
Yg_i” ) R i = ,_.___mﬁ_@'_ﬂ_._.%
ez
Z4 Z; o 4 Z3
] . {

MR T&n (Datum Line)
fum 335
ﬂn3.3siwwmﬂtmmnmmgmmtlmmmm

W FAW: FZ @UE | A 2 W TA, GA%E a9 M F: p), a;, v, ot p,, ¢, v, € 70 TE @ TA W
mmwtnwmﬂhtUMMﬁmmmmmlmzmﬂaﬁnﬂumﬁ

R,
#1z | T qegt vid = @ 2 Tl i
2 2
4 _;_’L+EL = £2_+.Y2. ('.' Z]=Zz=0)
w 28 w 28




Tl | owEw 101

voa
| a
a9 v2=..Q_
]
P p ! 1l(eY (o}
-—l—-——-2—= =———V—-2=-—-———
HAd - * H zg[z v|] 2[("2] (al)}
0?2 -a2
q H=2_121__22
%]
e 0= ——12 . [2gh)
;](af-a%)
71 0= KkJH
ST, K = Amgfomdt feori — 4%V(22)

. (1)
ﬂmﬁmﬂmmw B

¥ wiw i % wRor afe @ Bm 2fd [ """ ]E

f‘am3.3suam:ﬁmhgmmwﬂanﬁrq:ﬁ TR S H—=——— i =f

WM|maﬁm’ngm%ﬁﬂmc T stk & o)

F (A Cd ) wm @ ¥ R farael s

e
U (Coefficient of Discharge) @ wftzxy M t """""" [~ ] e S iaas 8 "" M
U 8 &1 C W WH 0.96 | 0.978 ¥ dry il

Hftrshem T 1 s: Wl (i) W o 336
YR grm—

Q= CKVh == W (Venturi Head)
= A AW T view
M S A W e s A

h=x(S-1)



102z Ao A EEhtd

e x = TAAG ¥ ¥ A X 3
et ¥ Wy 1 ARAY W (S;)
Fegfrndt F W R X H Ao W ()
frepd—3gtdt | w7 @ 73 = farge —
Q= CK\(h) . S I @1+ —
| Q= Caa,yQ28) . 1a ®
alz—a-;‘:
0= C)-:alx,’(Zgh) }(-
J(a/ay)? -1 i
C(w4) (d))*2gh
J(d/dy)* -1
W d, = Y W WEY W =G I d, = F8 W A ¢

wi b= B P2 (i e & Wi )

W

Ll -

0=

S, ) |
v o3 m—
Fpfadt g Prwds W W o T A — dI2
1.&qﬂm@ﬁmwmmtmzammmnﬂ?n?s |
) %3 Wz, 74 F AW 7@ @ HATF wA § He WA FH g A
&3 § 73 o AHETO B SN A YIEFHE @ AL T & AT H A
2.5 izt (WH) T 2
@ &=g{ardt (Inclined Venturimeter) ¥ fagetr aroAT-—-4fe
&qﬂwﬁﬁgﬁmmmmﬁﬁamtawmmﬁﬁﬁ
Gt % AR T AFA =gt FEem ¢ w7 fa 3.39 F FTE Fe
o 2 W afz ST TEn @ T W e Z, 3 Z, A i g A
aﬁéﬁa&qﬂqﬁaﬁﬁwﬁlﬁtﬁaﬁmlmzmwmmm,

Z’+£j_+_vz- = zl+£2.+_vi
w 2g w 2g

a 28 2g
= gl g@a v & fay fen

#@. 0= CKJh muﬂmmﬁmﬁiﬁﬂmuﬂmtﬁmﬁwﬁwmﬂm

v (_Zj +_va)_[22-£’1] (3fah fax 3.39 H)

w



/-emun @ (Datum Line)

e # owEw 103

fax 339
3.14.2. foefz &t (Pitot Tube)

frete et @eft et % w% @ g@ = 1w oid T ¥ Ry A = S

%mzﬁaﬁwmt\mu%mﬂ)ﬁﬁmmg@mﬁm
?1 S fa 3.40 ¥ femm T #1 7@ A Ak F o) 9@ xm o v
TER W@ R 5 T 3 2 S T8 & aTE 1 fewm ¥ fawie sik smen
ﬁlﬁﬁﬁ@ﬁﬁﬁﬁmm%mw%mﬂmmﬁm

miﬁqﬁmmlﬂﬁmﬁh%m%mﬁmﬁwmaﬁﬁré
et ¥ird et 2

nﬁaﬁﬁﬁﬁaﬁﬂﬁrv,ﬁ#ﬁaﬁf@aﬁm%mmﬁm
H.amﬁ%mamﬂﬁﬁaézaaﬁ“méhs’t?hﬁzfzaﬁtaﬁﬁaaﬂ

ﬁmwﬁéﬁmaﬁmm%@m@ﬁ@Amsm(ﬁﬁam
%mmﬁﬁaa%aﬂtﬁ%ga%wﬁm:mmw%)m
™ & IER,

A T Fl Wi = B W geget vid

7 H+Y =H4+n
2g
v=/2gh
TE T FHHT & WA TH I O (Coefficient of Vel
mmmmmmuﬂnﬁwmmmﬁtm%lm

a

WHI,

ocity) C w3m fargr wim; @ 3k 7@ 4 @1
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104 zE™ w1 amdElm §eifd

3.14.3. JMAERHET (Orificemeter) W JMFEW W (Orifice Plate)

o fogra @t ag0ard & fagr & woR @ € e am SRR @
A T FW T TE I o i I F e W !
T 9 ot & R 3,411 vee g o sierr R §1 Q) RS
% o9 ¥ uF Uy F U e vaeh S o o € e T 9% o
21 T8 43 W I w82 ¢ sh 7w e siffew @2 FEen 2
92 W1 ATH TRY F W W 0.4 F 0.85 7% B THA 8 W AUFR
T 0.5d T&R ¢ ao s S } waw & 3K @ 1.5 ¥ 2d T
1 gt W 3k Frrm = 3R 0.54 T W 7@ A i 3.42 F ATER
=m %3 ¥ o T 3 e s ) el Wt & forg ol 9w
war feg wmd € ot Agiodt & forg 92 €
FMfEE deT |/ 39 = fagss 3@ s—
T fF, h= Tamrd #t dfen,  p, = ¥ W 3@ F M@,
v, = ¥aW W 3d F 7, a2=mmmmm
Py V3, Gy = %3 (throat) #giq AT W FAGed T (corresponding values)
4 URY ¥ WAW U 9w 3 W Sl S # W 0 W,

z,+£1+—"12- = z,+£l+l’22- i) wH
w 2g w 2g

A_P_Y Y

w oW 2¢ 2g
(WY F F219 39 F AU A 84, Z,=Z,)

h= _Vi.__‘.'zL ...(i1)
2¢ 2g
4 4 ﬁ’
Higm T F F7AR €0 9a £ o

alvl = azvz

yawe

q] Vl=£2')(\v'2
9
7 =§;zw§

2 & 7@ WA A wE (i) § T W,

(Vena-contracta)
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ﬁfcjﬁtﬂzz#mmmrﬂzzmﬁmﬁiﬂdmhme):
Q: mﬁamm’“’z"z

Caya,
0= 1 x J(2gh) ...(iii)
J(a.’ -d)
TE P A0 F g3 F o A 2
m(iii)aﬁmmm%mfi, 1 d, % a4 ¥ 3 WHR b9 =3 fa -1 gwm 2—
0= (k) (iv)
[1-(ay/ay)*]
0- Ca\/(2gh)
Jl1=(dyldy)*]
~(d?)\2gh)
a1 O=Cx &‘—.—4——
[d,/dy)* -1

3.14.4. vaT® AN (Flow Nozzle)

YA A R sreen fod 3.43 § frarh v #) T
mﬁmﬁaﬂdﬁmmmﬁuﬁm#m
%mm%ﬁmwrﬁmﬁmwﬁmamél
THH U T S v (Convergent cone)
%Wﬁm%amaﬁmﬁz%%zww#m%

fdt, @ = —CaV(28h)
N (dyld,)*)
Tﬂ'b"f, C=mﬁﬁamm,dl=maﬂm fax 343
dy = 3 F W, a, = F3 F NAFA, h = AR
3.14.5. ¥=-EA-TE (Prandtl Tube)

m-qﬂ?.ﬁzﬁfﬁmﬁ?ﬁfaﬂw%lSﬁﬁfﬂﬂﬁaﬁmvﬁaﬁiiumﬁmm
T B

#m-qﬁltmfaﬁztmsahﬁ—mﬁ?aﬁ
1 I 7E F fa-vid W wefi| o &)

hza—m%g@ﬁﬁmwanﬁmmmm?mmmA%ﬁmmﬁaﬁ
N % vgea &1 w6 wER 39 @ -y (velocity head) fo0 4 ¥ F2 armrdt = o1 @ weffm am

T | S e s @1 qonedl 4 W F w6




u——ad——-i
Iy

o

= '

0.3d
(b)

()
fax 3.4
WTTA-Tell F B W WHig-f8% (circumferential holes)ﬁﬁ%[ﬁﬂaﬁﬂiﬂ(b)]mﬁm
dﬁm:@ﬁ:mmwmm%aﬂtfmsﬂﬂmmﬁwﬁmélwmmﬁ
2 oeh A W F W § R 33 F ge e H | @ e
T:ﬁs:aaﬁnﬁ v @ TR % @ ¥ 3 h 8, 7@ wa V= [(2gh) 3 wfq = A T
=Gl

mwsm.uiqﬂmﬂm&MWWscmtmmwmzcmt,@?W
mﬁwﬂmtﬁuﬂ:d:ﬁﬁ:«ﬁnﬁmwtnmi@vﬂium (Tt %)
mmtﬁﬁﬁmﬂuwﬁwomtﬁmaﬁﬁﬁﬁsﬁmmﬁmﬁumﬁmﬁﬂ

® & 7 S I litre/m ¥ A

¥o—fza &, WX Ui € =0.92; FAN: ¥ 39 HS W HW d) = 8em =0.08 m;d,=2cm=0.02m
0 W, h=42cm=042m (); O 7 T 2

n ) r'__-

0=CcaN Jogh _ o, avleh CXM

J(@ -a,) ((a/ay)* -1] Jl(dy/dy)* ~1]

0.92 x Z(0.08)* (2 x9.81x0.42)
0= 4 = 8.296 x 107~ m*/sec
J[(0.080.02)* -1)

I

— 8206 x 10~ x 60 m*/min = 49.776 lit/min
mws.zs.umaqmtmumumm: 20 cm 74T 10 cm &1 TH W&
mmmmmquwtmmzscm (arm) awiten 1 afz C, = 0.98 &
N waw @ g FA Hifae)

T— (2@ faa 3.45) ¥au a9 %3 W AW T




d=20cm=02m
aqr dy=10cm=0.I m
SRR, A =25 cm (Y1)
=25(13.6 - 1) cm 9t
=3.14 m ()
C,=0.98 am O F@ & 2

0= xw4(d|2}\f(2gh)
= |

T F oA

(1

J(d/dy)* - 1)

_ 0.98xw4(0.2)*/(2x9.81x3.14)

=

Jio20.1* 11 v e

= 0.0628 m’/sec 1 62.8 litre/sec 3IWT

fax 3.4s

ms.m.@s&qﬁmﬂﬁw&wuﬂfmmtﬁaw&mmmm1.75mm=ﬁ
tvﬂi&mﬂtammmlsmmiqﬁmﬁ%#aWWSmtlﬁam,ﬁmh

A A a9 C = 0.98 =
TE—FH I 2 fF I ¥ 5w W fael,

0= ckJh
> aya
W, K= —12[(2g)
(01 —az)
T gfaw ¥ fau @ e wer fafer—
K: 02\’(23)
V= (ay/a))?)
¢ Py T 2
el a;=—=x(0.15)" = =x0.0225m?
= 3% (015) 7200225 m
T 3 T >
G| a, = —(0.05 = —=x0.0025 m?>
) 4( 4:-( 0025 m
Ex(}.O(QSxJ(ExQ,Sl)
K = = =8.784 x 1073
- (0.00250.0225)7)
NN, Q= CKVh = 098x8.784x10 J(175)

= 11.387 x 10~ m¥/sec = 11.387 litre/sec

107




108 TR 7@ adw R

T 330, | em &3 & ww aven a3 —— R R L)
wifm W TR M C=1 R A et m® o R Awvs vl @ W ¢

ﬂ-—m. TR = 0.005 Wcmz - sokgr’mz
a: mm,k-.:g:%:oﬂsm

W 1

L freds 0 = l_{c" 2eh)
1-(ay/a))’]

a = ~:—x(0.03)2 m? = -ExO.(llﬁmz

a,= -‘f"fx(o.m)2 m? = %x0.0(l)lmz

_ 1x /4 x (0.01)° /(2 x 9.81 x 0.05)
J[1-(0.0001/0.0009)*

=0.0783 x 10~> m*/sec = 0.0783 litre/sec

T 331, 30 cm VAW W T 15 cm &3 W AwN 4R gy e o farwra W

& forg Wi fsan w1 YAW AW S5 W 93 UH Wegwll qARRET T wEEis 20 cm (m
w) & ;W C, =098 ¥ A Fwely 7w wA g

TE—NER, g0 & Y3V WA & 8%,

n 2 n 2
a,=—x(0.3)°=—-x009m
=0 =g

o
I

Fgad F F3 W &A%, a, = ;:-:(0.15)2 = %x0.0225m2

T % 0.0225x /(2 x9.81)
d=g0t feoi® (Venturi constant), K = V(28 _ _ 4
(-(afa)t]  |[1-(0.02250.09)]
= 80.86 x 10~

24 ZEFIEN 1 929iE =20 cm = 0.2 m (IAT)
ﬁmth,ma&uﬁﬂuﬂdﬁmﬁtmwﬂ«aﬁtm,h(la.ﬁ—l)xvﬁmvﬂi

=126x02=252m

TEFER fagsia 7oni®, C,=0.98
T farg i (discharge), 0 = CKv/h =098 x 80.86 x 107 x |/(2.52) —
S€C
= 125.79 litre/sec T



a= E—x(Oj)z = %x0;09m2

W W W2 F TG, a, = %x(O.Z)z

. a0 RYT® (venturi constant), k = (2g) o 2RO %4 X 98D
B [1-(ay/a)?]

J1-(0.04/0.09)%)

= 15531 x 1073

ﬁmtﬁm(pressurediffmncc)ﬁqﬁﬁmﬁmﬂtm (781 7% 73 = ?)
e ¥ ol frer g3 v e 2—

h=ﬂ£ﬁxqﬁmm=mxw

0.7
= 184.258 cm = 1.84285 m

3= fawsh o v @ =, 0= ckdh

= 0.97x(155.31x107) x \/(1.84285) m>Jsec
= 0.20452 m*/sec = 204.51 lit/sec

L@y = 2x(0.16)° = %x0.0256m2

F3 R TR F XA, a, = -:-x(o‘osf = =% 0.0064 m?

‘aﬁ'ﬂ farei (venturimeter constant), k = __“_2_______:_______ V(2g)
[1-(ay/a))*)

- M4x00064/2x981) —
Nt ~(0.0064/0.0256)?

374 I & fagely, Q =40 livsec = 0.04 m¥/sec

W R s, 0= cx Vi

(&1, h = gEFw) (i)

RS T T T e




— Ashian ( I"Iyorauumruuuumuwu Yo

110 w9 T S gt

o TN (i) |,
0.04 = 1 x 0,023k (¥ =)

2
o h=[°‘°“] = 3,024 m
0.023

o R b ¥ TR T W W™ xem & W E R
h= ——&(13'6_ )xx
p

sa4= 13608
0.8

L re 32024x08 _ 189 m =189 cm
128

T 334, T AT 25 om W & wyw F e §1 o ;
7mnmﬂutawm«mﬂnﬁwimmsmmvﬂitlw*““:
|

W A wRA e W s ¢ =1 W) |
w— WY R $%9, a, = {- x (25)2 = 490.93 cm’ _
f, © = 7200 lit/min = 120 lit/sec = 120 x 10° cm/sec 5,‘

gt % ¥ & g, h=6 m =600 cm
w7 %3 = §9%a = g, cm?, 0% C= 1

0= Ll J(2gh)

@t -a)

Ca oy
Q = 1 X (Zgh)
;}[(a,/az s ||

i 'IZOX 10° = —lﬁ&gy’——x,{axﬁ?glxm
Jlaay)* ~1]

"
(ELJ - 1] _ 49093 | [2x981x600) =4.438

# 7@ FAW

a, T 120x10°
2 vail = M FA
2
(EL] -1 = 44387
\ @
2
a1 [EL =207
3
o 4 = J(20.7) =4.55
a
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490.93
'q'l' - .31_. = —
927 355 T Tass

%3 1 =19, dy = (4" lT'”J = ,11'72 cm

= 107.89 cm?

IWm

FETETW 3.35. 20 cm x 10 cm WG &7 Aivfizt 7% wed argw & wow 4, Fored woh w1 vy A9
R IW A ik g &1 Aginher & B W W, WY AN FE X 20 cm T R B ot
= W & WO YAV A9 %3 % e azZyif- Traardt (differential manometer) 25 cm T
(deflection) Wit &1 A= T[ories 0.98 wrERT fraely w@ W

TA— AR, a = %x(zo)l = 314.16 cm?,
a,= g(lo)2 = 78.54 cm?

g fagsta, 0 = Caje; x /(2gh)
(at -a?)

_ 0.98x314.16x 78.54
J(314.16? —78.542)
= 62493.61 cm’/sec = 62.49 lit/sec

x 2% 981x25(13.6-1)

I
ST 3.36. TH IZN (vertical) THI-FMEF ¥ 30 cm x 15 em N & AgindieT / 0.9 I

wmaﬁﬁﬁmﬁmﬂmtl aﬁ'ﬂ"ﬁﬂﬁ(ﬂ;#ﬂ-ﬂﬂ*ﬂ!ﬁﬂﬂ‘h(oﬂ-mmry
differential manometer) WAV AAT H3 F g TET T R H foe s W Y et
U WA W UR W 25 cm freaw zwtm #1 dnfer S '

(manometer tappings) & #f& 30 cm i {ﬁ 1 4 A SR —
(i) 9 = faesty, aar

(ii)uﬂwaﬂtairatﬂa'm
WX @ T 0.98 wifm
m—ﬁa}%ﬁmﬂﬁﬁtﬂaﬁmw%m%m‘

114 3 ]
a, = 1(30)‘ = 706.86 cm*

(pressure difference)|

a,= Elm’ = 176.71 cm?

13.6
h= 25 ~——~—l} =3528¢
(0‘9 '. 8 ¢m

() FEIER A &1 fage,
0= (t"‘b ‘—x\flgh

ay —ay

fax 346
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_ 098x70686x176.71 - o513528)
V(706,862 ~176.71%)

3
= 148800 S™_ = 148.8 lit/sec
sec

(i) AW T & F N TR = WY W T - F3 | A
=P\ P

W Worm W v,y = £ = B0 5005 cmisec
a 106

ﬁﬁm, Wﬂﬂﬂﬂf&,v,=2=_—=842cnﬂsec
A~ 176.71

YAV W %3 W e S w50 W

Zl +&+_V12_ = 22 +&+Xi
w 2g w 2g

2 2
0-!--E|~-'-210'5 =30+£1+ =
w 2x981 w 2x981

P_P2 _3913-226=3687cm (3)
w w

=3.687 m (3®)
yaT® W T

S 3.37. 0.5 cm &3 F =W WEn AU 1 cm WE AR T THY X TH
"ﬁ*ﬁ!mmtl!ﬁwmmmﬁmmwﬁwwmwcm’wﬁm |
s W@ AT C=1 B @ fEay v ey 9 wid dwve waEa € @ 87 ‘

w—fa ¢, C = 1; 799 79 ¥3 W =E T,
d|=lcm=0.01 m;d2=0.5cm=0.005m

40><104
- 2_40x10*N/m’= ————— m
Traral b =40 N/cm X m 1000 x 9.81

I

4
» _ 410”1 (9r) =004 m ()
1000 100

: Cx 7 (d))*(28h)

|' 0= r

; Vicdidy)* -1
_ 1x(w/4) (0.01)° x /(2% 9.81x0.04)

| J[(0.010.005)* -1]
= 17.96 x 107 m*/sec

—4
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mma.ss.mrscmmmmmﬁ‘#mwmuﬂuﬂwﬁmﬁwﬁmhw
mwimwmtmnmmsmtummmwtw
ﬂ'ﬂﬂ*ﬂm#wmms)i'ﬁrmmmmmmﬁmmmmﬁmﬁl

w—Ra , v 7w 2 7 =g w=-
dl=lScm=0.15m;d2=8cm=0.08m

Q =60 lit/sec = 0.06 m¥/sec: am C = | 3R h 7w R

2
0= X JAgh) 5 o 11
Ji(dy/dy)*)-1

\ 0.06 < 1% (¥4)(0.15)* x (2% 9.81x h)

JI(0.150.08)* ] - 1

0.06 x [158]* -1
q \f}? = & oo
(n/4) (0.15)% x /(2% 9.81)

h=6.69m It =x (13.6 - 1)

h= -&-—L:& =6m (fzmg‘)

w

fj =oafkC=1;wmmm,dl=25cm=azsm;

3R Q=1501lisec A 0.15 m¥/sec

_ Cx(m4) (d))* /2 ,
a: 0= () VQgh) ¥ UH T W,

l(d\/dy)* 1)
015 < 1X(m4) (0.25) ,/(219.31 x 6)
VI0.25/d,)* )
- 1 - (0.0039)"
d, = Bss | “0BmA13em IW




114 ww w@ wEw i
STV 3.40. T T (Vertical) Tya g &, W 30 cm R 18 cm v weet £, 0.8 afis T
(Gasolene Mercury

et AR S W W g T b o e et g

mﬂmﬂﬂumm)wmmlsmmmﬁmﬂumiﬁ‘mwm

l’liﬂlﬂu‘tﬁﬂ(Mlnomzterhpplng)imilm‘&‘ﬁtmﬂaﬁﬁﬂ'ﬂﬂﬁtSOcm

uidt &1 ww v s ol W T AR gy e W BLLi
T

w2 R 347 Rt d=30cm=03m;dy=15cm=015m
Lo (R ) AT 50(%89-1] cm
=800 cm = 8 m (&)
wifs o aw = el g st we @ Ty 2RER & ST
AR T W IO e aW C = | ¥a WA & @
- Cx w4 (d;)* (2gh) L
Vi@ dy)* -1]
. 1 x /4 (0.3)% x /(2 9.81x8) fam 3.47
J1030.15)* -1
= 0.2286 m’/sec T 228.6 lit/sec
T 3.41. T GgER wYE § et g WY & @eA a9 | 15m ﬁmﬁﬁﬁ?lq:;‘!ﬂ

t!‘“m“ﬂmﬁtmﬂmuﬂmwtlmwﬁﬂzmﬁv- ur
Tawd &t R gl ¥ My W ¢ W OR & q@ § FA (7 em giar &) wegsh @1 Tl @

#if aft TgR UFT AW W W Mo Wo HWW: 1.026 A 13.6 ¥
e—fel 6l ¥ = W v F S,
h= x(ﬁ-lJ = 17[[3‘1)-1J
S, 1.026
=208.3 cm = 2.083 m (WY1 51A)
vgeh F M, v= [(2gh) = (2x9.81x2.083) =6.39 m/sec

|"—50cm—-|

30cm —*

IW

o ION00%E6 oy o 23 X2 L
1000 hr

FZTETOT 3.42. 15 cm A F AT AT (Sharp Edged) Ft 7@ @2 (Orifice Plate) T& 30 cm
'cgnt mmiﬁ'«dﬂmﬁtﬂﬁm#h afz @z % FH AT @ g dtaar HA:
17,5 NJem? AT 8.75 Niem? & @t fawsi @ q@ At (Orifice Meter) %1 ¥itd gifa 71 o

Cd = 0.62 w2

. )
w w

TE—RAIER,

e ————————————
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_ 17.5x10*  8.75x10*
1000x9.81 1000 x9.81
& C x(n/4) (d))? x \J(2gh)
Jl(dy/dy)* -1
_ 0.62x (/4) (0.30)? x /(2 x 9.81 x8.91)
J10.30/0.15)* - 1]

=891l m

= 0.1495 m*/sec IAT
o 2\ (22,5 (2_p), v
wmm: _L+._L|_ L Sl U (RO I - T el .
w 2g! \w w woow 2g
HTE ey Ao & o Z = Z, v mm ww PL_P2 _pogoim
w w
EE] ' vl=_Q_
a
qe v,= £ @ w,
a,
[ 0.1495 ]’ { 0.1495 ]’
2| 2
T S &= g9y LW4) (030) (m/4) 0.15)* |
2x981
352.67
= 8.91*—-—-——- =-—9.
19.62 e W

(=) ive sign Sl # wR H Tvdar 2
JTEIW 3.43. U A A=AWET (Inclined
Venturimeter) & m et | -
(i) YT T W =W, D, = 400 mm,
(ii) &3 =W, D, = 200 mm
(iii) UgT T w1 dfew ¥y - 30
(iv)iﬁﬁvﬂzxﬁuﬂwﬁm“uﬂ{ﬂ
= 600 mm
(v) TFUETET / R A AW W fafyre
o ‘S’ = (.7 .
(vi) W = fafire e <5 < 136

(viii) e wuiie = (.98
TEU T A A Wt @ oW

e .
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W& W =M, D, = 400 mm = 0.4 m

m.__
37 T W AT, 4, = % (0.4)? = 01257 m?
W YR &3 W AR, 4, = % (0.02)? = 0.0314 m’

faud #Anfiex =1 W=, x = 50 mm = 0.05 m
T4, h= x[%‘—l] |

1

h=0.05 (13—76-—1] =092 m (ﬂ'ﬂ & m ﬂi)
FR 10 T2 W A WY T W,
2 2
ﬂ+Zl+vl =.p_2+zz+ﬁ.
w 2g w 2g
2 2
(Baz) (2] [ 5] -
w w 2g 2g
RS {ﬂ+z,}—{£2—+zz} =h
“!
= :
3 h+{—vi—-vi} =0
2g 2g
FZ ‘1’ 9 2° W Hiad TS (continuity equation) M W,
Alv']=sz2
_ Ay, 00314 Y%
s R UL M
h A v, F1 A g (i) ¥ @1 W,
2
092+ ¥__% g
x2g 2g
71 _»%_[l___J =092
2g
q —~ =092 x2x9.8I
"xus

vy = J(I92x-l—:x2x9.81 = 4.38 m/sec.

Y AR F A ¥ F W= 0 =,
= 0.0314 x 4.38 = 0.1375 m*/sec

..(1)
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TN 3.44, R 3,49 ﬁﬁ'ﬁumﬁmtaﬂmfmﬂwaﬁmtmmf‘wmm
R &&E ¥ Q00 m m*mmﬁonmfs«wﬁ.mmﬁlomwmﬁﬁﬁw
W W W W g LA m oz e o a2,
uq A g (over all efficiency) 70% wifah

T@— 99 g ﬁmﬁw@fqﬁlaﬁm, 0 = 60 litre/sec = i% = 0.06 m*/sec
UEY 1 A9, d=0.0l m

mmm,,q:;dz

Y F ATEA, 4 = ii x (0.1)? = 0.00785 m?

T A &A@, % = 70%

@

0.1 mdia 4m
‘1’ I E Pump T i
N 4m -
oI |
Water-Tank
fax 3.49
v Ve —aiad e @
Q=Av
0.06 = 0.00785 v
\?;ﬁ-( = 006 =7
"= 000785 - 164 misec
ﬁﬁ(l)ﬁﬁ(z)mmma‘nﬁw,

2 95

vy >
B4,z +Hy=8,% 5
w 2g w 2g =

‘ﬂﬁﬁfﬁvmmaﬁﬂmﬁa(mmaﬁﬁﬁﬁ)




118 T 7w A it
2
0+0+0+H =0+_(l'_§.4;)—+10 ('.'v=v2=7.64mls)
2 2x9.81

H,=1297 (TR %)
s@: WY W 9N & fou sraws i@,
QH,

P= X
o
_ 981x0.06x1297 v _ 109 kKW I

- 0.7
(qﬁ w= 9.81 kN/m3)

Lmuwmtﬂmt—ﬁgmm(mmmmwﬁ%
2
El—+1‘——+Z =&+‘—§-+z
w 2g : w 2g *
2
0+0+0=—’1+ Tk +4
w 2x98l1

PL __297-4=697Tm
w
P, =981 x (- 697) =~ 684 —kh—; IW
m

T
mﬁ%(l)mm)mmﬁmwﬁm,
PRz H, =t e,
w 28 w 2g
Pom 7.64* +8

0+0+0+1297=—+
w 2x9.81
2

1.64 -8=12.97—2.97—8=2m

Pw - 1297 - ———

w 2x9.81
p, =2 x9.81 =19.62 kN/m’ I

wgATaEt

7a Tfa@ (Hydrodynamics) % fa@r fafau
mﬁ:ﬁaﬁmﬁamﬁmﬁmaﬁ-ﬂwﬂi?

4 g faven & d e fagr waed|
:&faﬁmmmﬁmﬂﬁmt?wuiml
o9 Y@ 991 91 @ § S W HAl

o Y 7o @ o e €

N VAW -
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sftvr fafag aor gaesm—
() rafeadt qon vftaedf warg,
() =l am faeey yam,
(|) 99[ 991 89 WaGE)

(UP 2017)

(UP 2019(s))

8. WATE #! 2 A Y 1 Tz 2

10.
11.
12.
13.
14.
15.
16.
17.
18.
19;
20.

21.
22.

23,
24,

23,
26.

27.

28,

29,

zal % 3i A A = At 22 T e,

HIfH-3T (critical velocity) #11 Wef¥m Fan 22

%A % WATE W Fided T gommE) (UP 2019(s))
[ia FHis0 &% wfqers guzmy) (UP 2017)
Hidd FHIEHTO & ST qaEE| (UP 2017)
A A foFa R # 9l A #2 wwmmE

Tfaeiie 59 1 F (Kinetic energy) WHETZA|
53 &t wifaw I (static energy) T9Ed|
53 H YT Sl o S e i
S gt & rwam fafa)

T T 3TvE- Vil W = S F

forelt 2ot & <@ p N/m? @ vt s e v 2 T O m¥/sec WarfEa fFan = 1@ A A vy = sva-
vifert Fma hifs

amvﬂ@za‘faameadyﬂow%mmmmmaﬁﬁammﬁnmmtﬁml
aﬂaﬂ%wﬁaaﬁmmmmmm%mmﬁmmﬁmﬁmaﬁmtmfaﬁm
(UP 2018, 2019(S))

(a)&ﬁﬂqﬁ%ﬁwmmwmﬁlﬁi?

(b) IR qem siffrg ey F T HL (UP 2018)
Wﬁaﬁﬁmﬁ%ﬁﬁzﬁﬂﬂmﬁmmmm%? (UP 2017)
ﬁ%@aaﬁm@amﬁﬁmmﬁﬁﬁw%@mm%—

(a) ARIHEH wrex (UP 2019(S))
(b) ¥a® FeH

(c) ¥=za =@ (UP 2018)
mcmamaaqawrswﬁwa:maﬁzto.lumsec%1@%&1131#«3%%3@1

[3¥—15.788 m/sec]

[F—5.4 m/sec)
U 12cmmarémﬁwﬂmmsmec%&nﬂﬁménmaﬁﬂmaﬁmmﬁmmm
tﬁi~*ﬂim&{qifaim20cm3\mm%a‘rmfaimmﬁménmaﬁﬁra:

[F¥—0.0905 m¥sec, 2.88 m/sec]



120 =@ W S St

@wmmm'@maasmmnmm,@thﬁmﬁmitwi‘wﬂﬂw
mmmtnwmm%ﬂmhmmtmﬂmu‘am-ﬂM| (UP 2006)
[aw—a.5 misec. 113 ke/sec]

31. T 40 cm S T WEY, fawd v R, mcmmmcmmtﬁm‘fﬂﬁﬁ?'“ﬂwcmm
ﬂﬁ‘lﬂﬂ#ﬂaiﬂ3:nfsechhmwﬁmvhmaﬂﬁlmmcmmmﬂmﬁﬁﬂ ot Jma Fifg
(UP 2012, 14)

2R 30 cm =W T IRY ¥ w3 > sdoec
[@w—0.375 m/sec, 7.54 m/sec]

fax 3.50

32. wz'ﬂffsoliuﬁuazzﬂummwﬂmtmﬁmifzﬁ 1471 Nem? @ @ 79 % fed
STavEE viad I S| [@—7.36 kW]
gq’&?fh’i‘l"a?aﬂmmcmm ]

Wlwmmmmmswuusmﬂu%wﬁnﬁamtl
afczocmmu@riﬁwm1.%N;cm=ﬁa§aimimtﬁ(tﬂawﬁ)iﬁa‘ﬂml |
[@F—25.89m]

wmﬂﬁmwmm.ﬂrﬁaﬂmtmﬁaﬂmmfam:ﬁﬁmaﬂﬁﬁl
[3T—5.097 NnN: 5.097 m]

35. TF 7 cm =W & WY W mzqzﬁamaswfcm?%waﬂ‘ﬂ
1.5 misec @ 3iwa ofa & o et Wi b @ e SR
W fEadt sva-wfEa wra €ri? [3X—42.1146 m, 2.38 kW]
w9z 9 | 100 m A 39 W T #1315 m/sec si z7@ 41.2 Nfem? @ @ 9t & 49N R =GH W
[F—7.6 kNm; 153.4 u]

gﬁlaaimgraxﬁimiu
Zézmwwmﬁmilwaﬂam%mﬁSmﬁaﬂﬂ

37. qmqaﬁaaswsa:&nﬁ 19.62 N/cm
mtmwmm*mmﬂmm'ﬁd (TolalHead)ilTi’lﬂn'ﬂJ
[3T-~257 Nm; 26.275 m]

m/sec % A A ‘w N/m’ mﬂfmmmmﬁmimﬁﬁzﬂm

15cm 1

36.

5. forel ot 4 2 35 TEH P
31Q}m‘a'mzﬁﬁﬁ!ﬂmmﬁﬂmp.)%miﬁiﬁml
ofz 1 eitex gt H

12 m/sec & 31 @ @€ @ 3 cm mﬁtwﬁzaﬁm—:ﬁmaﬁmu

39.
98N I (3WT—0.8229 H.P. A1 0.6056 kW

_4




40.

41.

42.

43.

44.

45.

46.

47.

48.

49,

50.

<3

52.

53.

T W owEE 121

TF TEY F FR @I Ho | mmwmmcm.&nmecwm1aN;cm2ﬁa%aﬁt#ozmm

ls.:m,?ﬁ'arhm%?ha'ozmmﬂhiwmaﬂﬁr&luﬁmaﬁ#ﬁammmﬁl.szm
FIW R

[F—9.75 N/em?; 12 mysec)
mmmuﬁméfmﬁmhﬁaﬁﬁmﬁ&nﬂﬁmmﬁmmtmﬁﬁzﬁmw
ﬂﬁﬂﬂﬁdmmﬁaﬁmwﬁﬂwmmaﬂﬁm;mﬁmmi? [F—14.01 m/sec)

T 159, S 0.84 Wmmmmﬁaémt.%m,qwmzscmmmammsom

%lmm450|iue;sectumA.msﬁzsmMmmiinﬁﬁmﬁAmsvmm
T FHW: 55 kPa A4 320 kPa tamﬂwmﬁm%mwmmml (UP 2010)

w—mmﬁ=3.|5mBﬁAﬁa\1mm
mmmmmmlmfz‘10cmaﬁuﬂ$ﬁmﬁa¢lmilwﬁmmmmﬁﬂ%ﬁw
@ﬁmﬁﬁrwﬁsmmffﬁ%mmﬁqﬁmml

[F—0.12 m¥/sec]
10cmm%ﬁaﬁﬁmamﬁaﬁﬁr§mﬁvﬁuﬁmﬁnﬁ@mu:zm—‘mnmm

[FW—11.93 m)
w%mmmﬁﬁnﬁmmm&nwﬁzm 2.smmtswﬁgﬂ5mﬁtﬁ§w
wmﬁmm&@%mﬂml [FM—10.2 m/sec)

T SIS WL (fire hose) 3 Fet W =it Afarey 30rrus%:anﬂmm(ﬁz)ﬁmrﬁtm
FE 5 cm ?1 W H Iva-vifw 7 w596,

[3%—36.032 H.P. = 26.52 kW]
mmqu&wm545.0ﬁanhﬁo%mﬁwmaaﬁ%:1‘mwaﬂmm—
vfed s wifs) [39—290.67 H.P. W 23193 kW]
wwmﬁwwmfwﬁwﬂﬁm%ﬁnﬁs.smkmzﬁaﬁ%mﬁz‘ﬁﬂwﬂmh
alomﬁﬁa%mﬁuﬁszénmmm . [F9—19.307 mvs)
TH 150 wwit st 2ufia ey loonmaﬁat&wafmﬁam%umwa&a%mam%Mﬁ
2.5maﬁai-ar§m%|méﬁfaﬁa=

=W 25 cm FW 15cmt1w&25cmmaﬁﬂﬂwm
13.73 Niem? 21 @ T80 fR W 2w 3 =

[F—12.34 N/em? (frafa))
300mﬂ'@wmﬂrs=:mw1:lm%mﬁilm%mmwmlmmﬁaﬁm
F AW 0.5 m ?1 YA® F 5400 litmin iumﬂmmmomwcmzﬁ?ﬁﬁaﬁﬁw}wmm
Eate

mmmmssnmﬂamﬁﬁtmﬁﬁm%m
amﬁq@ﬁmmwmmn

[F—0.157 N/em?)
|5cmmmmmmthﬁﬁgmﬁa.ﬁmm&muﬂatomi,ﬁwﬁ%m
WA WA 1 WEEA | m w4 w@

mwmﬂﬁmmmﬁlﬁﬁﬁaﬁm4mﬁr§wilw
maﬁwi‘mwmh@~C‘,5.5mﬁaﬁtﬁmiamﬂfﬂq—

(i) 'C W TE,

- e e — - —



122 Tdw awm s et
mmm.zmummmm

s ¥ g ' w A ofy osm Tw g O R firfy firg T
' (UP 2007)
[We—88.36 litre/sec, (ii) 25694 N/m? fra)
g % @ 20om 1§ om www: firg 4 7@ B

54. o T R-ER AW (Taper) ¥ it 7w F wew b
uhMAmnwwwm:mwmmtuﬂqﬂmmﬂo 13.6 B A ¥ A g3
frgds I R | C, =097 TR [FW(—46.23 livs]
mtnuﬂiqﬂuﬁuiumﬂwsqmua

55. o At Y ¥ O I TR 12 om W IR
mosmnmaﬁtﬁuﬁo&mmtmwmmmml c,=0.98 WAl
[@—0.021 m’]

56. Nwwﬂuﬂﬂ«mmmuﬂmmmcmmmﬁﬂwmmnumﬁ
‘“w"ﬁﬂnﬂﬁmﬂt'ﬁMU-«nmmew = 8 cm R
Fghwrdt = TS 0.98 i [FAT—34.3 lit/sec)
7. GWMﬂwmumt.zsﬂnmmﬂmwmmmmﬁﬁﬁﬁm
& ¥g@ W 412em (ﬂ)tﬁqwmﬁmﬁ1idminﬁmmﬂ'&whumqvﬂmo.97 iR
[@¥T—81.72 lit/min]

s8. 15mﬂtmmmﬂ45mmtﬂtmh(mmn)ﬁmtluﬁmaﬂtwt
ﬁﬂmmﬂwwiﬁwaﬂ(ﬂﬂ w1 & 7@ ¥ 30cm a1 @) A thex | B e s
[FAT—148.557 lit/sec]

Wsecifmummawmomm
59. 16cm x 8 cm iﬂtiqﬂﬂuwm%awmﬁo.s aﬁﬁ!ﬁmmﬂ%ﬂmmmmﬂ
tﬁﬁ‘whﬂﬂmaﬁmmmﬁmxﬂaaqﬂﬁamﬁaqﬁtw*vﬁﬁ
fsam v SR T C=1 A [F9T—29.6 cm]
mm—rﬁﬁmtmnm%,m

60. wiﬂmmwtwﬁmmmmmw
ﬂnmmmhﬂﬁmwﬂ%mﬁmmaﬁﬁvﬂummmaﬁl
[3aT—13.6 cm]

61. wmxISMWNWWEﬁW ,
ﬁﬁatmwwtﬁ{ﬂncmtmﬁmﬁmﬁaﬁﬁwﬁﬁﬂﬁ%aﬁw
wnmﬁﬁwﬂwhﬂmfwﬁmmﬁilaﬁﬂmom | [FAT—146.44 lit/sec]

62. wcmmi:fuuaammﬁuww(Coefﬁcicm)o.es #) sffifrg e, 25 cm FAE H IR
e & o €, fared 0.8 uﬁhmmm%mmtumﬁa#ﬁmmw,
mmfsmwmwﬁt:ﬂitmtumwﬁmmmumeﬁmmﬁﬁn

[@—81.97 lit/sec]

63. 20 cm ST % YEY ¥, T 10 cm H A siffra izt e T 1 5 y@E (Upstream) 1 AT
(downstream) ¥ T g SMIEH He ¥ 2 il ¥ Afn FEA: 19.62 Niem? 791 9.81 N/cm? &1 Hiet @l

mwﬁo.ét:mmwmﬁ:aﬁmaﬁml (UP 2012)
m!
I¥T — 0068216 —
sec

64. 1.6 aﬁﬁmm(sp.gr.)mﬁntmuﬂﬂﬁlmmﬂﬂ,mﬂﬁrahmitﬂwmm‘lrrd!ﬁra\'z*

Tt A Za T AR YegH-grEad F waﬁscmuﬂtﬁmmﬂmﬁmm C=1 wfa |
[Fe—3.43 m/sec]




65.

66.

67.

68.

69.

W W ovEAw 123

wmmﬂmmtmwmmﬁmmﬁrmmhwu-mmmmﬁm
mmﬁnﬂﬂmmcm(m)mmhmﬁwwmmmmmimm:m
FITA AT W WY 15 cm o 7.5 em B

[FWT—32.2 litsec)

TR I S| em FATm

TF A= 8 99 12 mx 0.6 m ¥ aft AW 7 $3 Wz W ()
ﬁmtmmwmﬁmhmaﬂﬁﬁmmv&nﬁm: C,=0.98 Wfm

™ 8

[FT—1.038 m”/sec: 3.66 m/sec)
0.85 3o Wo FT Ae1 1 war® WA F f1Y 30 em =T 3wy ¥ AR A=imrd w1 i fvm v § frds

mmm&:Mmﬁmmmmwmﬁmmacmm&ammmmt
[FT—4.6 m*/sec)
Wﬁﬁﬁﬁaﬂﬂtaﬁmmhﬁﬁmaﬁm&mtamﬁcmtmmmwcm

A F) W A g3 R Cy=0.97 WA T Zramrd A wk F A0 A =0 76cm 4 (up 2008)

[F—40 litre/sec]
T A Aegitier free st = AW $3 = FE 30 om a9 15cm #,

! T ¥ yaw ey
¥ for s fopan s @ fadrdt dndter & TR F1 T 20 em &1 v ¥ T 3@ Wy C,=0.98 T
ifery)

(UP 2010)
(FMT—125.7 litre/sec)




4|

ureul ¥ 9ATE
Ghaptor (Flow Through Pipes)
§§l-‘m(lm¢ucﬁon):_ ' :

-zl ¥ 53 W va® T ﬁ#m%ﬁmmhﬁwaﬁh.-mmmaﬂﬁﬁﬁ'

i #1549 TS & st w9 R T & st T A 5 & e A
& SR ¥y S S W q@ & R w7 ITE S g e o &
gitd @ (Head Loss of Flowing Fluid) @t st &g & @ -

§ 4.2, UTET Tt ITMATT (Utility of a Pipe) :
I TAFARTEREI I MBE [N TAR & @

IR YT TARRY & fg Tell AT WEW (Pipes) T WANT TS A (Pipe-Lines) _
wmdaﬂﬁmmm%ﬁtw&aﬂﬁﬁmﬁ‘ma&mrﬁ,ﬁﬁﬂvaﬁmﬁﬁ‘ﬁ

qmamﬁtﬂamammﬁm;maﬂiaﬁqﬁ,mmﬁﬁmﬁﬁaﬁﬁﬁ?ﬁm_-

mﬁﬁwamﬁmmmﬁ%ﬁmaﬁmm%f

§4.3. UT§Y (Pipe) :

el =9 @ WEY A T (Pipe), P Wt ITT™ HE (Cross-section) AEH Tt 7= afeat

R W T, N
I T & o

= =i
e VR

.L‘ & ’
S A .

(Closed-Conduit) ! UTgy %ea § faredl @ =¥ x7 (I TT), fareht g & T (Under Pressure)

T WSt WA g
“A pipe is a closed conduit (generally of cil
pressure. The flow in a pipe is termed as pipe flo
and there is no free surface of fluid. The pipe running
mﬁﬁuﬁmaﬁmmmﬁ@wwﬁmamﬁaﬁmﬁmm

%Mﬁaaﬂmmmwaﬁmﬁaﬁﬁ@wqﬁéﬂamw(OpenChannel)

Fed €1 2fau fa3 4.1 7
ﬁ'ﬁ4.1(a)ﬂﬂt(d)m:qaﬁmammmﬁm%wﬁw.l(b} 3R (c) A AT

T qE T WY FAER 4 q AGAEN T 2

§ 4.4, fafers weX & UTET (Types) :
(1) WA W (Cross Section) & TGN T T

w only when the fluid completely fills the cross section

2 YER F A H Al 9 E—

124

rcular section) which is used for carrying fluids under

partially behaves like an open channel.” 2
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1 | ’m : r
h B b
I ' : 1
e g - —— b —
(c) (d)

faw 41
(a) TIHR FE A TEI— A FAferpar @ A @ I
(b) IAFAHR FE T
(2) Iof AT & nuR W IRy @ wEw F 9 E—
(a) tiférrrsw—wﬁ:aaaﬂawréaﬁm%smgﬁﬂmﬂ?ﬁ?ﬁ@w.ﬁéﬁm(wn
Pipe) e €| ‘
(b) aﬁw——wﬁaaaﬂmﬁmﬁm%smgﬁﬁaﬁmﬁ?ﬂiiﬁﬁﬁm,aﬁwmng
Pipe) e 2| |
A3) mwmmmmwmiwmmﬁmmmmaﬁﬂémtmﬂ
I SR ¥ S -y, T, Wiaw, fresi 1 geal | (C.LL), yafea S (R.C.C) T,
e 41 P.V.C. (Poly vinyl chloride) 31f% % W9l avifan & =7 amam) &% HEATE A N AT

wmf‘qﬁm‘-‘faﬁm(ﬁﬁmﬁm,ﬁaﬁm,mﬁmm)mmﬁﬁaﬁ(@ﬁm,
Under ground pipe 37f2) & 3R W it o s 2

§ 4.5. UTEW =t WO- et (Size Specifications) :

§4.6. 5 ITAH URNIER (Definitions) :

(i) it aftme (Wetted Perimeier)—urgy a1 et =1
T & W (Contact) ¥ e 2, Hift oftme sem @)
"It is the length of the channel boundary in contact with the flowing water at any section.”
TR THTE, TS Y TS et R (MK.S. 7 S.1 95l 7) Beft R 7o R A P o el
F B Wéﬁczwm%mﬂﬁﬁwwwm%ammmﬁmmu
(ii) ¥&ta B (Hydraulic Radius) ar T e e (Hydraulic Mean Depth)—urgq

ﬁndmaﬁmmthmmmmptmﬁmm
T W gty e wE R

FP T W aw Ay N vaErea
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“Jit is the ratio of the C.S. ‘A’ of flow to wetted perimeter .
A W m T R W e i W (MK.S, @ S.1. TR ) ot

a:
e e et @ e e, m= 3 )

(.)ﬂn4.1(-)tmmmﬁgtﬁminmmmﬁ

T
T8 ¥ HE ® Yo [Edzl .. (i)

"= T e R xd 4

®) R 4.1(b) ¥ STER QR (3w) W wyw ¥y T wewe T
G TR IR 4 (r*12) (8 —sin 6)

vt gimme P r0
r sin 6
: -3(-%) -G
(©) foF 4.1(c) ¥ TR, NWAHN et &
TERER TP 4 bxh -
m T gmwaw | P b+2h -4
(d)h4.1(d)taw,mﬁﬁmi§mmﬂm, v
K 79 & FE Ho 2 A . bxb . B o (¢)
Wit g P b+b+b+b 4
(iii) ¥ T (Hydraulic Gradient T Hydraulic Slope)—dur & Swur ¥ I A, T
wdmﬂ:tmﬁﬂ!mmﬂfl ,
“The ratio of head loss due to friction (h}) to the length (1) of the pipe is called hydraulic gradi 2 0

e
P

g e wewH T, ii

&
&

or hydraulic slope.”
A 3 i g1 Seih w1 I A
g F I AE A A :

| = =—-j;
sz 9rz9 F T !

(i) Imifges FM (Relative Roughness)—%8 a8 -
mwﬁamﬂtmﬁmmmdmaﬂmaﬁﬁzﬁs. (3fag
fax 42) 2 4@, ) ——- d--—— —
mmm,hg‘i .(vii) )=
4 mﬁaﬂmj -y
o 4.2—maflgs G0

§ 4.7, UTAl & WUT YATE (Frictional Flow of Pipes) :
s forel ey A Fé 7a T & A gy A SAE T (FH G & grgu m w4 (rovgh)
2 % RO (Fraa § FE qaE T & faadt 7 adt) yare ¥ wfor sfedie (Frictional resistance)

4—4
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grsmfmﬁmﬁrﬂlmmfmuﬁmmmeadloss)ﬂmmt
itk wif (Frictional head loss) =gamdt ™ g hfmmmtl

e & R o 2
st 7@ A vk wfy wfoy

T ¥ 6 @ W s (@ i) oy
¥ ¥ RN (Viscous Resistance) % 01 §rft #1 wfoy vird T Y-y i

mm’rfhasmﬁ(Majorloss)!’ﬂﬂtlw&mﬁmwﬁlﬁutﬁwﬁwm-w
Tarferam

%8 (William Froude), ¥tex (Reynold), SR (Darcy) aar fRads (Weisbach), wft
(Chezy) 3nfg ¥ fam)

- (a) Taféraw w1 o (Froude’s Experiment)—fafeam sz % fafsm wam zm ™Y ¥ z3-
Ya® & Wiy % Ty ¥ frofefes am (Results) STa fapd—

(i) wfor wfore, v* & W g & o VI w1 A am n e

(index) #1 WZ X &
%l HE 2 @
37 Ry 12
(ii) =90 Frqeh & GRIATA a1 T (Roughness) R Ffit @ @1 faaeft waw s oW A 185
T G |aE G 2 9% e 2

(iii)wuﬁm,mm%mu-mmm%ﬁmamw,nﬁlaﬁrha,mmvmtu
mmqmm@ﬁﬁ%wﬁﬁﬁ—mﬁgﬂmm
Ry= AV = R, =f" AV? ..(viii)

ST A = ¥ift AR W A qon V= %3-vag 1 am;
aﬁxf':M(Cmsmt):manmwﬁm%mmmmaﬂmnﬁmwmzm
oH R 5 %8 @ adoy TUI® (Froude’s frictional co-efficient’ Wt Fgama &)
Me—Fz & wim ¥ feafy 79 wam N—3% =1 9t foow o
aﬂzmmuaiam%m(mmmﬁmmm% T
aﬂwmﬁmm%lmzﬁmﬁﬁﬁwﬁmgn A

(b)mwmtmmmm(nmy.

equation for Head loss due to friction)

—f1 43 ¥ g =
1 T At e R el e s W T A e . ( ~
T ¥ W A G O S o i s S s p;f ]
wwﬁwmaﬁmm:maﬁlmﬁmR

S
< 3hy.

" th (%)

g, Wy Wms%s'umémmuﬁmwﬁmwRf:aaﬂnﬁamf(xineticﬁnergy)
% wurE g (FS 3 M A 3w fawn ?) Aoy




ita

128 T w W R
R~ Ta @ v s, W R %mrl

_ | Rf= fx%ml’g = _)"x-l--‘-":V2
e  f= T = R

u=ﬂﬂ“(m)=£

g

. Wﬂlﬂﬁﬁmm=xfxmqﬂ‘ﬂ1ﬁmmm=@xndl
=fx-1—x1’V2xwdl

2 g
F3 ¥ 9 7@ F FO 5T W FA T

: soilX)
RTINS ATGA A T, RTMS

54,
=ﬂkﬂmﬂ—m5ﬂt‘:ﬁm=plx4-p2x.4

=(p,-P)A=(p -—pz)gf-— «(xi)
.-.wﬁl&mhvmtmmnwsﬁﬁamaﬂmﬁ,
IH W A @ 99 = A T T
(pl_pz,_rgz_=,x%£xm [ (0 () 3
g
(p.—pz)___'Usz
w gd
. n_p MV
w oW 2gd
_ 4’ T (ix) ¥
$ T | 4
5 e 1 wag § wdr ¥
; anv? i
' h,=——2-g—d-' (Kll)
: mamahmrﬂmﬁmmmyaqmmmtmwum'ﬁhmﬁtmmwﬁ
i m%ruﬁaﬁmﬁ'ﬂiﬁ(wasbacmmﬂmﬁw%mﬁﬁﬁgﬁmamm
; fa&an an
Ae—am v & A W fageda T @
=z
Q. © jwmre why= Lo dm
A Ep 3d
4




TR | waR .1?9
(c) &ft g (Chacy’s Formula)—3witstm (xii) #1 99 ¥ F &7 4 7een 1 gaar 21 AR

h = ﬂiﬂ V2 = fog—x.z‘_g, (ml)'
I~ 2gd [ 4 .
T HHET (xiii) B oA A 2wy @ WA, S

h
—}L =i=ZdM 7@ (Hydraulic Gradient)!

n 2
—d
A d
d et
7 = TR R R W H 7w o m W=
o GHET (i) |,
% =m.i‘-2—g
if
.Zg}
a1 V: m.i.—
(%
Bl [_Z_;g) = (C = O R (Chezy’s Constant)
T TR, V= C(mi)

...(x1v)

ugévﬁug%wwﬁCmmf%mm.ﬁﬁméifmm%ﬁqgmmm

& fou 77 R o e s 2 —

T IRY & fo, f= 0.005(1 +;;;J . (xV)
T TRY & oy, f= O'OI[HE;_J] (xvi)

m4.1.@300mmm3u1:100&mwt|mmﬁﬁnnﬂo = H AW
ﬁm'ﬁﬂ!taperﬁ'ﬂ?{(}..ﬁmmm%l

sﬁmuﬁnu&mmmwmin. I
mmmm4.9wcmzs‘ta’tﬁaﬁﬁi

& T e ;
T—1: 100 % =1 & fege § 3tmn1wmwémﬁ@f@w3mﬁwmum
a4

YR T (Datum Level)
fom 44

B 1 T e s S S
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: A 7 B T whww a w
2 d
z|+&+5— = 214-&4»!’3- |
w 2g w 28
-3
vela 5400x10 __ _ o.1148 m/sec
a  gox|Xa?
X 4()
-3
v,=2 < 5400x10 _ _ 4585 m/sec
a; 60;-:[-}(0.5)2
g1t et ... o (0.4585)°
98x1000 2x981 981x1000 2x9.8l
= py = 78381 N/m? = 7.84 N/em” 5

T 42, T WG T 15 2 (kmots) 3 7 } 1 @ 41 A S=0.005 W n =183 W
3T W W TAE ST 2500 m? mﬂiw‘maamﬁnmaﬁm&m
whrim & freg gl TR @ W & Rl feedt s wiew wifed) (1 A€ = 0.6 m/sec)

W 3 VN & PO T 9 5,
R = fA.V" = 0.005 x 2500 x (15 x 0.6)"%3

Rx15x0.€
75

1.83 |
= 0.005x1500x(157;0.6) x15x0.6 _ g3 625 IW

TR 4.3. 1 m W FA 15 km aﬂmﬁum:srmlm/secaﬁatﬁﬁm%l afz weor
FI=Wﬁilﬂwﬁﬂﬁmaﬁﬁil
w—fa g Ry & AW, d=1m
59 3 @, /=15 km = 15,000 m
gl @i fd, V=1 m/sec
vy 7N, = 0.005

vq wiea, hp =

s =R g3 §,

2
sriwirizrﬁ,h),:i‘.f_"-’— #9F @ W
2gd

2
hy= 4x0005x1500x1. _ 1529 m 3w
2x9.81xl

<——¥
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mm4.4.nmmmmmtaﬂuﬁtﬁauiwﬁmﬁl.smtn UT§Y 3T SATH 30 cm

aum A 250 m &1 IR i 0.01 W, TgY ¥ T W wE® = (Rate of flow) 7@
wifad )
o—fam
maﬁm.!=250m,"ﬂ'$q$131m,d=30cm=0.3m,mmﬂﬁ.hf=l.5m,f=0.01,
2
'm:zrrsﬂqa,hrf?’% ¥ A @ W,
1_5=0.01x250x5Q2 - 3429 @2
3x(0.3)
7 Q= (5;4";—9) =0.0661 m’/sec = 66.1 lit/sec. I
4.5.3ocmwma;qm=maﬁm|i4oomtnsﬁﬁ1 lit/sec Tt TT / TR =7 faregery
ﬁmtlmmmf=o.mwaﬁaaa%aa’f & dt9 T I I SR
ﬂﬁwmqmmmﬁ4ma¥mtna‘immma~m
TA— ¥R, WY W, d=30cm =03 m
famsi, 0 = 150 livsec = 150 x 10- m/sec
fo* o
TETER, hf=—3—d? ¥ 98 @ W,
X x x1073)2
_ 0.01x400 (1505 1073) e
3x(0.3)
Wﬁ,p=%ﬁaw%ﬁm&é\amw
ﬁm%ﬁﬁﬁﬁmvﬂﬂw,
&~&=W¥ﬁﬁmﬁ—£=h
W 11} W
§=13*5mmp=12.35x1000x9.81
1

P = 12,11 N/m? s IW
iﬂ?fﬂiﬁJmaﬂaﬁlﬁw%ﬁrwmﬂfgmw,h:h+4
=1235+4=1635m d

=Wwh=981x1000x 1635 = 16 N/m?
FRATEIVT 4.6. 20 em =T 79T 60 m Ay

w&mvﬁmﬁmﬁﬁﬂl

2
(30) st g, h,= %%- W W W, ¥ £ = 0.005 mfm,

(W) wsft g, V= cJimi) W T, fred Ao Rt C = 55 wifd,

IaT
m‘tmﬁﬁmmzsm;secaﬁwﬁr#ﬁmtl
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| < g |
th=—iﬂgd*ﬁ‘mw§“
- 4x0.005x60x25° _ 4 91 m £,
2%x291x0.2
m“vam“ﬁ—‘lﬁ&ss&mé;

""'=£=—q'2 =0.05m
s 4
- wfT o s T,
_ he by
L E ’ __60

s w, V= Cyf(mi) ¥,

h
25=55 [ 0.05x=L
60

2 vE 9 3 |,
6.25 = 3025 x 0.05 x = =2.521
60
6.25
nEe— _ I
e 248 m
Aq & Faleh T

@wmmmamaﬁmﬁﬁm :
4V % 0.01 %1

TR 4.7.
aﬁm{mmmmlsmﬁmﬁamﬁw&m!mm?hj: L
g
L4 h,= = o
/7 2gd 34 (- Q=aV q)
-3,2
‘HE @ W, - = 0.01_><300x(285x10 P
3(0.15)
it mﬁ!lﬁﬁaﬁmﬁ,hf“ﬁmmﬁmmwm
- {28

= mmmﬁﬂﬂﬂﬂth

75
(-+ 1 litre TFA1 T A= 1 kgf)
Fa

28x10.23
75

=3.82
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m*ﬂ-mmﬂw:ﬂqmmwuﬁmﬁmmmmmmmmaﬁ
UEATA ST R AT IRT R 6.44 km

T 21 g T ¥ vl @ 15 m A @1 e @ =
zzs:itnﬁrmﬁ:wﬁlﬁw%lmtmhmwsmmtmmaﬁmaﬁhn
W WAl 16 w02 farafra form s 2

W— TR F Wi w1 5w o - 40,0000 x 0.225 m*

ﬂgmmlﬁa@ﬁm%lmﬁﬁmmmmmmﬁmaﬁm,
40,0000 x 0.225 _ 25

O= = = =m?/sec
16 x 60 x 60 16
Hﬁmwmdﬁaﬁ%mﬁ@ﬁwy&vﬂﬁmﬁﬁﬁw%wﬁ% a1
h, = fig” ¥ WER W @ W,
f 3(d)5
3. f25Y
0.0075 x (6.44 x 10°) x =
15 = 3
3xd
s _ 0.0075 x 6440 x 625
k <= 3x15x16x16
0 d=122m I
m4.9.&étmaﬁm1,oo,ooo%maﬁsooom?ﬁ

E—F T TR = 100000 x 150 lit = 15000 m3
wwwémmmmswﬁﬁéﬁmml

15000 1
fq TFve fagsl, O = S OAE2)
¢ 8x60x60x2 0.26 m’/sec

A0 T =d, T I G A V= Cf
W,

QO=aV= g(d)z xC\frE

A h " (@)’

> h A

qai 0.26 = E(d)‘><4,5>< f—>-:—— = £d2x45 8 % s
4 ' 4 nd

q1

5000
45 = (0.26)* x 64 x 5000
- )
(45)° x (rr)" x12
q d=06182m I 61.82 cm
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45, 3978 & wam " :
§ (Reynold’s Experiments) oAl

£ 90 ¢ 5 oME xa W Wiy T (laminar |
fow) Toe A1 (velocity) W forgeer sware (turbulent -1
flow) ¥ weew #, 3R wifven-am (velocity) W fagf™

swarg (turbulent flow) -Gl gt = wifaw-an
(aiﬁcalvelocily)mhiﬂiEMﬂmiﬂ
mmmﬂlﬂnmtmwﬂﬂmmmaﬂ
mﬂmuamtuma:

:
:
.
.

forem P e R R— & 79
| 3aves w1 TR T W (Reynold’s colour |-} [-77T ¥

band experiment)—¥8 SR & fg ST ST | [r o | W R A-A
ﬁu.si‘mﬂwhwiwﬁﬁqﬂwaﬁz'ﬁ [ _l>
iéﬁum‘hﬂﬁ@mmbe)m«@tﬁ@ﬂﬁf e
= SAE o 8 FrE-TR § = Som T :
wmlsmmtumﬁﬁaﬂm-nﬂm -
aﬂuhmmmtl

1 t-ﬂa:aas‘faaﬁqaﬂ%wm s fret Tfa @ A

#ﬁﬁnﬁa‘tﬁz’aﬁi‘mmt,w%
mtumnthmmﬂmﬁwmmm%l
%nqziaﬁﬁweﬁﬁuﬁnamﬁmm |

mtmimaamsa&:ﬁu@ammm
t,mm,ﬁﬂﬁthmmmmw&@ﬁﬂﬁm@m%n [
ifep-am @ ek TEl g, T

mﬁﬁﬁ#hzﬁd&—dﬁaﬁﬁﬂﬁwﬁﬂmm
ﬂﬂwmmﬂmttwmﬁﬂmmmﬂﬁ(1aminar)'a‘m%1ﬁmaﬂmm
mﬂﬁﬁamétwfiﬂﬁrﬁmﬁm(mrbulem) |

an @ e € W & & T I g
& o 8 |
m—hmmmﬁaﬁlﬁﬁmmtmﬂmm,m%ﬁmﬁ%l .

5. ai-gifa @ (Energy loss experiment)—78 ¥ & -3 (critical velocity) %1 HF ;
ﬂ!ﬂi'&!(smmlim)mﬁaﬂm&iﬁﬁmﬂfﬁﬂﬂmﬂmﬂéﬁW(diffc:enccI

mism)tmmmaﬁmw%n

mmimgﬂmwmnw
W-Atmﬁmm%l
mmmmwmﬂﬁm&wammmWi?ﬁﬁﬁaﬂml*‘“
% 2l Aferdl

oy 3 RO T wird-f (loss of head) h, 1 A za-gr@aTdt (manometer)

aﬂé’aﬁ#m%mﬁmméumm,
h:ﬁ%lamztﬂﬂlmfﬁmﬂiwwﬁﬁ-m,
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fo— {
| O -
1
M Pohasi
_
fox 46
mgqffm-ﬁa:an(velocny}‘v’mm,wﬁﬁmmﬁmﬁmaﬁm(dimﬂse}ﬂ
=y s o s 2—
T v T w5 st !
vzm%m-mmm
¥ A F AR A 5 oo 3 fer S < y
%,qﬁm%wawmﬁﬁﬁwum%m T -
ﬁmmwmmﬁ(cmc)m&mmt he <
amwfau.?(a)ﬁﬁmm%nmﬁn—mm%m% - I=a s am
mamy—aHWh%mmm%mzm%n%wﬁﬁaa 4
mmmmémﬁm%ﬁmmaww = i
F9 ¥ {1 W@ 2 o V—s *
h.= KV fax 4.7
& K a9 oot (constants) &)

% & Y ﬂm%%q»:lmaa:ﬂm%faq“:mm%l
m%xﬁ&wmmamm%ﬁaﬁ

it (transitional) WM & 2 fopd -7 stffea =y
A M 2 3 e Y (eddies) T ¥
I faE % srren wE W W WM Y —
(i) YT OL % p=| a1 firmy hy= Ky!
() ST LH  p =2 qen fram p, = k2 (eddies) T 21 39 wm ¥ farg
L9l w1 f st 3 (lower critical velocity) a1 H W 3= e (upper critcal
velocity) ®rn &) |
(i) 1R s fram g, = K. < o @ fort 175 9 2 7 @ 1 55 o A i  faagen
AT (turbulent flow) &&d 2|
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g ¥ ford S A T @) S (logarithmic Y

cale) ¥ SRR % ¢ forw 4.7(b) 3 srga e 0 e
Ve ¥ 2 i fafer s 3 e i A g
w st T @ Pl freed o feet @— o
a)mtmtmw—mhtmm I,
tm*ﬁﬁm(iﬂvmlymﬁmal)ﬂﬂtl g /—':— ﬁq‘-‘h
(i) TR & WA & AR W 3 F T Ly
s ¥ wwE Y R whw | F L g v
= B T > L_.——-———l _l—’ X
> _Ep.ymmW’stber): g o
T E L e et & fage e P - A s
Faa 3T AT (velocity)

w1 e 3 S i 3 7 W i 7 T @ R A T 9 e
] ﬁﬁmgaﬁmﬁm,ﬁﬂm(dcnsiw)wm i

.;(m)aﬁmﬂwammmwsmm@mwmaﬁsmm |
| = A 2 = dem = Hies e Fed ¢ 7 y@R Hfes §EA (Reynold's number),

g

W p=3E W ¥,

v= TEY ¥ za = Jiwa : g

d~ B9 = =4, r*

' u=mwmm(mﬁicimwfvisco
mﬁwzﬁﬁﬁ'mﬁEwmt—

Ry =

sityj 71 WH-9Fdl (absolute viscosity) |
w
v

aﬁv=% iy W YA (Kinematic viscosity)
. mm%mﬂﬁn#mtzﬁﬁwmmt%aﬁmﬂﬂ(laminar)%azxalﬁaﬂ”
(turbulent) 21

afz ez @A,

Ry, > 2000 % & waw @G (laminar) T

RN>4(D0 g @ mﬁw (turbulent) fauf

R,,aﬁzmﬂmtzﬂa%ﬁmaﬂmaﬁfﬁammsmon) 4

: mmmﬁiﬁwamwmémkﬂ=mmmﬁﬂmﬁaﬂ(10“"'

critical velocity) MRN=4mﬂﬂ3ﬁmﬁﬂ(uppcr critical velocity) & auat el

——-4




T " wEE 137

% UT3T ¥ 2 m/sec & AN B U waga v ) afz urt =t e
m/sec § A 8 @M & AAT U qAFR i R @ v Wi  sgar

FTEIW 4.10. 1.5 cm =TH
nfoe vaTaT 1 X 1076

Tearggen
B —Y¥ER, It =1 AT, v = 2 m/sec
MO R AH, d=15cm=0.0l15m
e nfees v, v = 1 x 107° m%/sec
: 2x0.015
I Tifes e, R,\,=ﬁ’i= 2 = 30,000

v 1x107°

Ry =TS 4000 ¥ fees #, gaferd weft @ ware fagge @rmy I

ITEAW 4.11. J[fes d@& 2150 W fardt Za & vaw witg ¥ fager ¥ wge A €, R 15 om

m%mﬁm&amﬁwnmaﬁﬁm&nmu&ﬁmmuﬁﬁﬁamm
18 x 10”7 m¥/sec #1

TG —TEY F1 WY, d = 1S cm = 15 x 1072 m, Tes &1 R, = 2150
A< v, = e 3 R, @ Hies g3 ¥ Ian,
v..d

Ry= =< 9,
s 2150x13:l<510" x10? _ %88 crnidis
Rl = 0.0258 m/sec I
FAMETW 4.12. 7, Fwant i v 0.00015 m

%sec ®, 0.075 m =TE % Y ¥ yaw @ @
#1 fawst 0.007/m¥sec ¥ aEU iR v W@ (laminar) ® 3@ fages (turbulent)!
TA—e S ¢ 5 e Tem

W& Q= 0.007 m¥sec, d=0075m. v< 0.00015 m*/sec &)
) 0.007
v= X = T - = 1585 m/sec
‘ : x[0.075]

1.583 075
R.\'= __:_’19_01_ =793

0.00015
37 TaE Wiy (laminar) &)

I T
JETETUT 4.13. UTHY W ¥ WA @1 i To 1750 &) U9 &1 =W 5 cm 81 T & MAE
FATET 0.0002 m*/sec ®1 fawst wite/ Ywos ¥ FE
FO—eH 9 @ fof iee dem
R vd _ Qla)d
\Y v
.,..':J:ill:-:
P s 1. e
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n 2
. 2(0.05
4. RNxvxa=l750x00002x4( )
d 0.05
o Q= 0.01375 m¥/sec
q = 13.75 litre/sec

§ 4.10. ST¥ES (Syphon) :
wﬁﬁnmﬁmmtmmawmmm@m

ﬁﬂndyﬁwwttﬁnﬁﬁmum&'ﬂmmtl
“A syphon is a long bent pipe employed for carrying water from areservoir atad higher elevation to
another reservoir at a lower elevation when two reservoir are separated by a hill or high level ground
ﬁu.sﬁ‘mrmmtnmtmmmiEﬂw#mm% wm § (R #)
mmﬂmmmmmmﬁqpm(mmmﬂﬁWﬁﬁm 2rm| |1Y
3 fif fag D W @ 2.4 m T

£ A & YIS (Separation) & B YA T forq SEEIE
S (TH) ﬂmﬁhwﬂﬁmﬂmwwaﬁmmﬁw—wﬁmﬁﬂﬂw

fax 48
(ii) mﬁ@ﬁmﬁm%ﬁﬁmﬁﬁmﬂ#ﬁmmaﬁi

(iii) fmﬁmﬁmmﬁr&n&ﬁmuﬁﬁtﬁ(ﬁwm)ﬁmawaﬁmﬁﬂ

(Fetl ) aeh F IR WEEA B AEH)|

_4
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mﬁmﬁamﬁmmmmﬁmaﬁmmtlﬁau ¥ feam ™ yay
fagal £ stk D, T D 3R F R @t v & i @ e e 2

§ 4.11. 9§ ZRT &g wifERr WEITOT (Transmission of Hydraulic Power through Pipes):

Wmmﬁmmmﬁmq@mﬁmm%mwzm%mmﬂﬁmm
W%'ﬁﬁﬁmﬂﬁ&iﬁ(]oss)ﬂm%l

aﬁm%mm%my,,mﬁmwmh,man V, S8 q T HH: d qen
I € 3R W 1 e o oA @

T F PR R Ive () F @ v =H— h, 3m
*+ 39 S5 3 ¥FUE (Energy Delivered) = W x (H — hy) Sfa Fepve

e, W:ﬁﬁfm:wQ:wg(d)zV

595 F (Energy) = | “(d)er _anv’
q: ufg (Energy) = nwz _ 2¢d 1
= ; Vz"
w—(d)* V:l H- )L
4 2gd
77 T 3¥q Ui, hop. = = _’“5
wnd> 4v3
Hpiss 20 HY.— sk XX)
* = 300 [ 2gd]

2ed
Ell H-3 [h] =0
H
B ==
ammmmmmmmmmmam&mmm
ST () vid W ouw fwr @)
Power transmitted by 4 Pipe is maximum when heaq loss due to friction in pipe is one-third of
available head,
H-h
I, HaTw zq, n= +(xxi)
n Afereram = H;HB = % = 66.7% - (xxii)

l' - S —
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§ 4.12. 91 @ (Water Hammer) :

wﬁﬁwgﬁmﬁwmm%m(uomnmm)memmnwmm
mmmmaﬂV%mmiluﬁmﬁﬁ“mﬂq&mﬁmﬁm
mﬂmm(hlm)“m“ﬁhuqﬁﬁtmmm?ﬁ“ﬁ
mmm“mmmmemmﬁmﬁmmmmﬁ
Iﬁiﬂlﬂtﬂaﬁwwmﬂﬁtmmﬁw_wmuﬁﬁwmm
semad (Water Hammer) I 99-W9@ (Hammer-blow) e £

st by closing the valve or by any

“In a long-pipe. when the flowing water is suddenly brought to re:
similar cause, there will be a swdden rise in pressure due 10 the momentum of water being destroyed. A
pressure wave is transmitted along the pipe. A sudden rise in pressire has the effect of hammering
action on the walls of the pipe. The phenomenon of sudden rise in pressure is kmown as “water

hammer” or “hammer blow ™.
ﬂ—ﬁwmmmmwméﬁ;mmm%aﬁ:waﬁmﬁ?m
(Pms:ock)'ﬁl‘ﬂlﬁﬁﬂ-ﬁﬁﬁmaﬂ%mmmm_ﬁgqm%ﬁﬁﬁﬁ%ﬁaw
Wﬂmﬁﬂ?ﬁﬁﬁﬁmmtl
ﬁﬁm—maﬁmaﬁmﬁwmﬁwﬁﬁtm%—
(i)mdﬂmﬂnﬁ,

(ii) WY A F TR,

(i) %3 W WY F W F FHE-I7 (elastic properties)!
mmtmﬁﬁﬁaﬁm—mmmaﬁaﬁwaﬁaﬁﬁﬁ%mmﬁm
= wHa & FEiq e w - @Mly}ﬁmmw(immmwusma'-‘q'an"maﬁ
mﬂﬂmﬁmnaﬁmmaﬁmﬁmméumwaﬂm%mmw
aﬁtﬂi—ﬁiﬂmﬁraﬁmﬁﬁﬂmmmaﬁﬁma@mﬁaﬁmﬁﬁwm%—

o P E wgfd x =1

WA AT, P o T i
ﬁm(mass)xﬁﬂﬂmﬁaﬁa @

P e

i 97w # T

7 ' p
Y F FZ ATFA

wal

aﬁmﬁuam:aﬂum,mz-?

@ a= 70 F B T GARA
| = Fa F T,

y=7a % za @ 3
:=mﬁmwmﬁﬁmmmqﬁtmﬁwﬁaﬁﬁmw

w= %a & AEE
g A, aea F Hi-9 = 73 @, FAfed z@ @ an & ¢ F1 & (retardation),

—-—4
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V-0 ¥V
= Tt
[wa!) (V}
= S x —
t
7 = & J NS
p a
)| p= wlV «(XVii)
g

§ 4.13. st ¥ (Surge Tank) :

mmﬁ%fﬁmmm%m&mmimﬁmmmﬁmm%ﬁrmmm
¥ 9@ SAEE (water hammer or hammer blow) 304 21 2| 9% Ifafs o faga 9= ¥ 5¢l 5w

aﬁmwm"anmaaaﬁmﬁt%,ﬂzWﬁm%ﬁmﬁmﬁﬁ?fﬂmmmmge)m
IS T2 W GH)

wﬁwﬁméﬁw%ﬁmmﬁmaﬂmmwﬁ,maﬁﬁwﬁm

w%mqﬁmﬁmw(Resewoir)mm%mﬁ{&wmﬂmqﬁ(mmm
pressure) 1 W 21

Reservoir
Surge
™ tank

Turbi@
o 49wk 5
m.m‘%wm%mmmﬁﬂﬁmﬁw%mﬁmW(storagc
reservoir), 5 &< &% (surge tank) F&d 2, fax 4.9 % SIER 52 #2 foan 5 21 92 o 35 Y
Wﬁammﬂﬂ@mtmaﬁa‘zﬁmméﬁwwm 'ﬂﬁm.
famfim 5t < &1 w6 3% % A oy w3 | T R

- i, .
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(i) arere & 2% (Simple surge tank) %
(i) Preg MR TR H 4 ¥% (Restricted orifice type Surge tank).
(iii) ¥ & 2% (Differential surge tank)!

§4.14.1i61d5(mormoek): A
mtwﬁw{aﬁmﬂwmﬁtmfﬂ
=i T W@ 3Eaa §1 U = T sy ¥ weared

FAril (applications) ﬁ‘,aﬁaﬁmmﬂﬂzﬁ
macmmu)haﬁaa.aﬁm(qpiany)

2 s e i

#)dn(nx)mm

e

fau.mﬁu:ﬁat,mmamn)ﬁarm%a
oo 3 et O e S @ T 8 WX o 410—gwT T _
uﬁ%mmﬁﬁmﬁwﬁa

ﬁiﬁaﬁﬂmw«imocmmppm)m
awaﬂmmwmﬂaﬁ%mmm
W@aﬁm,%ﬁqﬁmm%umﬁfaﬁm
tets ¥ Frae WR 1 S et A
mﬁ%mmﬂﬂmm‘l%m
ﬁﬂmmtﬁmmﬂ@ﬂﬂmmimﬁﬁm(waterwavc),ﬁﬂ'{z‘l'?ﬁ
%m,waﬂaﬁtmmwhwiﬁmmaﬁmmm%lﬁ'«tzﬁﬁaﬁmﬁ?ﬁaﬁ
wmm%mwﬁmﬁwaﬁﬁ(su@emk)mmémﬂ e @ G &5
1 WA # fea S
§ 4,15, vafega avel & vid 4 g1 (Head Loss of Flowing Fluid) :
o 2 e T T o T Wea W A e o 7 T et A
fadt areafas @@ & vas # fE
% am # ofads, 7 vaw ¥ fage o

1. 5@ |rl @ ¥ (Roughness)
2-mmaﬁﬂ§9¥ﬂmﬁm(mﬂ)nﬁaﬂ?(aﬁqmaﬁq;ﬁz e
3. yarg & fam # oftadq 98 AE (Bend)

4, varg ar # fd YR # TEEe 41 A0 A

aatzwﬂimfgamaami:ﬂmm,

(m)mﬁhmaaﬁmmtmm
mﬁﬂtm&aﬂﬁm‘taﬂﬁ
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-Emm%mﬁﬁaﬁ-ﬂmmaﬁmm(mmmmsses)mtmmﬁm
a:mmfzﬁ,mm(Majormss)mtwﬁﬂmmmaﬂmHﬂm{iru’raﬁ%a’h
TR WA SIF F19 e B 2

§4.16.ﬁfﬂamm‘tvﬂimwaﬁous Types of Head Losses) :
T ware W Frafefaa oinf e d #—
1. =49 & FRo v =1fy
2. FTHETF FH7 (Sudden Enlargement) % &ror vid =ify
3. A% TF9 (Sudden Contraction) % U ¥iY #1fy
4. a%mﬁmﬁw&wmwﬂdmﬁ
5. 1| (Exit) w ¥ wify
6. THEZ F FRU WY =y
7. WA & e oftad F wwor i iy
8. ﬁfwm#\mﬁﬁw%mmm

4.16.1. wdwr & oy vitg ¥ (Head Loss due to Friction)

TEE A0 )t we (Roughness)%ﬁwmaﬁmﬁa\mﬁﬁi.ﬂmxﬁm%lm
T & 7l & ooy

T (Coefficient of Friction) f, wa® ¥ v, qon woys: TIE F ATEA (Area
of wetted surface) W fysk v R TR A 4 A F

UEY ¥ 9Yu v TfA,
_ 42
A= 2¢d
a h= 100 i
3(({)5 ..(1)

ﬁa4.|0ﬁ%@mmw&ma,%wmazamélﬁmwﬁmwm
amaam%aﬁaﬁrmomers)w J i '
T FR 1-1 39 22 W @ st An g V1 T py, ¥ R S BRY 7w e # R sty

ﬁrﬁmp(‘rﬂl)m(az—a,)wm%aﬂzpmmp,%mmm

» ‘q?rz1-1amz-za:ﬁa:an{mmaa(wemome) (Fe% #rw 24 yar @ 2)
=Py -pa - p(a, - a,)
=P -pa -p(a, -a)

=a, (P, -p)

T T e |- amz-zwmmwr(momemm)%wﬁaﬁa%mmm

(vp= P])
1)



a1

=

=W(1-1)Wﬁﬂdﬁﬂ—iﬁﬁ(2-2)ﬂ{ﬁa‘1
(nﬁmazl%aaqu:m

4 4
= "—(Vﬂ"—'—(Vg)
g g
= wa,V, Aiad THHT )

2 2
Z,+P1+—-'—=Z +£2ﬂ+-V2—+h
w 2g N
2 2
h (Vl i [Pz‘Pl) '.'Z,=Zz={)msqaﬁ%&'
e~ \28 2 W v F AR T A W
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71 p - Vle_V_zz]
© 2 g &
- -y v} - W-p+v; (THIETT (i) /79 @ W)
2g 28
an W w4 = V) i)
» 7, 23
$4.16.3. SV Tgre & wrewr vtk @1FF (Head Loss due to Sudden Contraction):
faﬂ.lz%mmmmmma,ﬂ@mw 1 %o 1,
W a, TR VA T 0, (TG FR) 0, T R T A

)
T 2 A TR IR C-C W I H&49 (Vena contracta) ¥ & :‘

aq v N
TR 7@ U F Q0 (W W ) w7 q ) ow

= — —— e
N v L} ]
STHEH G & HR0 W A 4, R A s e & 1o, :
mmm.hc=mc-cﬁm2-2wsrﬁﬁwadqa: — & o
ST v g 1
2
- 4 = W) fm a2
c 2g
m4.16.2ﬂwm(u;%m,aﬁchc-cmmv,-mz-zmhtlmﬁm
i 4,
aer=aV
2 % 14 . _ .
El e ot 5 = WF Ui
a ala . C, (St Ce )
&)
3 b\l )
L 28'
2 2
q] h_:: —1._-.1 K._
- \C 2g
C, & WH @ W,
Vz
k. = 05—
¢ zg ...(lll)

Ct,annm).ﬁzéﬁmhvmmmmwmﬁﬂm%l
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4.16.4. W TR ¥ U ¥ WA w il @ (Head Loss 0

'wmmmmaﬁ%mmaﬁmﬂ
qﬁamﬁmmwﬂimﬁ(mﬁmum%m)
Vz
(1)

h,= 05—
E 2

n Entry in Pipe from a Vessel)
mmﬁﬂmﬁﬁmtlmzﬁ

4.16.5. P wT ¥ @ (Head Loss at Exit)
mﬁuﬁﬁﬁﬂﬂmﬂ'auﬁm:ﬁmﬂmﬁaﬁméﬁ
iwmwﬁmﬁﬂﬁﬁ%aﬂvﬁﬁ%wﬁ?ﬂﬁlwmﬁaﬁmmaﬂﬂmﬁ
VZ
GI-E; (V)
(Vl;Vz)2 Fy,=0T@ W s e T G B1)
- 2

h

(@ st HT W A=

4.16.6. TEEE & B yitd & (Head Loss due to Obstruction)

ﬁa4.13%maﬁmémaa:mﬁah§ao
mm(m)ﬂaﬁémﬂmﬁ%ﬁwm
%Wﬁﬂﬁ(ﬂmho).waiaﬁ S IE F

w(gmmﬁ)ﬂaﬂéi

V.-V .
Faiq .= ——— il
o 22 )
F12 C-C W 31 Y, T THEC sfgaan 29%d a, ¢ FaTae (Obstruction)
33 G gEE 4, fora 4.13
WV = (a—ag) ¥, % C, (% C;=TFH T )
s Vc= aV
(a—ay)C,
i () § Y, A @
y? q
fy P |1 (i)
2g | (a—ap) C,
2
1 h0= KY-—
2g
_ 2
el K = =]
(a_aO)Cr

. ﬂz—xmmwaﬁmmmaﬁmwﬁﬁzm%aﬁtgﬁmﬁmaﬁmmaﬁ
h[,aﬁmmm%mﬁﬁlmm(iv)ﬁﬁﬁﬁhummmm%|

4—4



4.16.7. m!ﬁ&mw&ﬁawﬁ;tmvﬂimmmamduemcmgem

Direction or Bends)

T8 W A H Hrg R frwn ofad B @ 7w o0 3o v
Eﬁﬁ?ﬁ?imaﬁﬁmqﬂmmﬁgtmmmﬁ.

2
h& = K'g; ..(vii)

H}l%maﬁmé‘aﬁ90°%%mhlﬁm%m

#mﬁgmammaﬁmwﬁaﬁaﬂ%%sﬂzmm
A 2 wm #)

4.16.8. fafew yerm =t wara fefeén & wror adfor grfy (Head Loss in Various Pipe Fittings):

ﬁfmmaﬂmfwﬁn#»wﬁ%mmgﬁﬁaﬁ 9 71 v R =¥ fem s @)
h=KV2g
aﬁxmnﬁpipeﬁning%mwﬁﬂtm%

mi%lmu-mﬁﬁmﬁﬁhﬂﬁlf‘lﬂﬂ*m@‘i’

-.(viii)

Fo Ho | fafvrw i vt o™ I
I HUU & RO v =ty h=4fg': =;:g:s
1 . 2
z. AHTF a7 F TR0 e 7y T Ll
[ 4 2g
3, SHRHE HEH F F01 9 0fy =[___|J-f;=05f_z
“\C ) 2 2g
4| R T e he= 052
2g
5 e (Exit) w v =fy hg, = v
X 28 .
6. FHEE (Obstruction) F R i 7ifa h,= fi g s ¥ = Kﬁ
" 2g (a-a,)C, J 2g
7. &mwﬁaﬂwmmtaend)#mwﬂﬂmﬁ hb=K£i 90° g & fow K= |
1 28
' VZ
8. fafwmaavmﬁﬁﬁn%mmmﬁ hs Ko—
2
S 2g
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§ 4.17. T WS 1@ (Hydraulic Gradient Line or Hydraulic Slope Line) afrr wegot

Wl 3WT (Total Energy Line) : -

!'ﬂ‘mhmwimmvﬂitmmwmtl W T,
T T Y = (%+Z) a1 e ferda

f’qﬂ.lswuaﬁ‘mmmmmﬁm#
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Iy TE W SR Y& (Datum Line) 9 form IR
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T T T ferd R o arpvee ¥ fre
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§4.19.mms=rmqmz'aﬁﬁ§nﬁt‘a&ﬁﬁm

(Dicharge from One Tank to
Another Tank by Pipelines) :

fam 4.18 ﬁmmwmmm@wéwﬁﬁmam%mwowm
T T W
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P N e ot Y Tt onoray o)
e~ xdrg @ @ (Hydraulic gradient)
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fa= 4.18
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(a) Q = Ql + Q‘2
AR (b) g wf, h= W _ ALLYT
2gd, 2gd,

mimmﬁmﬁmaﬁﬁmmﬁﬁﬂf#@aﬁﬁmﬂméﬁﬁ—
(i) Wmﬁﬁvﬂ:wmmimﬂmiﬁﬁmﬁ%m%mmm
Q=Q1+Qz+'" il A)
(ii)ﬁimﬁhfua&a;mmi:ﬁwqmﬁaﬁtm
© p= MWVE _afLvE - .(B)
2gd, 2gd, 2gd,

el o QMY Cofi=fhs=p
2gd, 2gd,
mﬂ—mﬂqawmﬁﬁﬁwd?muﬂaﬁ%ﬁﬁam ATF F FHR F g 23 ) 1= 1 gurn
A SireM wHrR faem wftg (Parallel Electric Circuit) % T9M @ &1 & frgd sy ¥aTE (Current Flow)
9 MR F T (Equivalent), 391 fasar (Potential Difference) ¥ 11 % wngen 2t 2

mm4.14.qa;aﬁm(ca1vanised)Fh%%mﬂ'mowcmhﬁiwﬁtitmt.ﬁﬁ?ﬂf

'GTﬁZmVﬁllﬁﬂmmmﬁm?ﬁ%lmTﬁﬁﬁ.ws R U B Fderw Framferd
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mucw:nmmwdsm Mwwﬁwﬁuﬁﬁmtl ¥9 UIPT "
tﬁﬁwwmﬁﬂmtmwarwmawﬁwma(fm,,)
mtlﬂﬂlﬁmdﬂﬁimmimtﬂmﬁﬁi?ﬂiﬁwmﬁm
atntlﬂwv=mmﬁﬁwumﬁiﬁsmamwiﬁwsmmt.

wdwﬁﬁmm@mﬁmt.
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(Continuity Equation) q,
alVl = 02V2 = a3V3 ¥ qH RecEl T,
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‘T4
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m, sz‘(—o-.—é—s—)—z—l"‘;yl
<.
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2
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& XY,
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Q=alV= (:ﬂ (0.10)* x 0.2695 = 0.002116 m/sec
= 2.116 lit/sec I

fad 4.19 ﬁmmnmmmmmm«m
# ww Sy | Ut w4 T
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mwmv=m&mmiaﬁﬂ=muﬂﬁil mtm(Midpoim)if

fa 2@ ¥ (Pressure-Head) grm, ¥ ot @A
am a3 4.21 tm,mﬁmﬁﬁmmmmwmﬂﬂmm,m
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gﬁiﬁmﬁmluﬁmﬁwman yaa,

¥ RO 9
L,-.----e-----—— T
200m
I
— B &l
- s000m ————1
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famed, 0 = aV = (i‘-] (0.80)* x 5.58 = 2.8 m°/sec

W%mﬁﬁ%Bﬂzﬁmﬁ%ﬂ,Wﬁa%ﬁﬁAHmmﬁ%qwﬁ‘gﬁ?ﬂ?\aﬁ?ﬂ
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5000 2
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@ (400752 2 2
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' +avM(ﬂﬂm)mtﬂimﬁ+H,

9 asi
e bkl = :
. '“.('iiiﬁ[m* 020 | 2xo8l

ey, Q= al'= [:] 0200 x 2.17

- 006813 misec W 6813 lit/sec

4—4




el A w187

md.ll.WIHmm-ﬂmlmm o aTyw 2 wemrdl W oy §) qTEY W wTeT 40
Wi hmMQm-rmsm ht«ﬂwwtmazmtntuﬂrm:mm
LU L LU

ydraullc Geadlent) womyd whor- 1ot 0.008 i
WOL-UT¥ 1 w1 MO N | (fir ) % o A 1600 m erenrd &% ol 20 m
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W
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W wefte wrer (hydeaulic geadient) Ty j
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mmm.d.—.zmmm-o.zm
sy & eeang, /= 1500 m,
T H FE I lwﬁltmlsmﬁasmmmﬂm

m*mmwmmﬂmmmmﬁmﬁ,
h,=|5+1o-2=23m

h 3
ey T, i= — = 23 _0.01533
;1500

o 4x0.005x1500% ¥
2x9.81x0.2

y? = 3.0084
yv=1734 m/sec

fagd, Q=ax V= -} x (0.2)°
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« 1.734 = 0.0545 m>/sec
I

aﬂ-aﬁmm4mwﬂaﬁﬁm

FZ/E01 4.23. 80 m TR TA 1S cm =| & @ T,
| & 7 faeel I @ITQ AR

= freman @1 qa’a,:i%? i:maammquﬁmpo.o
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w faan I ‘
w—uﬁzﬂizﬁﬁmmm@
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2g 2gd 28
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P ’_’1_[0,5+____—————4"°'0"‘80+1] LWL
2 0.15 2g
B gt = 25 - 3437
22.833
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2 2 2
H=0sY2 45 V)
2g 2gd, 2g

2 2

4 = KZ_ 0.5+M+IJ = EZ_xI43

2g 0.25 2g
a7 sz " 4x2x98]
14.3
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]
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—
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]
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q
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p = A
1

~><d22]

—xdlz

b
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2 2 ’
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h=|Dl xp e |248] 1

)
& A
b

V) @1 9wl (i) ¥ @y w,

€

2g 2g
V, 39 h, 1 9 Tl (1) § my w *
2 2 :
wo 2g w  2g 2g
2
21| 1673 __pi_?_[/,i = (—pl+Z )— H sz
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I
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ﬁﬁmﬁmmuﬁaum—"mctltﬂ‘am mmﬁmtlmmﬁ

m%mﬁmﬁmtzsmmzﬂ,am
(i) I&SE iz & =y vid fy,
(i) mﬁmm%mﬁmfﬁm, agr
(iii)mqua;mwf&“amﬁl
FE—DN W oy, d) =300 mm =03 m,
A, = 3(0.3)3 = 0.0707 m?
T U T, dy = 600 mm = 0.6 mpm,
A4, = 3(0.6)3 = 0.2828 m?

mmﬂ:mﬁmaﬁm.p,ﬂzsmmz
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m, b= T 00707
o y=2 = 04 _ 1414 m/sec
17 Ay 0.2828
) s g & s v Eh—
T I € , o Bl
€ zg
=R . (5.66—1414)
$ 2% 2x9.81
= 0918 -
(ii) aﬁﬁmtmﬁmmmpzmam%qgﬁwmﬁmmmﬁm
-*‘l‘+‘i+z, = f-z—+-‘§—+22+he
w 2g w 28
= Z,=
w w 28 28 i
2 2
P =1_2§_+(5.6o) (14149 o918
w 9.81 2x9.81 2x9.81
P2 — 1274+ 163-01 _0918=1335
w
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(iii) FEAE JrE & = VifEd gIfi—
w.Q.h
Piost = T@QRW
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= (Ridge)

o= 426

T ST w4, (3 e 4.26) ﬁ,.:izﬂg_ ¥ TETER W Ty
g

30 = 4x0.008 x 1850 x 2

2x981x0.20
- Py 30x19.62x0.2
32x18.5
V=141 m/sec

ﬁm.mnﬁcaﬁﬁﬁh%m:hmmmw%fﬁuabmmxﬁqwﬁw,
(AﬁBﬁgW%ﬂawqﬁ@%l)

AT FA 35 = D R etz

aq1 10.3=(10.3~7.3)+ v +(7S5-h)+ 5.
2g !

-

- =5, (L4’ +(7‘5ﬂh)+4x0.008x300x(l.41)'

2x9.81 2x9.81x0.20
B h=51638 m W
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mw.’ft!ﬁwmﬁmmlm
uﬁmﬁﬂmﬂ*mmwmuﬁnm

wxiIxV

A T W T M6, p= ——
gt

- =1999’_‘_?§.'_"_'_'§=1000k/m2m 0.3 kg, /em?
P= ""981x50 SRR B/

tmwﬁiwuﬁmmmqﬁmw
&7 & (aga W) 1.5 m/sec £

FEET 4.30. 20 cm mmlzoommh'mwﬁumﬁmu.swsecuﬂuaﬁm

§) wrge e & T R O A o o e ) quin: ¥R W 20 sec AT WRM
tﬁw—mtmmﬂmiﬂmmmﬁﬁl
— R — .4
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9.81x20
0o ek g, Forl T 3 misec & 37 R 7
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(UP 2014)
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mtﬂul.r{szsommmtw
# géor & RO ¥ @ wW ST w T yaa H A

ga—fa —d =250 mm =025m. v = 0,01 @& =001 x 107
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¥, gzrrﬁﬁﬁwﬁm,y=ﬂﬁ,
p
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9 =4, Hicg T, e:K@:E
H Y
3x0.25 -
_ OEVES 75 % 10
e~ 001x107™
o Ui () 1 AA s qEH R mﬁﬁtm%mﬁ&mqﬁmooﬁmﬁaaaﬁaqﬁaﬁa
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_o009 VT - =2.684% 10
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aarxwuz.zomma:mﬁvslwseca‘r
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fafee o = 0.85, g = 850 kg/m*, p =0

4

.05 poise, | = 500 m




T 9 E fy
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I N-sec
= 005 % . 0%
K xlO m?
p. 2
mfura:mm?ﬁﬁm, h,:u
2gd
Q=av

75 x 1073 = Exo.zsz

W q vEaw 165

- V'=2.387 m/sec
R =PV _ 850x2.387x10.2 —
R 0.05x 10~
mw%f%aﬁwmmmmhﬁgm(@mmwooﬂloﬁé;ﬁawﬁaﬁas’m
2 @ i
0.079 0.079
f: —_— =

R 81158
for % Wt =, = 42 4681x107 x 500 x 2 3872
» _f"-

=4.681 x 1073
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2x9.81 x 0.2 m A

Ty
1.mﬁ3qﬁﬁmmfzmn?mﬁﬁran

2, vﬁq—mﬁww%?msml
3. mﬁ%ﬁr@ﬁﬁwmwm%?mu

/draulic gradient line)

(i) ¥ 5t ¥ (tota) energyine)
(iii) =HT 9 ify (friction head loss)
(iv) it gftamy (wetted perimeter)

(V) S99 Fomm w4 S R (hydraulic radius)

(UP 2006)

(UP 2014)
(UP 20149)
(UP 2003)
(UP 2003)
(UP 2003)

(UP 2000, 03)
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8.

10.

1.
12.

13.
14.

15.
16.
17.
18.

19.

21.

22.

23.

24.

25.

26.

zdg awm WG gl
wmﬁuﬁﬁdﬂ-dﬂﬂmﬁmmt?ﬂﬂﬁ@ﬂﬂ“m“ml
(UP 2011, 13, 19(8))
::ﬂ ;;'m (Hy:rﬂlulic pﬁ:;; :m el F AN (Total encrg line) T THATEA| FErA HOTHA et
frefafan = TEEEd—(i) T wavE (hydraulic gradient), (i) T & s id wif¥, i) s B

(hydraulic radius).

el # T % HRW A @i & forg T AR (Darcy-Weisbach) T3 ZIT FIfAT  (UP 2010)
ﬁsdmﬂmmﬁﬂmwﬂmnﬁtmmmnﬂmi (UP 2014)
T AW SR AW T T = FaEa

ﬂim—mmiﬁtmmn
uih(swmklmmﬁmmmw‘ﬂwhaﬂﬁm
g% =% (Anchor block) T ) wfas T9 F
W(Syﬂm)ﬁﬁnﬁt?mmwavhaﬂml
"fazaﬂfmmmﬂam:uﬁm,aﬁm sfaan gt Fafs T
# = faed A
500 m T a9 20 cm WﬂmeﬁSnvwc%aﬂﬁﬂFﬁmm%lqﬁf=0ﬂlB’l?h
ﬂwtmﬁi—mﬁmaﬁﬁﬁl [39T—45.87 m]
Mﬂfmﬁaﬂﬂwsmaﬂtm2200|iusoca:ztﬁm=ﬁﬁmﬁm%lﬂﬁaﬁz‘aﬁmg
ﬁeﬂa’la’tmwvﬂsﬂmmmﬁal

& wredor % o i Ef7 I9e=a i

smqtlaﬁ:mwﬁqﬁw%mvﬂimﬁmm
{: 0.0075 el [SdX—143cm]|
"WmﬁﬁwcmmHﬁOmaﬁW%ﬁfm’fﬂWLSm%U:O.Ol?ﬁsﬁ'{ag
(minor) M'ﬂmmmmﬁmﬂﬁﬁu [FAT—66.4 lit/sec]
(a) wmﬁmmwm%?
(b) wmcmmm«nmaﬁrﬁ#maaﬁmaﬁﬂ%ﬁﬁmﬂ 6m 21 £=0.01 A T
livsec B FATE 21 714 Fifaa [FAT—8S5 lit/sec)
@éﬂmﬂﬁ,25cmm#mﬁ4mméﬂﬁﬁam‘élv=cm 7 g, =i & i @
e FafE C =60 A [FAT—4.268 m|
‘lFﬂ2.Snﬂsocaﬂﬁﬁ60maﬁﬂ2cmmﬁ$mﬁﬂmtlﬂd‘ﬂﬁ?ﬁﬁgﬁ(a)@Hf=i2%Z—z
FafF [=0.005(b) F1 V= CJimi) safF C =55, 9 Al [@—(a) 2.1 m; (b) 2.5
|5cmmawmmmwm&mhﬂwtau{q&im«mﬂmﬂqﬁtaﬁmi
ﬁqﬁamtlwtaﬁﬁﬁﬁmaﬁz.oméﬂtlméﬁﬂ%aﬂtf:o.m & ga it
73 gy W29 | fags 7 FfA (FeR—32 litsed
lScmmﬁﬁmwéﬁaﬁwﬂiummaﬂ1m0mamrr£ﬁq¢mwﬁﬂzrﬁ7.5mﬁrﬂﬁ
oz =fo T f = 0.005 milzmﬁqaﬁmahammﬁﬁl (aerT—18.55 liUse]
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| cm =19 91 I.Skmmaﬁmﬁwr#mmlmecaﬂnﬁmﬁm#um%mvﬂﬁmm
&

(a) BT 3 % gr, forrif /= 0,005 whm
(b) ¥ I % Zr, Foradf = 64 mf [F9—1.52 m: 1.42 m]

21 e =) lscmmmamzmmma}ﬁrammﬂWthmﬁrmm-m Y FE
) %= @ A FUW: 6 m Ao mmwmmnﬁl:ﬂd-mﬁzﬁwfﬁnmﬁﬂmﬁmaﬁﬂﬁw
mwﬁq«?mﬁmaﬁmmmﬁ-&u: 0.01 B3I [FI—1.67 m/sec: 0.0295 m¥/sec)
aamﬁsomanﬁmwﬂﬁwwmmw#vﬁ 10 m 3 =4 1S cm 991 9 20 m
mmmcm#ummmm~wwm%m~wﬂzomﬁiumﬂvﬂﬁmwﬁm
F 70 famts s =y 2 W % o £=0.005 R [39T—219.5 litsec]
1500maﬁﬂmmmmamaﬁﬁtum@ommwmmcmmmm

0.005 mmmmmmcmmmmamsémfam 132 livsec # & 201 emerd
%m-mﬁmmaﬂm|m%aﬁﬁwnﬁmaﬁmaﬁmmﬁﬁl [39T—7.155 m]

:hwqm3m0maﬁ$ﬁ?15cmmaﬁmﬁd§mtlﬁm%a}awﬂaﬁmﬁm

T 9 m %|qsﬁmaﬁmﬁﬁmwm@maﬂmmmmq:omé.zahm
Y sitt wegl g Y i

B wﬁwﬁﬁmaﬁmmm%mmswmﬁqﬁw%#
-3 4 . anv?
m S & TR R 0.009 wifs, hﬁ_ﬁ%? A F4M i)

[3—0.03 m*/szc)

1M 4 oo pee = — lE—
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S, T S e
mmaﬂmﬁmmﬁ

;5‘:cmzmmi4.snﬂmtawmmmtuwt

3t o &1 I W fR A W - SE (wmerhammcr)i:mﬁwﬂm—mm
WWETFI [39T—33.75 N/ecm?)
i3 .d.m%‘fluﬁm,mmdzmtlzﬂﬁwmmdamﬂ?isaﬁm
mmﬁmﬁ;ﬁm:u&d:*mﬂwHqﬁtwmﬂ(ﬁquivnlcmpipc)mmm@

(|+13‘+:'3 ="Ils'+j25'+"}5'
d‘ dl dz d3
F 71vg AF fam s 2

mmmmmmta\zmwmmmmmm)
1, 3t 1, @ e 3 B farwshy

WWW%@mmmmdtfmmﬁﬁﬁmW: s
I Q,.Qzamg,tmﬁmmﬁm!ﬂhﬂmﬁ»(@‘“m@m“ﬁ)afﬂ

LaEgl

_Q_m__=!m[l b 1}

="
ﬂﬁD=wmmM|mmarmmwwmﬁﬁl
ﬁumﬁmﬁmmmmammﬁamw%um%mw;d,gdm
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ﬁmcmmmmmaﬂmmwwtlmm
mﬂmﬁmaﬁwaaﬁs.()ma?mmﬂﬁ:main(inleueg)aﬁMMUmﬂihmm

ﬂmqummmmﬁmﬁmm#mﬁmm*ﬁﬁfﬂmﬁs"ﬂ‘mm"

%mmm ¥4 30 m ﬂ?ﬁagm(minorlossesj F I (BrEA) mﬂmmﬂ%ﬁvﬁqﬁ
& s firford, [F9—0.182 m¥sec)

ISRmHﬁ%ﬁ!m#mmmmmmkgrxcmz amm%mm%mﬁmtﬂ?kgrkmz
2

| 7% 79 Wy zm 100 h.p. 1 F=w fb S B A Uy F = sﬁzmzﬁm(smsmission
efficiency) 1 % urzy % fe £=0.006 =N

ZmWﬂwmﬁsz?ﬁr%l8cmmam9mm%wmmz‘ﬁﬁmmﬁ
fea 7w =2 = 0.0008 mhm

99 9T ¥ =

A 40 sec ¥ T FTA ¥ T4 919 % 93 W59 4 2 afe 3@ Ff [FR—1.53 kg /cm?)
150mmmwwa§mm.mmmzzsmm m%mﬁwtlmﬂaosmmaﬂ
T A T vEfew @ R maﬁm—mmm%mmmm(headloss)
(i) T T ¥ 2w 1 ey (UP 2006)
FM—(i)0.15 mm, (ii) 1.47 kN))

Qﬁhsﬁ%m%ﬁmmmw%mw 100 m == agy 15 cm =9/ =\ W % fremm ¥

(UP 2011)
(BR—(i) 7 w9 27 2.18 m, (ii) T WY ¥ 4.2 m)
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(Hydraulic System)

Ghapter Ay

e ——

§ 5.1. U@ (Introduction) : |

ﬁﬁ'&ﬁﬁmﬁmi@@mﬂﬁmm%mﬁm(Hydmstatics)?MTga
!;_[I-ﬂﬁﬁﬂ (Hydro-kinematics)%mmmmgl‘amﬁﬁm?ﬁﬁmaﬁ Yy 3T dfiq
(s:orc)'w'-ﬁMﬁﬂamwdmnsmmaﬂ?ﬁ?mmzﬂmaﬁaa‘ﬁwqrzm
qﬁﬁﬂﬁl’ﬁ?lﬁﬂﬂﬁﬂmﬁﬂﬂﬂﬂm(ﬂuid)ﬂm@ﬁm‘alH‘%Wqﬁe,man
¥ @ gl B

zq I=E B T T
(application) 1 &I I

§s.z.mmuﬁnwﬂ'3fampommﬂydrauﬁcm

%9 yq@ 3d T 7= T—

(i) da W (Hydraulic Ram)

(i) 9@ & (Hydraulic Jack)
(iii) 9@ 9% (Hydraulic Break)

(iv) $91 @IS (Hydraulic Accumulator)

(v) 3@ R AR (Hydraolic Door Closer)

(vi) zdtg 99 (Hydraulic Press)

5.2.i) ¥@a W (Hydraulic Ram)
i 10 T e s g,
& &, 7 & HY W W AGH

Hammer) & fo@r W &/ & &1
Il quantity of water can be pumped to

“Hydraulic ram is a device with which sma
the available large quantity of water at Jow head. It works on the principle of wate

wmtm%m%ﬁaﬁmﬁ%ﬁmﬁﬂw—m@aﬁwqﬁﬁﬁﬁw

7y 1 & fou 2@ & fae-g@ (dynamic pressure) 1 w4 Fl
& (Construction)-—f97 5.1 ¥ u g 0 v 2| Tl gEAq: Teh A Elcal '@W?mi
o ¥ e e T S 81 A A A e A ded (waste valve) V, B R
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‘__4

W@ YER H 5 T o faato (description), wrfafd (operation) 741 IYgm

achines) :

mﬁdwmaﬁaﬁm

FaTg T T (pump) HT a1 &1 Tg wor- e (Waer:

higher levels from
r hammer.”




(Delivery valve) V. A&t ) e &1 feefiatt area v, % w7 um A3~ (air-vessel) TN &AM 2
qgmgmfsﬁﬁaﬁm%wﬁ&?ﬁaﬁé’mﬁwmél

a3 s1—ofta 4w
wrifafy (Working method)—wtes % g areg = m%mmhammm

% BRI o1 A S e 2 e ae V,mm%mqﬁfiﬂﬁ:ﬁm%ﬁ@m%w

A V,a:mmafa:gﬁwawﬁwm%aawmﬁmﬂnm%,%emmﬁ
¥ IR A 3R T 2 (dynamic pressure) agal & = 5

wmmmmﬁwmﬁ%ﬂ(momemum)mémm%ﬁrfsaﬁaﬁaraa VAR R
am%améwara‘Vl'mqamélaﬁamﬁmmmmﬁaam%aﬁtwfem—

3. TH! foR W WR T dn R
4. 99 W (moving parts) 7 89 | T=q = SAEREE T B i
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5. HA®RAI T (running cost) Trog g B
6.wﬁmmm¢mm-ﬂammﬁl

gaifiar (Utility)—
Al (remote area) doh TR ¥ FRU, T

(i) T T TR ¥ fore gy Wit @) e e O
hanwﬁmm:mﬁw%ﬁmﬁwawﬁ%aﬁ-mmﬁmmmm

aﬁmaﬂfmmﬁ,mmmwmil
(ii) mh%mmmtmﬁmmﬁmﬂﬂmwﬁwamw
1 7 fFw 1 T 2
(iii)ﬁ?%w*mmhaﬁmmamﬂm
W(Eﬂi&ency)—:ﬁﬂhwmﬁﬂmﬁfutﬁﬁaﬂ?ﬂ?l

faa 1 T 2

(i)wﬁmﬁﬁ(ii)mmﬂmﬁﬁ,w(im 7’;— W% SRl

WWWWE‘fﬁhaﬁﬁaﬂm%’m-}g W%WWE’I‘TWZ.S qa 5 B =)
@ qad 75% wﬁmﬁuﬁ%mwmsﬂﬂ(m,ﬁﬁos’m%rﬁmhsﬂﬁ‘;pm
o w6 /12 gmwﬂmm%q%maaaﬁum,wﬁfﬁ@mﬁm:ﬁ LdlL
= ot &1 W fEe W & o

Q = 9 F = WA (Wasted water)

g = 19 g0 T F T I F A

h:fammﬂvﬂi(%tz-arc—q'ﬁmaaa’raaﬁa“ﬂﬁ)

H=a€aﬁaﬂw&ﬁaﬂﬁaﬁﬁ1§

_9h
i 1= 5H
za’iw%qaﬂ’mamﬁﬂqammﬁmiﬁn: q‘g;h’

FeTETu 5.1. U@ Ffa@ W 33m & Saré @ 0.022 m¥/sec AT A HIA # 4T 0.0022 msec
o, WA 21 m W Zarg W A &1 3w 47 &t 1 2@ (Rankine efficiency) @ &

fe—fea & —9 gr v F T T A 4=0.0022 m¥/sec, Q= 5 =9
=(0.022 - 0.0022) = 0.0198 m/sec, h = fraraTd W = 3.3 m, H = 9% T g

FAE =21lm

’ O.h

0. -3.
= Uotia b =059 AW 59.6%
0.0198x3.3
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FTEU 5.2, U 2w oy 5 ﬂMﬁo.oSmJIucwmmtmo.oosm#m urt,

hﬂssmuﬁmmﬁmtnmaﬁamimmm: 120 m A9 70 mm #1 Tl
mmo.oooﬁzhmhuﬁtﬁnammmn

TR B—g = 0.005 m¥sec, 0 = [0.05 0.005] = 0.045 m*/sec, h=5Sm, H=35m, / = 120 m,
d =75 mm = 0.075 m, /= 0.009

T SO FRT =T W i
poo ALV 4x0.009x 120 x 12

77 2gd T 0.075x2x981
WRTF U9 H U A, p= i, o o OO = 1.13 m/sec
g.dz i‘—xO.O’?SZ

2
. 4x0.009x 120 x (1.13) - 375 m
- 0.075x2x 9.81
3 ?nmwmahﬂrf,He=H+hf=35+3.75=33.75m

a7 o 28, 1 = 0.005(38.75-5)
0.045x5

=075 T 759 I
5.2.Gi) zEw I (Hydraulic Jack)

wmmmm(mmble)mtmmmz BN, W WM TH oz o
w&mmﬁmmm%mmﬁaal'&ﬁﬁwmmtl

: truck etc. The working of hydraulic Jjack is quite similar 10
hydraulic press, *
ﬁmiﬁmam@ﬁaﬁm}ﬁnmwﬁm%ﬁlﬂ@ﬁ(hmdle)aﬁmﬁm—ﬁm
W TR 2 (mms.z)lh%wm@hm%mmmmmm (FR o1 T=)
* feFm & ta s ®IEH B )
| .' T H e
il .
. (Ram) ST :
E | "’ (Plunger) ‘; LE“ E
R B |
Po ¢ S '
T
B R
|
A
o 52—z ¥
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ﬂwﬁﬁﬁhwﬁmmmammm—miﬁﬁﬁWﬁmﬁwAiﬁ
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ﬁmmmAefasmé.mahmi-ﬁﬁM@mﬁwﬁg?'ﬁ*ﬂﬁ*wﬁm
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G
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a

T # e
A=) w2 & e
a= W FN FZ F AT

T B W frar e wm,

o s # fawms %

s = A
a
/4 A
3a: . =
P a
A
1 w= n-mp.—
a

S W LA 0.66 | 0.93 7 Bt 21 m:hsz:rﬁlooamtmtﬁqqm
s &)

mss.mmhaﬂzmmuﬂh&ﬁutmswtmﬂssoonmmamr
ST ¥Rt B ﬂm&mmﬂsm%:mmﬁ&l

BE—H=Y W= 1].J,o.m.i g,
a

3500 =7 x 50 x 15 x 10
n = 0.466
3R N=46.6%

AW 5.4, W T I F zeww 859 %um&aﬁmaﬂg«u@'ﬂ‘ml:stwﬁﬁ
mﬁéﬁﬁuﬁtw@ﬁmusiﬁh

L]

= 5. N =85% =085, W=10kN,

I =Y = q_P(ﬂ(-?]_ % fafm W& ¥ wm W
10 x 10* = 0.85 x P x 6 x (5)2

Eﬁmmmwaa. P= 10000
0.85x150

=T7843N IW
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5.2.(iiD getw ¥% (Hydraulic Brakes)
B s
uwmtl‘d“mmmﬂmml ;
réa ¥, ¥ T g fwae @) 6 imtm«ﬂmgmm'

mm*““mwmwwﬁwmmﬁmh
orks on Pascal law. According to this law,

“Hydraulic brake operates by hydraulic pressure. It w ; . (629

the intensity of pressure at any point ina liquid at rest is the same in all drreclmns.‘ .

ﬂl!S.4ﬁmmﬂmmtﬁqﬂﬁﬁﬁﬂi$ﬂﬁﬂwﬁﬁtlﬂﬂﬂmﬂ f 7% & A
T

g
% dza

"o
9

arqdta (pneumatic) ¥, forgqa A
&) e ) A TR frafafa am

mﬁﬁqmzqmmﬁm ,
ﬁmmz‘mttﬁﬁmmmmﬁmaﬁzﬁmmwﬂu%q@
ﬁw%mmﬂgmwt: ﬁeﬂaﬁaﬁ%ﬁﬁaﬁqﬁmmﬂl
3 ¥ & 9@ FaE W@
S form ST & o 81 AFY

v g e g & e s S wwe
fou o Yga I T@A S aﬂwm%amﬁﬁmﬁﬂiﬁ

) za ¢ forad §R @ 1 5d 9 9G
mwaﬁmmm%mﬂaﬁ@#maﬁuzﬁwﬁ

_Wq&wé?mqf@manmﬁmm
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T A% 4z A 2 gzpn ‘ \
W'ahmmmmilwqﬂmmmhqudmﬂ
amsnanmqnmﬁmtmwmqﬁmﬂmaﬁtr
T % & e

(i) e T v qum w1 ¢

(ii) m:ﬁ&aﬁﬁ#mﬁq@mmmﬁﬂ
(1) 399 7ifysw oy

(iv) O 9o

LUE]

BRI LR R R B RO e p——y
5.2.(iv) =g WE® (Hydraulic Accumulator)

mmmwmtaﬂmmﬁaﬁ
ﬁam%mmﬁmmwﬁquﬁ .
mmtiawﬂqm:mﬂw,mman
anfe gt &)

“Itis a device used to store

T
pressure energy, which may fqaug-(f
be supplied to a machine lat ‘

er on. These machines are
hvdraulic press, lift or crane etc.”

Wﬁmmmmﬁmmﬁﬁas.sﬁmﬁa%t T
mmmmmwmﬁaﬁﬂﬁmm .
(flywheel) =i wifd &1 31 foret 2ty Frapra (Hydraulic
system) ¥ ST Ieq T I N TS (shocks) =1 77 _
mﬁlﬂ{dmnp}w%ﬁlé‘aﬂ?wmﬂ‘ﬁ%“m e s

" (Pressure regulator) 1 ™ T ¥

A S 2 AW I 9 A

|

f;‘;' =’
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waws W §O (Capacity of Accumulator)
ﬂﬁ!ﬂmm;&mmmmﬁ, duras W GEAT (capacity)

wyemat €
“The maximum energy stored by an accumulator is called the capacity

A,
A= tu = &

L= "% T = 3= (if)
P=Wmmmﬂnuﬁm

W= tn m Fa Wy, fe W
W:p!A

of an accumulator. ?

e
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Gl
hﬁmﬁﬁqmsﬁ=w:‘hmmﬁ,
- wxL=pxAxL
TR AFTIA mﬁuﬁﬂwmaﬂwﬂﬁﬁﬁ el o S B
L-pxmﬁaﬂm

nﬂﬂnwwﬂatam
e = =W D=200mm=02m 2 T, p = 40 bar $q &1 39M, L=6m
) ™ = W W—
W:pr=40x105xo.034=1.256x105N
L W = 125.6 kN Eit
(ﬂ)ﬁmuﬁm_-mﬂm=prxL=40x105x0.0314x6
= 7.536 x 10° N-m
i lkWh=1000x60x60Nm
5
HaaE F aﬂm=_lé_3_63‘_'_0._—=o.209k\Vh ol
1000 x 60 %60
25 KW WIfeRT HEw

mmmmm‘tqasmmaasmﬁ
' ¥ FRUT g AT

ZSONGTWWW
i wdo oI = 0.

= 0.1 m; WY T, /=

TGO 5.6. 1500 m TR T
muﬂﬁuuﬁmﬂtlhﬂl
witfer wifEa =1 2.5% & ty = affea ZW A

m—qﬂﬁauﬁa,Pszskw;mmm,d=100m

@ 9%, W = 1250 kN
qrey @A # w1 = 2.5% (e TR v =)

25
= =2 %25 =0.625 kW
100

——————4




&g 179
2 2
- AfLV" _ 4x0.01x1500x ¥ =3058 V2 (sl ¥ = W = A vawe = Am)
4 2gd 0.1 x 2 x 9.81

W%WWﬂEﬁ:w—inkW (St ot % fa, w = 9810 N/m?)
1000

9810 x g x0.12 x ¥ x 30.58 V2

_ =2.356 13
0.625 T

By @ N faget = % x 0.1% x 0.64 = 0.005026 m’/sec

ﬂﬁﬁuﬁﬁm%mm%m:ﬁmmmﬁ:amﬁn:“{‘gﬂ kW

(ﬁH:W%mmmmm)
25 — 9810x0.005026 x H
- 1000
= 231K = 5C7 m of water
9810 x 0.005026

HIFE T M, p = wH = 9810 x 507 < 4973670 N/m?

W W g 1250 x 10°
TE gl = =
ol W &1 S

x x D?
4
<3
4973670 12010
L) x D*
4
D= =0.3199

wm:%w%mﬁm%mqﬁ.awﬁaﬁﬁm@aﬁﬁmmmﬁ
% feaa s o s 2

“"Hydraulic door closers are devi
y

ces that are installed at the to
hydrauiic door closer helps close a do

P of the door and its frame. A
or automatically,

e e R e e ——
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= YawE @@
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dard (Limitations) o
e @ A W e A T //
s&tmﬂlhmymnlicm) fam 56— 3N ww
:ﬂ'iﬂﬁw-amﬂta\a@maawm ot 9 F 9N F HE @ R
= Hvdraulic press is an Gpparanis used to lift heavier loads by least force.”
wim&mﬂaﬁm%mﬁmﬁmmﬁﬁwmwmwm
iwmaﬂimh

i = (Working Principle)
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@, I E C, N @ T W,
'ﬂﬂﬂ'&"l, V=J2—gﬁ
aq f“qudﬂ,Q:aV:aJZPng
Qe VH
0=0,H

nder a head of 1 m, is known as unit discharge.”

- 2
0,= 77
ST 6.1 T ZTWGA 250 rpm UT 25 m I ¥ F st 2000 kW ¥ifeh ed & T
g & fog s o AU TS A W@ B
yo—fea #—P = 2000 kW, H = 25 m, N'= 250 rpm

mat e WW,P:Lsﬂ%—:lﬁkW 7
u Hm (25)3-
: N 250
aq A, N, = = =50 7
wEW N
FETETV 6.2. & TTUTHA 200 rpm T 16 m mﬁitmﬁwoamﬁsmmrﬂh
o faraetT @ R

9 m¥/sec w1 farafim & @t & zaaryR % forg qw W adn T
yo—fea #—P = 1000 kW, H = 16 m, N =200 rpm, 0 =9 m¥/sec

P 1000
&F W, Fu® 7 = (o = 15.625 kW
ad i faad, 0, = 0 _ 2 _225m’sec ’
O = T

———4
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§ 6.11. STETHA wt ﬁr’l‘! nfa (Specific Speed of a Turbine) ;

mfwmifmmmmmﬁﬁ%mmﬁmm%m!‘q(geomemcally)
ﬁmﬂmmﬁsmmwmm*mﬁm(charactcristics)ﬂﬂﬁﬂ!ﬁmt
mmmmmmhwtﬁmm%mmm(mlmm*m
| kW) 370 et &1 70 Freafre zeam 5 #@ ‘fafyme ZTamg’ (specific turbine) 74T gwat nfey Y
‘fafme i’ (specific speed) F7a 2

T TER “ﬁwﬂamwﬂﬁlﬁmnﬁrﬁmwmﬁwmn!ﬁﬂﬁlﬁmmm
m':ﬁﬁvfmtm(idenueal)ﬁmmvﬂiﬁmmﬂﬁsm
m l”

“The specific speed of a turbin

e may be defined as the speed of an linaginary turbine, identical
with the given turbine which will develop a unit power under unit head. "

A N, = & # fafm ofy
D =T@EE T %1 &A™
V=l F TH 3 (Absolute velocity)
N= TR & 1 rp.m,.
v= TR F =g A (Tangential velocity)
B W ¥ i,
TR w90 A v o aR o1 wew aqm < pr

o< J2gH
< JH
T, TR & =ity 3, = ION

D o

D o

2§ 3~ g

(1)

0 T X R, 0 = npp

R bewD

Ao Voo o

% Q= rD.D.[2gH
Q= D*JH



198 e wur amd ¥efrad
Tl () | D W WE @ W,

H.VZ
T /e .. (i)
m,mr:mﬂmmaﬁw
“ ﬁtﬁ m' P=“'QH
st P"‘QH
0 ® W TE (i) ¥ @A |,
R
P e 1112 xH
H.’ﬂ
P“-}\—’z-
2
N? o< L
P
a Ne H Ny x H*
JP JP
NP
a fafwe =fa N,=_H.§3-

mmﬁtmazskwwﬁﬁm

@—fea —H=20m, N=150pm, P =625 kW
fafere ofa, N, = 150V625 _ gg 66 rpm I

(20)5!4 -
ms.mummémi, 1wm3/muﬂatﬂ15mtvﬁimmmtn 82%
@A AT 65 rpm ) nfa & W9 g

ﬂmmmlmﬁmnﬁlzsmm

aaﬁswﬁﬂﬁmlmmﬂmmwﬁnﬁmml
. e §—3qeem W@ = 100 m*/sec; H=15m; N = 65 rpm; statene &, n, = 82%
i =0.82; N=125rpm -
: (i)Mmmmmwﬁs—mm%ﬁa,
' zﬁmﬂﬁﬁﬁnﬁwspi{_ﬁ

H

L__" ApEm— I
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_65VP _65/P _
125 = 15% - 95 =22P
P = 3226 kW I
(i) ZTamN W Hem—am O = wArF TRz e
™ 9 ¥ TEH W e,y = L
w.QH
082 _ 3226 21.9
981xQx15 (0}
0= 2—3 = 26.7 m/sec
R e ITAH e
™ TFR, TEEA F GE =
mmﬁmﬁ'ﬂﬁh(Q)
= g7 =377 M4 I
§ 6.12. BYEIUT (Cavitation) :
aﬂzw;w‘tﬁwﬁnﬂmnﬂ’,ur::(vamur)ﬁnw&ﬁqhtwﬁﬂﬁm&m
S W& R

(iv) TEmET #i iy wifss (Power out

Put) I THA (efficiency) ¥ wit syt @)
SR e ¥ Frexw 5 LI

(i) TXaEA § Fey % (cavitation free) TR 1 Waym w3,

e ee o+ oa- 0w oene e —



200 T ww wwen Yo

mnmﬁﬁ:ﬁammmmm,
(mmﬁmm-ﬁmmmmﬁ.m
(v) T@EEA T 131 mfﬂ-ﬂ{dcﬂigngj spccd}ﬂmﬁn

§ 6.13. gdta v (Hydraulic Pump) :
v U Yt wifiw gf@ (Device) tu’tﬂnﬂmuwm (frmra System) % are wt Faf
i ofs =t ¥

“4 pump is a mechanica
is @ machine which converts mecha

wqﬁmﬂ.mmﬂmﬁ . mm®
¥ A]» r _.3 \‘ﬁa-ﬂ

! device used to increase the energy of the fluid. " In other words, “pump

mical energy into pressure energ).

—
- -
-~

mﬂﬂﬁﬁﬁmtsmw:m ______
q, """Mﬂwmts“m)#
mﬂhﬁmmw)d g ot | |
mﬁfﬂfu"waﬁmnuﬁ Hg
inﬂ(mmm'liﬁfmm wqn =T
mm@naﬁtﬁﬂm(mwwcnaﬁ Y
a1 (Higher Level) 7% 380 &1 et O T — —<—+—f
mﬁs&fmwwwwmmﬁtlw it
mﬂﬂ*mMW(Su&m]fﬁﬁ _
mﬁmm&mmmm:ﬂm T“f{s"""
(Dclivemfaiwzmﬁmﬁmmt
ﬁtmuﬁmmﬁ:mwﬁﬁﬂﬁaﬁ l
maﬁa‘uffug'dﬁmwfﬁﬁm(t{a)zm I TR - __
mmaﬁmt(&f&%ﬁﬁo.m:m [ ]
=1 faeira @ 7 &, i Zang 53 W
dﬁﬁmﬁimtﬂﬁ forx 6.11—Fdta T
ow Fifew w9 WA —— Lk

w2 &
§ 6.14, T @1 UG (Desi ion) a1 fafoTEal (Specifications) :
yitd (Head), syva-viferd (Horse-

m%wmmﬁm#m,m(apmny),m ‘
power) 1 318 a3 & e fe wrafms 24, 42v4 (Purpose), T (Speed), SR e (Place),

a3 3 fai @agal (Components) wﬁmmw,m,ma

fzaEA § 948 I

§ 6.15. 58 q@q 9% (Terminology) :
mqmm(smsompe)—miswfaﬁwmmﬁﬁﬁWwiﬂ"‘"‘{’“

aﬁmémﬁmﬁmﬁaﬁmww 1

?mﬂﬁﬂmﬂv@mmﬁmmaﬂaﬁmﬁwmm

yﬂzmwﬁmm%r
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() W T (Suction Stroke)—wmmmft oot ¥ fawew (Piston) & oy fareames
(Displacement) % ford ¥y qfer drr § 3@ frew wmr U 2w wmEd §) ifF 7%
freare & st v v ey (MKS 71 S| wafirdt %) Bt 3

(i) ST 9T (Delivery Pipe)—mm # frama fit & F51 T T A T ZM (Delivery Tank)
mmﬁ(mﬁlmmaﬁnmmtl)mmmtlﬁmmmmmﬁﬁm
mmmmuﬁmtmmi—aﬁamwwmmtu

(iv) W s (Delivery Stroke)— =t (Reciprocating) T9df ¥ 4w arew % == W
ﬁmtﬁmuﬁ.mﬁmﬂqﬁuﬂﬂ‘znmmmt.mmmtim?&mﬁm
T G BN R 3 7w wem

MTF farars g
(Positive displacement pumps)
T
(Rotary Pumps)

NI T
(Canlrﬂugal Pumps)
m

WA 7 qram wm
(Racipmcaung pumps)

T

MizEy
(Semi axial

g
(Propeller Pumps)
m
T vEw g

L1
A A T fafsm vam o
(Radlal fiow pump) (Axial flow pump) (Mixed flow pump)



e v T (Reciprocating Pump) :
Displacement) T 3]

: T T R e w5y g @) s e (Positive
s & 2 wmmtmﬂﬂ(movingmcmhcr)ﬁmmﬂﬂmmm
3 (Lift) T TR W &) Weareh v & e st R (Piston) T TN (Plunger) 1 2 forerdy
-8 T IWAY T ¥ e faeares Qv & s ot T (Rotary Pump) ¥ TR e
< 7 % T (Positive Displacement with Circular Motion) 881 T oft & gT ST B R

it sucks and rises the liquid by actually

om Wﬂg p"mp isa 1 ¢
displacing i k positive displacement pump @S -

mm" with a piston or plunger that executes a reciprocating motion in a closely fitting cylinder.
The of liguid pumped is equal to the volume displaced in the position.”

§ 6.18. SEURTRR W37 &} TG (Construction) :

st e & ew s e, frees, e S W

3T (moving member) TE-Ush (wuaﬁgha)ﬁmmwﬁmiﬁl A-18 T FW-F2 T fafer
(cylin@f)i'ﬂmt]ﬁaqﬁ:ﬁmtmgﬂﬁaﬂm(pistonrod) 71 §AS qUT
(connecting rod) Wh(cmk)mﬁmhmwwﬁmemver) a1 fedfa = | g
(and)mmt:mmma@h(acmaﬁméwm%wﬁm
wﬁmmﬂvﬁmﬂhﬁﬁmtwﬂﬂ«mwﬁ%aﬁ%lﬁmﬁ%mw
fufersy W # (SHfewR) m:mmummﬁmnaﬁﬂﬁﬁ!@mm%m
wm mnnﬂﬁmmammﬁmtmrzﬁsmwﬁﬁmm
foen @ @ ww g b ﬁm-wtmﬁwmmmm(bronze)ﬁmﬁﬂ
(MHM)uﬁhﬂﬁmmmmtmwﬁtmmm%

g € am ¥ W ug & fe R

mmuuﬁdtaﬁmammmtﬁ

M)Im(iﬂwmnﬁntﬁdﬁmﬂmﬁm%aaﬂ(w Leakage)
mmmﬁmﬁwaﬂaﬁtl

h!ﬁd{ﬂhﬁﬂ@hﬂﬂ«aﬁ#mﬁ-
mmtuﬂm%fwﬁ-mﬁmmwmiﬁﬁqﬁmﬂmﬁmmwnﬁ
2T (Cross Head) 9 A 308

23 weit (fe=a a)'ﬁﬂgﬁa(mm)ﬁggrm%éﬁm
(coamnod)Hh(&ﬂ)ﬂﬂﬁﬁﬁﬁaﬁlﬁﬁmﬁmmﬂ—mﬁa&ﬂﬁ%w

T -:3::..‘
t..-...a u‘

tlmﬁi6.12ﬂlmﬂtﬁmﬁaﬁar
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(uakasc)ﬂﬁﬁtmm(cland)mmmﬁmmi’sMﬂiaﬁWMW
(DiseValve;mmmtuﬁmtﬂmtﬁﬂhwﬂhﬂmﬁﬁaqmaﬁm

|m§§smuuwﬁtmw&ﬁmmzﬁt:m§m
2t (Cap M Head) ¥ Targ

' tigmseanm%rmfxwmim
mam%%mwvﬁrzmﬂckenﬁmmm%smm
&n%mmﬁmm(vomme)%WMWm%ﬁ
T W We™ g (delivery pipe)

ﬁmmtuwmm'&:aﬂ
Wﬁm%ﬁWﬂwaﬁwﬁ%Mﬁﬁfmmﬁmmm

4o W ——
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§ 6.22. fiTaR T (Gear Pump) :

fir W w1 wpw T TE & e s A
o T T aUElEa v # it e et o e
(Positive displacement) ¥t fireran #)

fre T R TER F 0 —

(i) *® f@ 99 (External Gear Pump)

(i) =& R T (Internal Gear Pump)

Wﬁmtﬂﬁ*mm(includc)
3 qon vva v F) oifq AT fareare

fax 6.14

6.22.(i) &g T 9@ (External Gear Pump)

@Wﬁmm,mﬁwmﬁ,aquﬁ?{
“7W*WTFF&&Hm(ﬁneclcamnce)%maqq%%lﬁmﬁﬁaﬁ.m(a) H weffa 2

ﬁmwmm@mmmmamw@mmqmaﬁzﬂshs
(fluid tight joint) ¥ &1 T Wfed e W W A9 GH, Ferq ‘o el 21 o ¥,
Wﬁﬁﬁ‘i?‘Wfamm?maﬁmqnm%a’lzﬁ%aﬂaﬁaa%ﬂw%aﬁ'{aqrawﬁa‘—"ffamﬁ
ﬁﬁaﬂﬁt%ﬁmﬂqﬁgﬁm,wﬁmmm%%ﬂfgﬁﬁﬁmﬁﬁaﬁ ke g1

mma‘h,vﬁmwiﬁmaﬁrwaﬁqﬁaﬂdm%l

6.22.(ii) A& fiaT o (Internal Gear Pump)

Wamﬁﬁﬁmm,mmmﬁ,amammﬁmm@ﬁaﬁmﬁmﬂﬁﬂ
g 81 3 Wfed T8 THR ﬂfﬁﬁ‘ﬂ(dcsign)fﬁaﬁ%ﬁﬁ@ma‘rmmﬂ?@m“"m
S & q A0 WE TF AR (crescent) T dHG & wrAiF {7 6.14(b) 3 weffa 2

ﬁawmwmﬂﬁwﬁm?,



q?'r

il

Kk

mmwmwmim\aﬁmmmmmm
mm}mamm

mﬁmmmtqﬁﬁmmmmt.:ﬁM(mesh)
gmﬁmﬂitrmﬂﬁmﬁm%mmmmtmnmmmﬁmm
tlﬂftﬁ!tm‘mﬁ!’fﬂwmﬂm

WH(crcsccnt)ﬂnh(mpmd)mtmmm
uﬁmmtlwwifﬁﬁmmmm,wwtﬁmaﬂmwﬁﬂﬁMwmtn
§ 6.23. ¥h U (Screw Pump) :

BT T T R v (Positive dis. Outiet port
piacement pump) ? o wF spe AF g a

AT FTH T H T W Y 70t = v oy s
glggaﬁmhﬁ:ﬁiﬁmm#mﬁmtam O
2 % 9= B ¥ ool o e P e 1 = \
amaﬁmmmﬁmtnﬁmmahmi‘lm Power input
w&%mﬁézﬁmmwaﬂzamﬁzm% .3 _ J i
TR W F feag gy 8 1
ﬁa‘dTﬁﬁ(Working)——Wai'ﬂﬁwm(inlet) |
awwémméummaﬁaﬁam o
ﬁwaﬁﬁ%ﬁ%,@rm%ﬁﬁﬁ@ﬁmm o cis—mp wm
mm'%lWmm‘uﬁmﬁmmtnmﬁq%mm&ﬁm(smmciemw
ﬁﬁw%amwwmamﬁuwmmmaﬁmaamwm%m%mm
m%awmﬁwﬁmﬁ

§ 6.24. UG qrg (Centrifugal Pump) :

axq'a:aﬁvmﬂﬁam(Dynumicpressure)mawrfﬂmtuvrmmwmmmmm
e BT ST o S 8 aﬁmmﬂnwmmmmm(cenmfugawome)mm
B 2 mwfﬂma‘rm@n

T ¥ U st qm-s s T iRz
font firg o g et 3 g o wlt & uftef ay (Peripheral Velocity Head) % wray
e avd=h o (Centrifugal Force) g




M T e vy PO

o0 T W e Pamp)

““'ﬂmw.hﬁqﬁ\nmm‘m'
™o mmgqmmqmiwmmnmwﬂ
Peenprepa—— L1

e e

0 W R e aenal Oven D)

) weae T w deral Cwar Pomp)

W el e oI e lud
Wity v Pyesy

Y Craaoant

() arfum (e

w 0 et ™

fwe o4

a22q0 Wy frer W (Kxternal Gear Pump)

ve wp Mret we wd wren oy A, @ vo ferd e o 0 G wiwer o = o #,
@ e & At U8 YV WO (fine olearance) & 00 it ) e v o014 i wafl A

2 0 pw v PR (design) Pl W & f B ey g ok e L Ao i
(sl ight gont) WO 1 0% v e o 0o qua, soferd vtk dvir tean Ri aew @,
wn @) 1 @ o et v o e sy o e e Y dh B she sueen 1w farbs
AR 6 sl s e @ o g e, et e e i  on feferd) e if g an vier 1 ot
® we i, wrare wou & P v verere o) oy wid e B

a2 srefve frer o (Internnl Geur Pump)

e sqafts e w, ol ooy ey A, &) o g sipofo e @ (e A o aftt 4w
A 1 A ol g e artvfeun (dosign) Mot o & fon b wm o @) ek fae e aerirell
o & e QO oew uw AR (croacent) WD W # S fug o, 14(h) T wafda #i



(Eccentrically) Toger gy
mmmmwmmmmvmmh

"W ey & ek gy hﬂﬂtmmmt,mMrmh;

gm:mwhllmwmwnmmthmmmtunnmumww

.,mhnmtqﬂﬁﬂﬂnmq .muuwmuﬂnh(w;mt*mm

.Mnuwhmmtmhmmmm,mmhm A v W o wrd wem §,

§0.2). B T (Nerew Pump)

T YD Py

plncement pump) & foett v syopm i vy
UL T T T a8 net oy T W
bowerdl) nentdss s frrer vy qa o i By ey
CRUREEL RN SET T A1 v e ey e

Wb Pt e o dvn ) e oy, o o §) wrm
v W e e oy

M sty we
A0 N e wy g
forarfufy (Waorking) - by wey WA (inlet)
LILL R LT RTL TR " e wfern vw feptn
freunsit 0 wqua &, o woy iy ey fren o oy

LR LU TRTUR LT p— WY S v #) wrey sy BF % wey oy 4 AW (small clearance)
URRLILTR BT TR ATHPTY o wrd

™ # mmmwmmtﬂmﬁnm
wam & nar qo f wg Preorm #

§ 6.24, Iaekaf} quy (Centritugal p

TR T iy g (Dynumic p
LLE I RTTR 'y ST Ty
e #1 Sned v furgee ) g

The pump wiy,

T (Posh)yve dis-

ump) ;

SR o) (g g #Y forx 6.16 %
TR g s gy s e i

o ﬁmmﬁwmmmﬁmmc'

WL LT e fa ¥ um ﬂﬂrftn__gm‘_-mrfm'ri i v

fooreht fusr . 7 ¥tk (Peripheral Velocity Head) % wtrar
' SR a1 & p

Centrifugal Force) wr
)
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206 T ww W At

“‘%Aﬁ}'
L4 |

e e

A\/lf
N wh

: bo—Tq

Lo
.

% ywe RW .
fax 16 fox 6.17—3a=t v

mwﬂum(a:ﬁwwdacmng)%mq&'fmwmmmf
M(lmpelmﬂittmﬁmaanﬂwm(qusﬁnm) SEE B 39 3
of & warn W € fwd YR EUE W qe3t e fp o € 3l 7@ 4 A a3 (Out
mm)&mﬁmmq&amu)m%mﬁmaﬁwﬁaﬂm(Namre)anm”rg,
Wdfﬁmﬁﬂaimﬂwﬁmmaﬁmﬁ(Deliveryl—lead)'ﬁﬂrﬂiﬁﬂm
aﬂtnnﬂHﬁimtmmﬁﬁzﬂqw%aﬂt%ﬁrwaﬁ'f‘sﬁﬁafa(PaniaJVam

&0 59 T T 3 & ARRARD h) FH Wiz

mimmtmagmnﬁﬂmﬁmmélaraﬁgaaﬂmnﬁmm-.
mtwﬁmmﬁmmmwmmﬁmm%aﬁrwaam%anarm(cg,-&
wﬁmﬁmmﬁmtn%ﬁﬁiamwmmﬁmmmmwnﬁaﬁam

a7 (Reversed Reaction Turbine) ¥ 341 & ¥ 2
“The action of a centrifugal pump is that of a reversed reaction turbine. In a reaction turbine. i

water at high pressure, is allowed to enter the cas

in a pump, the mechanical energy is fed into the shafi and wa

pressure energy of the oulgoing

axially.”

6.24.2. vt T @ TWA (Construction)

S%Z) T & q@@ 3 (Components) frefafaa §—
. g wyen ofgar, @ SRS (Impeller) e 2l
2 FFCEE F AW 9] AT T g3 AT (Casing)—T¢€
water tight) ¥ ot 81 2@ fad 6.18
et ¢, 4 g T & A

3. W WpI—gwE Sud fau o & w3, ford e (Eye) .
fm:ummcmoir)m(Sump)ﬁqmmirmma:mﬂ'ﬁmﬂﬁm‘

ing which gives mechanical energy its shafi, wher:
ter enters the impeller which increasest

fluid. The water enters the impeller radially and leaves the var

a‘rﬂﬁ%ﬁ g1 SRl (Air-tight®



reasesy
the vay

Air-ughts

L1

6. T T9H (A1 q&) wreren
= g 2
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6.24.3. Sodaht w % ey AT (Casing)

immtﬂwﬁ‘ﬂwﬂm(castingﬂ)ﬂﬁmilfﬁmmﬂﬂ
Oy T S e h 1 sy 5 fred o A S & R Rt O o1 ST 0
maﬂhmmmmmtmﬂammmtm«mﬁ(m

Mwmtimcm;mmmmtﬁﬂ,mymtmmmm

wgm ¢ R faw 6.20 ¥

|. ¥w § Sege HRM (Volute Casing)
2. WY (Whirlpool) T Brs &fim (Vortex Casing)

3. PrarRs @ ZTa%A 74N (Diffuser or Turbine Casing)
¥ @ fEm W 6.20 A wE: (a), (b) T () ¥ feaeré ™ 2
!

mES
(Guide vanes)

fax 6.20

&% w gz & (Volute Casing)—f7 6.20(a) 71 6.2] ¥ fe@r HTER T 53
aﬂtmﬁnmaﬁamﬂmtmmsﬂqﬁongue)ﬂwm#qﬁm
imqﬂmzﬁmmmtlmﬁt«ﬂaﬁaﬁ#wmaﬁaﬂ-mmmﬂa
mﬂtsﬂtwuﬁmnﬂt(mmﬂ&nmmmﬁmwﬁaﬁﬁmﬁmw#
a9 ¥ 76 VAR & Hfen = e @9 7 ¢ 6 5w sfafeaa W @ o1 ot e
w&mmtwdﬂ(sddics)mﬁmfmm:ﬁm%ﬁaqﬁma:u%wwifs!
mﬁmmaﬁm#ﬁnmmﬂtmﬁﬁmﬁ&mmm—%nmi-.
Velocity) MM-hﬁmﬁmthM(lmpac:)#wmuﬁﬁ?ﬁtmf
ﬂmwmmmtlﬁﬂzmmwmmm-vﬂﬁmaaaﬁaafwww

¥ frm I ¢ )
sifirer 5fe @1 @R2E SR (Whirlpool or Vortex Casing) ¥7 <7 6.20 (b) A 6227
sy a7 29 & S s

virer 3R F2 (Volute) & #19 ¥ TF &R F4 (Circular Chamber)
S S ATl SRR T A

% 3l T T e & g € A v T i qE
mmmmnmammmmamaﬁﬁwfmﬁwf
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Turbine Casing)2fay fuy 6.20(c) 9 6.23 ¥ Toyery
T PO o ¥ s e 3 = B 2 o

A% Uiy afify
e =t foramer ofeay (Diffuser Wheel) e & S 3 (7 MR FeH)
Y [

F AR T T 21 39 fen

RERR
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210 oW T s PRl

wmwﬂmtmmmaﬁm* wera-rd

W W TR N 7y e ¥ R cEd AE - T T
& st RN-N v A 31 7 o ¥ R TE€@

¢ soed R ot w9 O o & Aw g S A o e
o w & v TR Q e s AR
FE (Volute) 3 & g gan free W 9 &1
w 3 TR ™ B, I fra fem @
W srade var WRRd 29T (Reversed Inward-
flow Reaction Turbine) ¥ 8 # 3m: @ Taigs ¥ "
& = & T T T v ¥ 9 g0 AW T ¢
ﬁmwmmmﬁmﬁ@
= wad ¢, shwFd w9 = wa ¢, Rz A
75% 37 S F oW S ¥ weq o ¢ TS € -

T G WEW B & o <22

gmmh‘iww?trdmmm(mwlm):
mﬁ(ﬂm)(w)ﬁmm@ﬁwﬁmmmﬂ%nﬁﬁw:ﬁf%m;
M.mmm;wm@m),mm g3l (Alloys) & T3 TR W4 fFd =
(M)Wﬁtxey)mmﬁmmm%aﬁtwaﬁmm

TR W WR
w)ﬂm%ﬁmhmtsﬁmﬁaﬁmwﬁaﬁaﬁ%g@m@maﬁ,@“?

Ry 0 T 8 T ¢
A, yer Frafefes @7 voR & @9
l.ﬁﬁﬂwt&ﬁmﬁ(wedoraosed)—mFaaé.24 (a) ¥ fe@m =
ot 37 7 SR ¥ 2 3R g @ W T T T € ¢ A R W 54 (R
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2. fywe @ Qw0 OO (W w291 (Double Suction or Entry) ¥
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=
FAATE
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fa7 6.27
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§6.26. ATH= T =T FifarTor (Classification) :
1. &t vitd (Working Heads)—firg iy

wwmmmm?m%,%wm—-
(a) F=-9d (Low Lift or Head) a1yapr=h TU—20 m FrEFH W T
(b) HZW WY (High Head of Lift)

HIHST T9-20 } 40 1 T*
(¢) 3= ¥4 (High Head or Lify) ATHFR T—g0 m J SR IM W F ) ay
2. &M (Casing) % MER qr—

(a) FFH (Volute) Hfem L E Tl

m—3fEy fyy 6.20(a)
(b) 9fa = Sy {Whirl

pool Vortex) Hfem sravht wm—afigy f3 6.20(0)
(c) foama 1 zafeq (Diffuser or Turbine) g THT Ty 3 6.20(c)
3. U YN (Shaft) & feafy
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4. VTR ¥ A7 & @R W wx P & I W
(b) W (c)
(a) 3 R W & eR Ty
(b) TF R w & T yy-gR IR ™

(c) !ﬁ T Ty
3 iy, s frd o @ @ @ (Quality) TTE, TREN T R (Pulpy), e Ay &

SR W o w1 wa @ b e Ew §6.243 AW H
5. RN W A7 W TR F N W—
(a) YO qFT (Curved-Back) 37 TR T—f@d a3 6.25(a)
(b) 3% SRR (Curved Forward) ¥ grer T—2f@e 3 6.25(b)
(c) ST (Radial Flow) 3% TR v—fa fa3 6.25(c)
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(a) 0T YAE (Radial Flow) Sv&=31 v—2fet fad 6.26(a)
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(c) ffs@ ¥a® (Mixed Flow) 39331 va—afad fad 6.26(b)
7. ¥FR ¥ T@ WAV W FOO & T W—
(a) TS W (Single Suction) =1 WI—af@d fo 6.27(a)
(b) & A (Double Suction) ¥=1 TH—=f@d o 6.27(b)
8. FHET W TSN W FTE (Stage) F AT W—
(a) TS EEA (Single Stage) FTFH T
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§ 6.28. AUHET TN 21 ST (Priming) & A1 fURH gfamt (Priming Devices) :

Mﬁim:mﬁmamgﬁmm@zm, Pet Cock) @ierat (HfET W
ﬁmw&m,wm,a@ﬁumamﬁmmmmma@
mmmiﬁﬂwﬂuaﬁmaﬂmﬁﬁmaﬁmaﬁmﬁﬂmmft

e delivery pipe

“The operation of filling the suction pipe. casing of the pump and a portion of th
ith the liguid to be raised, before starting the pump, to remove the air,

completely from outside source wi
gas or vapour from these parts of the pump is called “Priming of a centrifugal pump.”

o F el £ a0 § F 9 gEd i—

1. ¥ Wefem (Manual Priming)

2. fyafd g7 W5 (Priming by Vacuum)

3. @4d: WEfaM (Self Priming)

l.mmﬁ'ﬂmunlrﬁming)—mﬁﬁﬁ:aaﬁmmmﬁéﬁ fereft e W 5@ H
S UV WEY 3R T e A w0 I R
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3, TR WRAT (Self Priming)—¥q fft & 3 & §e7 (Circulation)
wa: wefim e ) werma /e o 2

(i) 99 6.34 ¥ SR Fo v-ftm s feames ik ¥ (Patent)
¥ @ wm: wefm gl wem T &) frd TR (Raising
Main) 3 09 e &4 @ v 3 e W AR I8 €
% W VR T F T A W ﬁmmwﬁ(aﬁwd’tmﬁﬂ
¥ fr w8 B 8) TeRm-i § T A

(i) T fafe ¥ qvn mw F T f Tures 23 (Interposing a
Special Reservior) SeA 1 Il &1

§ 6.29. JTH T & ITGRT (Uses of Centrifugal Pumps) :
mﬁwﬂmwﬂnmw%ﬁwﬁmaﬂamaﬂilmmmmﬁwﬁfm

- -
(i) faa & fau T&F9 (Tube-wells)
(ii) S @ FER (Drainage) R a1 SR & T H

(i) WA (condensers) § 9 I YREWM (circulation)
(iv) gffave @t FEe § Sa-Ag
(v) Ffed WA (sewage) T FFarR™
(vi) QEafTe W& ¥eHE (public water supply)
(vii) 7 W FREA 4 Jo-3Yfd T JoI- R
(viii) ¥27e g ¥ 9 @ T (pumping)

]

L
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(ix) AP & T=EI
§ 6.30. TETT T | AT T =t T (Comparison of Reciprocating Pump
with Centifugal Pump) : ’
|, 7o T o vl ¢ F Td S F we o T e A € it T I W we
MgrFa F9 ol At gt 21
2. fifra fame & fog o9 =1 90 9 2 ¢ aur faae % fg e R sife B 2
2 e i A e e & ford IugEa o € 7 foadd a1 3= 9 & forg Iuger e 2
4, Tg &9 G ST (floor area) TTAI ¢ A THH a7 S awa SRa & ad gaen St W g
AfTEITA (installation) T 21 7# g
5. 3@} Z2-F2 (wear and tear) F T &1 T 322 A e
6. FITCH (maintenance) F T FA A wmaﬂmaﬁmﬁaﬁ?l
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9. |9 et sma dran 3 A s wra B 2
10. AT (air vessel) Savam 74 2 AU F AETTHA B
11. g91 g9 (Uniform torque) & #) A9 i T 2y
12. WfGEA (Operation) Hre 3 WA * fo 3m-ta s =fea
13, SEf AT 2 W s @ 3
14, SR F9A F7 Bt 2 TR Fia s o f)
ﬂqﬁﬁmamﬁwﬁ?ﬁﬁ| =1 ¥l w zern = o #
— ] _
§6.31 mﬁl‘mmmﬂw(Manomemcde)
fad 6.35 ¥ ITER
(i) Tafaw oiid (Static Head)
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P2
i) OO, = H 4 py 4 L

‘ (iv) Hrfiex i, H, =
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§632.mmﬁ'ﬁME1ﬁﬁ(PumpLosses):

l.mtlﬁd(ﬂydrluﬁcmw)—ﬁﬁwaﬁﬁ?ﬁ?—
(a)wﬁamﬁsﬁmﬁ‘maﬁmmM(Mdies)ﬁaﬁ%’mzﬁ,mﬂ
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(i) W% h.p.—A0F Ffmi = sryen h.p.

(iii) TR h.p.—9m ¥ efy wfrt _ Hfem frepmm hp.
(iv) HfEm fFrem w h.p.—wammﬁrmﬁf:ﬁﬁmh.p.
§ 6.32. AU T B} Fgry (Efficiencies) :
. _ Output
E—F A}, 1 = T q
1. ¥ T (Manometric Efficiency) a1 ety SEN (Hydraulic Efficiency)
& _ HHrdter virg
Tlh)'d Nman = ﬁﬂﬂ ?ﬂﬁhqtqﬁzah Rrat
H, _ & fem wnp,

TH v H C e # hop.
2. gt T (Mechanical Efficiency)

S .5 5 R 3w
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@'ﬂ'{h.p.
-Wﬂﬁmh.p.
3. arfash o g SFT (Actual or Overall Efficiency)
— e vi
= = w9 % fore v = @ v o
IS T R x At ving
=____-—_ 7S¢ -
M h.p.
Wme
_ 75g

MR

h.p. (31 Shaft horse power)
Me—&l I3r oy W T b

mﬁw%mﬁmaﬁmmﬁ;
1.Wﬁm(ﬁmm@@m%ﬁnaﬁ‘ﬂm)



10.
11.
12.
13.
14.
15.
16.
i7.
18.
19.

20.
2L
22.
23.
24.
25.
26.

3. s (SforAe W mY/min)
4.wﬂﬁmmmamﬂun)mmﬂﬁﬁmﬁmm‘ﬁaﬁl
5. U1 ¥ WEW YR ¥ W (W )

6. WA fFd TR TR FE & R

7. wafs 5w @ w1 & fE

wyAEet

I TERT W IR T

@ ZraRs = fra fagm TeEdl

o T ¥ g I W i FRA

wE TR T T Fha
iﬁa(mg;wmaﬁ%ﬁw%wmt?
iﬁammﬂ#&ﬁﬂﬁaﬁfmmi?
m(mywm(mcﬁon)mﬁwm%?

s i = e A Ve = F e 3 N 0 HA
ia?mﬁ%wﬂ%wmmﬁ%mw@i

H8Y F Y- = Tty @ v A
mm%wmammmmmm@

F9 & wifE zaEd 3 3 fafg # 3o FA

wifeq R F @fed ¥l

e a9 FIE ZXard § FR @zl
wwmmﬁiﬁﬁﬁ@mﬁimwﬂiwﬁﬁm
= a3 3 9o @ T AT 2taE F) s gl
mmmonmmim)mﬁmﬁamammqimﬁl
mmmmmﬁmmmﬁmmmu

wftafea #1 :
mﬁﬁﬁ!ﬁ(speciﬁcspwd)wg?mmmwml
IO (cavitation) F vftafea Fifeq aar AR

9@ T @ A 7 ¢

Tyam I ! {9 o &1 werdd | q0Edl

vEE T o @1 weEa @ wE-fae geeEd|

T T TfET T T & Y e A9 S9E F yonel aeasal
YU e e il @ &2

Z{@RA #1 UE® M (unit speed) TFF UE (unit power) T wwi fagsd (unit discharge

(UP2

(UP 20195

(UP 2014

(UP 2007, 08, 10, 12, 14,|

(UP 2006, !
(UP 2009, I
(UP 2008, !

(UP 20l

) 7

(UP 2015
(UP 2006, 13
(up 20117



A1l

2¢) i

2019
6, 1h
0!

27.
28.
29.
30.
3l.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.

46

-

I T@EEE qWm ym 223

mmﬂm(airvemnmmtzammﬁlﬁml

mmmmmmmﬂ
A IH W fafe oy
aw&aﬁmmmmmﬁlﬁww%mﬂ?ﬁﬂl |

ATF E ;m “::l’f;;layout) == o3 # geraa HgTE N
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§ 7.1. Ufta (Introduction) :
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§7.2. U& Zfaew Wumet (A Hydraulic System) :
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§7A.1ﬁtmammﬁﬁifw (Comparison between Hydrauli
Pneumatic Systems) :
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¢ and

xfa® wonelt (Hydraulic System)
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§7.5. Zfah TOTR & w9 q9@T ey
(Advantages and Disadvantages of Hydraulic S
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e (Disadvantages)
| i B W M W W g T R
> g T W TR T s A F F

T I R
3,W.ﬁ§.ﬁm.hﬁ§ﬁwmu§ﬁamﬁmﬁmmmmwmt
AR @ v 2

4 Vot ¥ fEetvA (Adequate oil filtration)
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6. I GEE ﬁﬁmm,ﬁ%wmw
§ 7.6, AT YUTTER & TTW TU1 A (Advantages and Disadvantages of Pneumatics);

ot % sragal ) i wu A/ afirwfera @

TR A ¥ H w2

#% (Advantages)
|. %9 @@ (Economical)
7. TXA T4 (Installation) T4 S (Maintenance)
3.ﬁmﬂw,ﬁﬁﬁaﬁﬁma§am@ﬁ%l
4. fearA @@ @] <1 (Implementation) ¥ St
5. fawsiza e s@aa (Explosion proof components)

6. TER €T q T TR 79 FW (Inherently modulating actuators and sensors)
72 9Re ¥ w1 W wEa & fomd wifeq 7 #

m}aﬁwmmméa

sfaafa® 352 9 (Intermittent high deman
& 72 SoTelt FE W FHA 2

8. wataw feddt (Ecofriendly) Fra FaEc §
a9 (Disadvantages)

I.W@wmﬂﬂﬁ%mmaﬁmn

2.ﬁaﬁamﬂaaﬁmmm(mlimmion)maﬁaﬁmm%%|

3, arg W %t Al
4. TgA (lubrication) F F1 SaATIHA 2t 2l

u.v.mmmmmmm

(Applications of Hydraulic and Pneumatic Systems) :

(a) ¥fa® (Hydraulic)
|. YA FER M (Machine Tool Industry)
) e SrAfam 99 (Plastic Processing Machines)
3. gEelfei® 34 (Hydraulic Presses) ;.
4. famfor wefd (Construction Machinery)
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. fafen am sfimes (Lifting and Transporting)
. Ff 7T (Agricultural Machinery)

7. SEEEA AT (Automotive Industry) ¥ e 3, e fdaftn, wewr srvies (Shock
Absorbers) 3z ¥ fimfoy ¥,

> Un

-
g
7
8
2
=
=
a
2

9., A IYHIV qA etz (Handling and Robots)
10. A a9 foome afe (Aeroplanes and Missile etc.)

(b) A (Pneumatic)
. R S T @S % e

.ﬁammﬁﬁmmamﬁmmﬁ.
. B =T (Spray Painting) %,

. e=d fg& (Denta) Drills)
. &4 i, @9 (Mining) ey

1
2

3

4

5. FFFEl A Y Harea; (Com
6

7 T 327§ B (Hoppers) # HAeAfEn (Unloading)
8. faive 39, T el (Cotton Mills) anfg

9. TYH 3R (Machine Tools)

10. AgAA (Aircraft) N

ﬁﬁ%ﬁn,ﬁ,ﬁfﬁn‘ﬁﬁﬂm

¥, o fr=m (Quality Control) %, weq qen TS i )

T A W Y e f&an
. i il
WM Bl 3H WHR— B y s
BN | \ :
78.1. et & fram & 3qanh e A, Azg
(Useful Features of Pascal’s Law) Py P2
() T &1 AgEHETor (Multiplication of Force) L)
mmaﬁﬁaw%%mmmaﬁmﬁmm i
mmmﬁlmmmmﬁa 1.3 ¥ weffm 2
h‘w’waﬁim@smmmﬁmwﬁmmm



prgr T & T R TOE T few = W
2w i TR T ATAW wa g0

mmmimmmmm,plgﬂw.4,=wmﬂmm

A
m#ﬁw%.wmﬂmmmh'ﬂp,*mﬁﬂ‘mm
P:=P|“—:§
=§;qﬁ42=mﬁmmmtl
seTR ¥, Fy=py A
F F
. -l = = =
by A P =P %
F-,=-A—2—><F;
1 4
= Fy > F

m;amﬁM%mﬂm,ﬂmﬁmw,wwﬁﬁwm|

®) ¥ Farw (Transmission of Forces) oot G e
utput utput

fax 1.4 ¥ W@ v 3 oz T e, foms piston  piston

WA_t.thmmm%amzaaﬁqm

‘mmmfaﬂmmﬁmm

7R WA W, T
t,wWMQm‘:FMﬂmﬁﬁﬁﬂ Ain . Aou
out

fa 1 T T

P

.'. A2 >AI

+

F. F

input  _ . _ ! output

S = =Pon= g

Ain = Aoupa

A R Apgpey = Aoutpu & @ Fop = Foupu

e |
mmmﬁmmﬂﬂwmﬁ@immﬂammmmaﬁﬁmwmé

fag 7.4—a@ & FTA gar

Input Output Fout
piston piston

/ N

ot farearad @@ (Force Displacement Relation) .
A, Vin=ﬁ@lzfqmmf‘amﬁaaamw i
Vou‘=maz?zﬁmmﬁmﬁa%amam
sm=r-raifqmmaﬁaﬁainﬁww

i SMI:mgzﬁrmmmaﬁa?Rmm
il Fiifs 7@ F g gE W € @V, = Vo
T
Fiif fafavel F1 AT 36F FITE FE & GAFA
i o IEF ST F A F IR T €, I

()
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A, S =4 . §

out out
Sinput_ Avutpue - {f;-&&:i‘_w_m:fm
Snutpm B Ail‘tpul F;nput Ainpul Soutpul
I outpmﬁaﬂ‘wqﬁmwaﬁwfammml

T T frrfem fn oy TSI W N v gy
< f@9 (small input force) v % 73 frfa aw wra w0y F

W%ﬁmﬁ.ﬁm%mfﬁmm?ﬁammm 20
pinput Finput
Ainput
_F output
a4 poulput i
T Pinput Poutpur
Finput Foutput
Ampul Aoutput
' F output _ Aoutpul
@ Finput Ainpul

ﬂﬁ‘; Aoutpul > Ain' : output >,

(b) FEEICE TSR NF (Hang Operated Hydraulic Jack)
m:ﬂzﬁaﬂm%ﬁgﬁwm Hand force
. mmmqﬁﬁﬁﬁ%ﬁqﬁm‘él |,150mm
e % ot 7.6 5 wef¥ia 21 7w of wiege 3 (

S0 mm

Load
frm W HE FTa 2 A
Tk W@ T vt W vew wwow
@mm%ﬁtﬁmwm%mﬁ Pump piston
mﬁm%ﬁ%mwﬁﬁ?ﬁﬁm
il Eﬂ'ai i % e Cneck valve 15
\ mhﬁﬂawm%aﬂtﬁmm-l i i
ﬁﬁﬂ@fﬂmwﬁﬁm%ﬁwmﬁm A‘;";:;’L‘;"c |
A mh%wﬁ%%wﬁamh 1 [44] Bleed vaive
\ LEGIE Cu
Wmﬁl%{vg:m%ﬁgavﬂ%aam Oil tank
J Wm%mﬁm%mﬁﬂaﬁﬁw R 7.6—verater aregifers
&



232 weiteR A amEen
R} Wt 3 W ® i S w2 [ vm o Wm(loadcylinder]ﬁﬂﬁ,ﬁmtﬁﬂgﬂ
fifeaa W W fafeost ¥ fue

3 7 TR ¥ W e W W aw A3 T o @ | A

F A2 g ¢ ) W Iw o 33 I R
mmmlmd\'am)wmmmwm%mﬂﬂmm%aaqnftlfarsta

mh.hhimmmtmmuﬁﬁaﬁiﬁﬁsﬂmtl

(c) UIT--FIPRITE T TRT (Air-to-Hydraulic Pressure Booster)

Wﬁﬁ‘wmmﬂmm%ﬁm lnlgtalrsupply
o W@ w0 ¢ e v we e
Wiﬂmtnqmwmﬂiﬁnmfiwm _—

S i F = A
§TWA (Construction)—f¥ 7.7 ¥ WK FH & LA
dmnmmﬂmt@ﬁém#g@mﬁ ——1 | Air piston
fres ® T
fisqfafe (Working)—93 7.7 § & sgwam ® L[ [T Retractable short
witm fem ™ LI <R ] W—i—ms@ﬁ* T TH i stroke rlston {Clarnp
= Pacn |

mﬁmmt:mwmm4ﬁ Work
6mmﬂmha&mmwaﬁaﬁmm'€l | piece
mmtm@'wdmwaﬂﬁmm
e @ W FA F O TEEE T TR k
m@ﬁ*mwtmammmm s
€1 3 9 8 W fa 7.7—U3-3- EERICTS T RT
o R frd ) % 10cm’ & 79 W W 1oanmmgm%|agqma:m@mﬁm
ﬂlmuwmmmtazﬁqm%mmﬁmmm1cm2€f?h%fa$ramooba
Ll mtmﬁ,«mm@m«mm@m Ffim fafervet (Hydraulic Clamping
Cylinder) ¥ B2 B fTzd W 100 bar T I HTM| t{aﬂ-{#m@ﬂ‘?ﬁ;aﬁqmmaﬁaﬁmﬁﬁﬂ

i | Wa fEa 9 qEa E—

o o/ ¥ W w0 ¢ R T WA o e RTE N
” oil

achine tool table
_/

AT T < arg fired F §7%d
@ I = - — et
R T @ e faed F1 &Twd
10000 kPa _ 10cm’
3d: HERRRIGES =
1000 kPa  lcm’

ww Ffem fafevet frem, foma @96 0.5 om? & W FfEm & 1000 N/em? x 0.5 ¢’
feru arifeam fafavst ¥ el ¥

500 N grmi 500 N ¥ T e 7w F A TR F, W H F
S5Fd, 10 9% aE™ W gL, 5 cm’ €1 AfEC




fox 15

ga—fem —F, = 100 N, 4, =50 x 102

mmz.A2=500x102mm2.51=100mm
(i)@ﬁm“m-——tﬁwa%ﬁmﬁ.
h_4
F 4
Fz__500><102
100 504102
F2=1000NT(wﬁ) I
- (ii)ugﬁmmasﬁqﬁ-—mhﬁ
- E_4_s
K4 S
" | 4 _ s,
mping 5
m fm 500)-<101 @
50x10?2 S
Sz=10mm I
m-;,z_qmaﬁ:ﬁurmfmzlsﬁowmvﬂ mﬁmmﬁzlsmmtu
T wEgifers fafsroey & mmmzo.szcmmﬁrmﬂt
wifeg—

(")Wmﬂ'mﬁ‘ﬂf(b) m(c)wﬁs,ﬂ&ﬁwwmﬁlomﬂ'm
';{;“;E t (d) ﬁ‘N‘-e." &t EGEE et i (descendings

) %eci:mat%ﬁmm
(descend) & fory aifey

I x faegmy

= 15600 x 2.13 m = 33200 N.m

I 0 —E—
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T I

10.
11.
12.

TR @ AEHer
(b) VS TW— - fea w1 A = .2(0_2032)3 = 0.0324 m?

T 15600
T —— =_._-—-—=481.000Nlm2=481 kP 3T
ga%a 0.0324 a

;i rd = [33200] = 3320 N.m/sec

LLE 10
= 3320 watt = 3.32 kWatt

) = 7 - Q="a% X = 0.000629 m?/sec
- 31(0.2032)2 _ 0.1016)] = 0.0243 m’

(c) Wifh—

FEAFR %A (Annulus Area)

mﬁmm“ﬁ_ ya® { =0.000629
- FAATER W 0.0243

= 0.0259 m/sec I

mm:mﬁﬂmx-—@- — 0.0243 X %:i

= 0.00518 m?/sec I

o Teeies fafevet 1 FT gfgx avi H

v& zfa® Somed (Hydraulic system) 31 foz TR dfera avi i
@ Fgad wuel (Pneumatic system) I fq FE e cucicasi
o e A e 3 g F

o Zfaw womel ¥ i a9 SN (Advantages an
Fiforgl
qasmaitumwﬂ%arﬁmmmdvam
i

@ zad yoelt % aArt (Applications of Hydrauli

& aradd Yot ¥ arguar (Applications of Pneumatic system
ﬂmm%h@awwﬁz@ﬂmﬁaﬁfaﬂﬂaﬂml

) & faa

d Disadvantages of Hydraulic system

ges and Disadvantages of Pneumatic system) # faa=a

¢ system) T feoquit wifsCl
) g feoroil EaiELd

& "Iﬁ'{-{-mﬁm Z@ T (Air-to-Hydraulic Pressure Booster)
& fafevet # 100 bar T 8 T 10kN ) =Er 9
Mo &) (FAT—35.68 mm) |




fa,,,-;gﬂm:ﬁahmﬁmﬁmm%uﬁﬁamwﬂ)mmmmm=
- m WZZW=IOOmm.H§EW(Fm)=ISkN ilwmmﬁﬁqﬁmﬁmﬁm
:.;r:m‘momm mm%mwmﬁMﬁWﬁamﬁmuﬁmh(vﬂ;

0.05 m/sec B A T Am (y, W I #fer (3M—240 kN, 1.6 mm, 0.8 m/sec)
Fin

Fout

Output Input
piston

|
5mm]|



i WOTEH & ST

Ghaptes | ﬂnts of Hydraulic System

ystems) :

s8.1. TS !ﬂtwm(nﬁc(‘omponentsefa Hydraulic S
=8 ﬂ@ﬁn@twmﬁﬁwﬁhﬁﬂn@fnmmﬁ“ﬁﬂ%—

1. fag@ S (Electric Motor)
RE © (Hydraulc Pemp)
=X (Fiken

T® ¥ (Pressure Gauge)

e s SSE T (Pressure Regulator of Unloading Valve)
=% feS T (Pressure Relief Valve)

frw £ ¥ (Direction Coatrol Valve)

ivs TR (Hydraufic Actuator)

9. WX (Load)

10. W% T (Check Vahwe)

11. $9F W T3 (Reservoir)

13 e, gu. O e I SR

‘a2
’ ]

o

f".

ol

”

. Coupling etc.)

(Manifold. Hose. Tube. Fitung




ammwmmhﬁﬁmwmgmgw
fsvan (Sucking action) Eﬁi%;ﬁm artridg :
m@m%

& Valve) = framrss, i i
maﬁmwﬁﬁmffmﬁﬁﬂhﬂ

mmﬁlm‘ﬂmﬁm
mwm%mwmmmﬁﬁmwh%mm

= 8 Y oy
T (Valves)—zfas: N ¥ areg
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e ¥ WA ¢ s dehe YR (linear actuator) qff /e (rotary motor) BT M A 2
e F i G qera: §HA

mm‘““l“ﬁmquc)ﬁmmmtlmﬂfaﬁﬂ
tlm%ﬂmﬁt—mﬁ.mmﬁmﬁmmmmm“m“
£ T T A (cover) Iaa] AT - A [ (Pilot valve uction)@fﬁﬁﬁaﬂﬂﬁiﬁm
mmﬁlwmqmﬂ[ﬂﬂﬂ,mﬁm(mnge)ﬁmwmil
7.ﬁmﬁmm(mmﬂmCmudvum—@mmamﬂnuﬂwﬂ'm%m
ﬂMﬁW%ﬁQMﬂﬁmmﬁmwmmglﬁw,ﬁw
' isms) ,'ﬂ"fw, %@ﬁ'ﬁﬂ.@ﬁﬁm

mmnﬁlﬁqﬁqﬁamtlitﬁwmm?ﬂﬂm%ﬁmﬁﬁ@ﬁﬂﬁﬁm
ﬂﬁﬁw#‘ﬂwﬁmmtnsﬂm:ﬁﬁmwm?wﬁﬁ—m@h(ram).vm
s ofl e @ w7 W@ b

9. mamd)-wiaqﬁgtmmﬁaﬁnaamm%|

mitm(awkvmy—:aﬂmﬁfﬁamaﬁagmmfaﬁm%rz‘a‘ﬁmuasfea
ﬁlﬁmﬁﬁﬁiﬂt,ﬁwﬁaﬁmﬁmaﬁﬁéﬁlﬁwﬁﬁmmm%aﬂt@m
Wm(mmngmm%m K e K ERE] @W(Sleeve),ﬁ(Conc), aiet (Ball)|
Wz (Poppet), RZT (Piston), T (Spool) 19 & (Disc) & g #1 TEd U A B A
2 ¥ ar e & aw Freda FaE (Back flow), T (Spring) 191 6 (Gravity) ¥ aca 92 &t

ll-Wﬂiﬂmmdr)—ﬁ?:a;ﬁaqﬁwihﬁ%,maaa%wm%mwa
zaﬁwmﬁmmtlw%aﬁﬁﬁng%wmwfﬁﬂ%—

(i) € TR A wifg I =@

(ii) wmﬁa@mm(mimenmﬁon)m@w

@ T

(i) T€ aY TW I F W @ 2

(iv) T i B A e < 2

wzﬁamﬁﬁﬁaw(momﬁmaﬁmﬁaamﬁwmm,%md’!
ﬁmmﬂfmmﬁﬁ@wﬁmmﬁmmlﬁwﬁiﬁmmlm?
T T WA F AW G G A AU T (Vortex)#aﬁﬁnﬂ'éﬂ%‘f‘ﬂ*"':ﬁf"F
weafaa g (Vacuum) | a1 1 WA 21 ﬁmwmﬁqﬁrﬂﬁ%lsﬂﬁaﬂ““
At Fre ST & 99 W F S T Fra agEvedta I 7 @ 8

TA (coarse strainer) 1 &

§8.3. 3% k2 FuferT, WET 7971 U (Oil Reservoirs, Couplings, Motors and Pump’

(A) ¥ FUE (Oil Reservoirs)

¥ TS T 42, g WA § forwn o —
aq o ' gen ':{17?1 1 : ™ 14 gfa® T (hydraulic fluid) 91 qd I;
i
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“A reservoir is a closed metall

ic contalner with a breather whose ma
cupply the hydraulic fluid 1o the

ystem. "
(i) ¥ T8 F wqw wrf (Functions of a Reservoir)—3vg 7em: *fas wa ¥ R TSR Uy
71 ZH! (storage tank) BNy ¥ TTH IR Fd—

l_aaaﬁmnmamﬁqmﬁmm|
2.%aﬂmm|ﬁaaﬁmammﬁﬁm1ﬁaM|
3,%aﬁ'anﬁqaargﬁammam

4. 39 3fya v (contaminants) #t et % ey (settle down) &Y 2m)
5. fo=m A gt el e =y T FHT

6.W%W(cover)www=ﬁaaﬁ@wﬁﬁwﬁaﬁm

mﬁﬁﬁ%waﬁaﬁﬁmwﬁﬁmmm%n
(ii) HT=AT (Construction)—3e FU8 WU (il Reservoir System) & e I fay g, j
weffa 21

in function is to store and

mtummm&,—fﬂq

Motor and pump
Filler with

filter

Retumn flow

Filling level
indicator (Min)

Servicing—a
aperture

Filling level
indicator (Min) '

Oil return chamber

"N e - < e —



(b) WHE W (BaMe Plate)—7¢ &r & T19
e &1 FEE1 W@ 14 T %) 539 @A (inlet line)
s % € T8 WR-AR T HARA (recirculate) 7 T
2 o ¢ w3 T TwE e T @ L

g feufa & 7€ TR 22 (air tight) T e

(c) fer @ et & (Filler or Breather Cap
ﬂm*wwuramwxmmtmmmmmmaaﬁmaﬁ sk fm 3

STE ¥7 T T (gravity push) H I F
32 ¥ g @) fa ge, A WR H AW FAE

(d) SITE e A (Oil Level Gauge)—T
ﬂumm&mmttmﬁ‘ﬁﬂﬂ?ﬂ#aﬂwﬂﬁﬁﬁmﬁwﬁ@?ﬂ%iWﬁﬁamwwﬁp

o w &
(e)wmlﬂﬁHﬁ(SncﬁondeetumLines)——ﬁﬂT{:fz"qﬁﬁwwﬂmmg
wﬁwﬁdﬂ(mmulm)wmaa@ﬁﬁwﬁmmﬁmmm?mm
ﬁiiﬂﬁﬂtmgﬁmﬁmu&mﬁﬁaﬁﬂﬁ%?ﬂ?ﬂm?ﬂﬁ?ﬁMHﬂ%(Retuming
oil)m(foam)ﬂmtwmﬁaqmmm%l
() mmammur)—uzﬁmwmﬁwam?wm%maaﬁ

sqfed ® 3 & R
u)hmmm—tﬁaﬁﬁm%méﬂwwmmm%lwma&m

imﬂmh}v%ﬁquﬂaﬂumagneﬁc)ﬁaﬂ%ﬁﬁ o1 % FO H A G ST F T ¢
(b)wﬁﬂaﬂ?m(swmmmdmwm)—mmﬁaﬁﬁmf@ﬁaﬁ 3T FA FE)

(B) ®ufer (Couplings)

s W& TS (fluid coupling) Foal TRSaE HD (Hydraulic coupling) T HEEIERELR
(hydrodynamic) %al gREFEAe® (Hydrokinetic) FfeF & < ol 7ifse Wfth (rotating mechanical
power) 7 dafa 70 ¥ o g et &1 T
s g F9 F e § w9 ACHEEd
HERY (Automobile transmissions) H 2 21

i W v S Wi gRa § A

i 2 9§l =X 7fd WaEA (variable speed ;
omﬁon)ﬁ(ﬁﬂﬁiﬁwm%m — ' i T
vit% Sifen (without shock loading) ¥ R 379 N
(start up) JAEHER 2

F ot Fm & d4 J&d Ha9a (parts)
& T—

(i) BrafT (Housing) 58 ¥ o Fed

# 7% Zzd MR F IW AR do-dT

i (oil-tight seal) I &1 =feT

farx 33— wTggifers wateT

m#*ﬁﬁaﬁﬁﬁimﬁas.z
mﬁm«ﬂﬁm(mmmline)ﬁmmtm

.mmm@zammmm

2@ T
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(n)ﬁm(ﬁmhmﬁwﬁﬂmmmﬂwzﬁemmm%

mmmg.mmmawmamm
WR T T Fga 8
FIWAT (Applications)

(i) Sirefies sy 3, " (i) W R A

(iii) = ¥, i

wrd fafer (Working Method)

" ISt Wex
er) AYAT T I ) Emgut (torque) ® e
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(i) R @2 (Gear motors)
(i) ¥ W (Vane motors) 741

(iii) =3 W= (Piston motors)! '
szt &1 ety faer & FEa (6

(i) Pt M (Gear Motors)—frR w #i wifd
e & s 8.5 3 T P s ) fn &5 Sefi fn T & g <A e ofed i (driven)

F 8t W @ v w il e g2 O R

3. Pressure between teeth in this segment
< hoth ways and does not affect

. Segments meshing pushe
: e torque as oil is carried around to outlet

teeth tend to oppose rotation, sl

'\, 4. These two teeth have only tank
line pressure opposing them

Outlet

5. Pressure between teeth in this segment
n.slubwmraysanddoesnotaffect
torgue as oil is carmed around to outlet

fam 85—fmat W
mhﬁm%mﬁwmmm%mﬁm%ﬁwmm%mﬁm
mmqwﬁmﬁﬁﬁmﬁmﬁﬁamaﬁmﬁmﬁﬁmaﬁ%wqpﬁﬂﬁmﬁﬁ
%lﬁmzim"fmg?ﬁwnmm)%mﬁaﬁ@:ﬁ?aﬁgﬂ?wmélﬁﬁﬁﬁmzﬁw
(Unmesh) %,Wﬁmé:ﬁm(side)%@zﬁ%mmmﬁmaﬁaﬁmmf
(hyhuﬁdly}ﬂﬁhﬁﬁ?ﬁglmﬂﬂ'%mﬁﬂqﬁ(torque)mm?mw
firmr 2 #1 faraail & TaAEdl e @1 @2 frew 2 Afew
FAYl %2 Fd 2

3} G T € & a9 3% oF % 4 Ad fam
Tz S 9 1 G4l 21 T9F1 24, AiFd & FR0 FH
T 2

(ii) 37 WX (Vane Motors)—(Z@ a7 8.6) o ,:,t,
et Fae UF fawn B Ui 3ueed FA €1 T F A dren
Yale TR W VAW Fa £, T W e ol ¢ S 9
W%wmﬂmﬁmm%tﬁa%qﬁﬁ Casing
ey W o g & T F vz 9 T o o AT

Shaft Spring Rotor




zfas womel % FEEA 243
mmﬁﬁ“mmm?m?,m:Wm(casingcontour)%maﬂﬂmﬁz‘!{hold}
tmmmmm%mmmrmmW;mmgﬁt.ﬁﬁmmm ;m!-g'l%:
o & Rrerd 6 I A 192 % ey Afen 3 e e o 9 o =) @ PRl W TR
At ¥ A B T G/ TR (forced) :
ﬁﬁﬁmﬁaﬁwﬁmﬁﬁ%mmmmmm,mwmmwﬁm%l

(iti) Fr=F M2 (Piston Motors

»—514% soferdi & firza wher agarm @ WIS A 41 T
TR Fhiga fHa S —

2.vﬁaﬁuﬁmmﬁmﬁm
T fo=a dex (Axial Piston Motors)—37 ®iedt ¥, fireza fafever =ifs 31 s & TR
e A F@ R Y e fop o

4. The pistons, shoe plate and cylinder
block rotate together. The drive shaft
is splined to the cylinder block.

5. As each piston passes the inlet,

it begins to return to its bore because
of the swash pla

te angle exhaust
fluid is pushed into the outlet port.

3. The piston thrust is
Piston transmitted to the
assembly angled swash plate

Causing rotation
Qutlet port [ .. / Swash ?aﬂ
/
Inlet port / Drive shaft
' Shoe retainer plate

1. Oil under pressure at inlet

2. Exerts a force on pistons

fo 37— o foea ey

C 1 e = o E—
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s fres WX (Radial Piston Motors)——'3"?""3';"‘JTi\f?‘"?"ﬁr‘!‘_‘-ﬁi e ¥, fadvedl ¥ T@
mﬂmémmm@mwz,ﬁm,ﬂaﬁmimﬁﬁﬁmwﬁqﬁm
fa3 8.8 ﬁmﬁaﬂw%@aﬁqMaﬁmw
& S R O e A fees R W - J
Wﬁﬂﬁﬁmﬁtﬁmﬁmmi,mmaﬁm outlet
o &1 =9 T R fedver e (clockwise) R F T
& we el WA e e wiE BT
fis-2 I WA wT € w3 3t feafy & T g
3 el fadvex ste qw AR F whtwan R (reaction ring) %
i 9 g0 SR, FW 7@ A F A 37 A (Top and right
fus 88— faea wieT

half) 9 g S 21
ﬁﬁﬁ!ﬁ'ﬂﬁﬁmﬁaﬂtmém

& .2 T &, TE ST H 3R aw o € AW
ﬁﬁaﬁ%mmaﬁgmqﬁmamma@mmm?lmmﬁma, e 9l =

(Pushing piston) & ST & s fadve wis 3 A R
2 AR TH A 79 I T AR A &1y fa= (Winches) anfe & g 2

Rotor Cylinder block

Piston 3

; Pintl
Piston 2 ik

Piston 1

(D) ¥4 (Pump)

mmmmﬁﬁmmﬁmﬁlamﬂﬁ%%mwmwmﬁ%nqx"
mm,éﬁﬁﬁmﬁammﬂmm,waﬁmaﬁw%lmw%umqvhﬁ
T F ¥AM W amﬁﬁqmmﬁﬁlmﬁémm,mmaﬁwaﬂw
ﬂmi:mmﬁmmﬁmélmmwﬁﬁ@ﬂﬁrwmﬁgﬁﬁ(ac‘tuateddevices)

43 W Fga foeve 31 T @ ¢
wmurﬁmm(cmiﬁuﬁonsofpumm)—w&fﬁahmaﬁﬁﬁmm%—
| fr F SR W aEm—

(2) FAEAF AR T A TEGIEEATS T |
(b) T faeaed I A FEGRfeF T '
). feshitt ¥ AMOR W FHEO— |
(a) 799 9@ (delivery) T4 |
(b) 9T WS (delivery) T4
3. 7fd F IR W FHT—
(a) T 71 9ol 9
(b) T¥EE T
el 1 faegd 31e &9 9 A6 H AW T €
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§ 8.4, FREZT (Filter) :

-system)%aﬁmamnﬁm%m
mqgc—qriui%ﬁi?di‘ﬁiﬁm%%mﬁﬁwmmw(contarrﬂnation)‘ém‘ﬁl I\
%ﬁqﬁmﬁmmmm%

3899 (Purpose)— U fipeey e ]

si g)mqﬁﬂm%ﬁnﬁwﬁwm
e AT S BN R1 T fi F e fren FeTa i Aateafs ¥ a9 T w2
(dirty) T ST R, T T 1 ¥ a0 30 W o et

=
méﬁ%uf%ﬁﬁmmﬂ%‘ﬂﬁmm
9 _(p)mﬂ'mméummmﬁ.aﬁw i
' figredl @1 MBI (Classifications of Filters)
ﬁmaﬁﬁwaﬂmﬁwa’ﬁ%%mm%_

(A) Toeet &1 &t fafe & smem o (According to the Filtering Method)
‘M (i) T freet (Mechanical Filters)—3q wsx ¥ ezt 9
ik aqﬁﬁ?ﬁ%irﬁﬁmﬁraﬁmmmﬁ&mﬁﬁqwmﬁmmﬁ%%u
:‘ ™ (i) raynNuT fheex (Absorption Filters)—3 ey Ty ( Porous) qM YRy
108y T S F, T2 969 (Wood pulp), FIL, FFA (Cellulose) Fe TERH (Asbestos) 3
4 resin)méﬁﬁﬁﬁ%m@mﬁ?ﬁm

(Permeable)



246 weted T§ SEEHOA

(C) foreex #t fuft & SMUR W (According to t
(i) ¥2% W yIenyT REEET (Intake or Inline Filter)—

he Location of Filters)
7@ EH TR fipeeftn (suction

filtering) W FE {1 (T faw 8.9)
4/3 Way valve
3
Unidirectional fixed Double acting cylinder
displacement pump

]

-

r
=0 T, B<
i ‘0-7_‘ L’J F’I'BSSI.I!Eé m

reservoir
relief valve

ferst  8.9—Suction Filter

3} fem T | TS T R ¢ faey fF 9w § IufEId §GIUT (contamination) { g FH g
Elr'ﬂi?lilﬁﬁ'tqﬁtﬁ'qﬂ?(lowpmssuredmp)ﬁ%ﬁqﬁﬂmﬁaﬁﬁﬁmmﬁmﬁ'
mmﬂﬁﬂmﬁﬂﬂmmﬁﬁmﬂﬁaﬁwmﬁ%m@1iamﬁ(coarsemesh
o T 31 2 fee e w0 # feeer T FOW €

mmdmmges)—l.mm,maﬁﬂawﬁm et gt & e @1 i T
m-hwtmmm%,ﬁ!{a*(indicator)ﬂmﬁﬂﬁﬂﬁﬁaﬁmﬁﬁmm
fm =@ &1

2-%mewﬁﬁaﬁa(dismenm)mﬁmfm1wﬁmﬁ!ﬂwmuﬁw
fam o1 wF@ €

W (Disadvantage)—37G Wa¥

(ii) Zr #TgT fEWET (Pressure Line Filters)—38 3=4 34
Yeffia &1 2 v & 3% A § o 9 ¢ el fE are a9 fd
@ 9 T 79 TEA 3 9 el F wAm @ ga) 4 feeex wegel faed
fou mem e =ifev)

Y (Advantages)—

meaﬁaqﬁa%mmmaﬁwmmé
freey ot FEd & 99 @) faA 8107
FA el 3 (Actuators) ﬁ‘{ﬁﬁﬁ
¥ o ¥ favg 1 W F

LQH?EW&MH@HQ@WE‘IWWW%WWWW

¥ U | T F1 gHAd €
.2' o= 7 fe e fafew s799a 1 i fd wam@ 3799 (upstream component) gra S 7
FUT (determining particles) q e @ gl 2l
ousing) I RRG

e (Disadvantages)—1. 2@ feet & fag a3 <17 awef #=fat (H
sfrfoa faFan 1 Sfew & 92 74 foed 7@ W FE @ 9| 394 fHeed F A

2.~uﬁmmwm%a@ﬁwﬁﬁ%aﬁm%mmmﬁﬂﬂfﬂ
@UE & T 2

agd 8
A g
El
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Q 4/3 Way valve
Unidirectional fixed Double acting cylinder
displacement pump Pressure filter i
~ 1— T
L:::o | ><
reservoir -
G e
Ly Pl_-essure
relief valve
o s10—2m e
(iii) gt [S1EE ﬁh—m (Return Line Filters)—zg=1 fim HERE =1y (low pressure filter) s
e &1 S 1% 95 811 % weffg 3

Unidirectional fixed
displacement pump

Double acting cylinder
: rjj
_____ ® E

Line to i ><
reservoir - <K
Return line a
L Pressure

filter

relief valve

o SUl—amwt v ey

3} freey T foi=m areg (Pressure relief valve 319 fygmg
ﬁﬁaﬁnm%@{m:ﬁ?@é\m%‘ﬁ

B TEd ? s T TF TET weh w

Pressure drop)
= m w3 oy
™ FH RECL (contamination) § W =y 2
W (Advantages)— | T AR & fpeey
M F R

2 9 W e e fheadl ¥, ammn (Sizing) F1d 7w ferafim fagvey (discharging
actuators) TI1 HEEHT (

accumulators) ¥ 21 I WaR® W 19 fa=r s
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(D) forvefin &t} aweh e W &

(i) quf warg RFEET (Full Flow Fitter)—(38 3
fFm I &1 fFeet sTeTs & YAV (inlet) W 39 F T
mﬂWEﬁW(outlenﬂmﬁmﬂm'“@a
v B §1 7§ T v ol g @ o e J (con

" Fed €
(ii) WaruRt f&WT (Proportional Filter)—g a¢-r fFezt (Bypass filter) st |

fa3 8.13)

gt 9X (On the Basis of Quantity of Oil to be F
s_lz)mm%mﬁ,m{ﬁaﬁaﬁ

mmmmamm mﬁ
81 (efficient) fpeet € AfFd 399 3=

tamination) ¥ 1o soia (blocke

v fram
_\,_..

_— 2 —

fam 8.13—wwrguTdl feet

o A fpeet @ TR €, WeqUl S TE T
e g0 WY @ TR fear S 81 FAga e

3 31 f for7 8.14 & W@ 21

¥ Zfaw WOl w3, 96 # F99 39
T@ WM UF WH T (restricted passage) ¥ o
F Fe { UF &7 A (drain line) T T S

Double acting cylinder
Unidirectional fixed i
displacement pump . _]_
I
Line to r =
L—I reservoir ) ( :'"' o L
Proportional o % .
filter _
— IL Pressure
relief valve

faw 5.14—U% yow §7 g vnfon wurgard feee

§ 8.5. @fe1 79T AfHT (Seals and Packing) :

Tt gfae Fonferdl # SiES U TG AR &1 T9d g Hedl @ ad v @
3fg et 21 37a: sfas wonferdl § Hifem gfea (sealing devices) 1 Wi T e

(Power Josses)’

a@aﬁmr”



L}

-

(a) TEH &HFs (Internal leakage)
(b) &I e (External leakage)

8.5.1. HITT &1 F (Functions of Seal)
S ST Ton 3 it mmmmﬁ@ammmmg.ma
HIE B R AR T g S
1_Fﬁ%ﬁrﬁaaﬁﬁ%——3wﬁmwamaﬁn

2_mﬁﬂﬁ%ﬂmmwmmﬁm?m%m
3. TE H T T

(a) WHiferT & fafy 3 HER W (A ccordin
(i) YT wHifem (Positive Sea
(il) I¥ATHF Gifem (Non-positive Sealing)

Qmwﬁawmﬁaaﬁiﬁamwﬁm
s, W a

g to the Method of Sealing)
ling)



A T 2 T s ) ) el e e s e 7 T B &) IR % Reve—
wha T TW W, O.fm ) R srvwrg En o 41 afe e g @ @ A R W am
e, T few oo

e W TR T o o o & o e R ot ¥ W R A ) o e e 3

T (wear) ¥ THEn B ¢ S0 E v o d ¥ ek fwa @

(c) Vet FITE W & WMWK W (According to Geometrical Cross-section)

(i) O-Rm = (O-Ring Seal)

(i) V-Rn 7@ Ui " (V-ring and U-ring Seal)

(i) T-Fn &= (T-ring Seal)

(iv) f== %9 & (Piston Cup Packings)

(v) f== R (Piston Rings)

(vi) I®R A (Viper Rings)

(i) O-Fér WY (O-Ring Seal)—7¢ 2w YIferdl § Waford ¥q &1 achl Hrel B 7€ TH HeL3
mmmm&mmmmwmﬁmﬁﬁélﬁﬁaﬁwﬁm
1 T et & ford wam W wEA £ 9% W W, <@ ad T F 0 FE 70 F o Ao
mmmirmmﬁmmwwﬁ%ﬁaﬁaﬁwﬁntﬁwmmmé
st i ¥ o T e T T & T 81 fad 815 F O-fRw Hie F g A wea

™ t—
Note: Clearances are greatly

1. The O-Ring is installed in an exaggerated for explanation

annular groove and
at both diameters \

10T

D!
= 1@

—=>

= L_I(PI

2.When pressure is applied the :
O-Ring is forced against a third - 3

surface creating a positive seal I
L

faw 8.15—o-ftn &



l_

_ mmﬁvﬂtﬁﬁ:mﬁﬁaﬁmmpw
TR F fere dam fin (Backup ring) % 5 wm ¥ S
f 8.16(b) W Waf¥m 2
= = S,
= —.
=> —

1. Increased pressure forces the
O-Ring to extrude

(a)

fax 8.6

(i) V- @ U-RT 4 (v.ping Packing)
ﬁﬂS.l?ﬁ@Vﬁﬁlﬁmﬂﬁﬁrﬁ%lﬁ@%maﬁ
;ﬁaﬁa%aﬁtmznﬁmﬁ:wwﬁﬁmm
mﬁ'mﬁa,mam‘:ﬁmﬁrﬁm@.ﬁah

(Press ranks), 9% (Jacks) ¥ fimas qeq =g 12 oy

ﬁwgmmm%

afqa;wa?ﬁ%n%ﬁms%afwﬁ@ﬁm

w2

(iii) TR HA—T vy frog o T Tfr
(Reciprocating dynamic) T % fem IFY W wyE
T F B (X 7 8.18) | iy HINET 30 g (O-ring
grooves) (fo&== qeogy 772 STRTYA <) fRe vy ¥ fere 1 iy

mm@'%mmﬁam%mmmm
T R

(iv) et &g dfiiey (Piston Cup Packings)_ (33 fe18.19)
hmmf}ﬁmaﬁa’m-nﬂwm A T T Y fes
% for fadry =y fesme faran s 2 %

—

2.A black-up ring prevents extrusion
(b)

—T-He

o 8.18—1fm wim
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faw s19—fem wu fn
(v) Rz ® (Piston Rings)—f3 820 ? {7

/—tﬂaﬁn

ﬁﬂ!‘-l-\\

o Wi &1 ¥ i vy w2 R e ¥ W ==
# =@ & Wy s o R s SR a2

i o Y T s TR sfE iR
e v dris Wb 8 W WO e W g

=

Rz e SR & g SY T € i S

=
uuuu

/—ﬁ:famiza

ol 000 i

B (Lubricant) ¥ TR oeTs 700 JIOE @ —

Ted &1 ToEw & v Sy Ties § W@ 0d #
¥ @ TR 3 ey fFmeT @ W T\ W
= &

(vi) WIgUT FET (Wiper Rings)—a 1 78 @ ¢ fowa
(ahad\twcmndvcmiﬂs)ﬁfﬁﬁ%ﬁqﬁ?mmilﬁzﬁ
sz de o st AR WMATE2ATE
arw o w=féa &

(d) die 9ZTel & YW & FFEN (According to the Type of

Seal Material Used)

fam 8.20—fae= for

fax 8.21

ﬁam%m(m)tmﬁlmﬁﬁfﬂiydraulicseals)ﬁa?ﬁ%ﬁmmmgl

§ 8.6. HiferT w21 (Sealing Materials) :
de ¥ ¥g% o9 a9 V58 W 1 i—

g7 a1

(i) BT (Leather)—7¢ V2 W, 5948 991 %9 F9a A & €1 7% Gl .
_50°C S #

& 791 90°C ¥ S 37 T T & 9 FE g yonerdi § v € €1 A

A W R FE A FE T @ e

l
5 T

(ii) WALN (Buna-N)—7% T2 T&1, 74 F1a &1 a4 o aen @ ¢l gah HoA o
# 09 (range) FIGFT AT B £ (45°C A AR 110°C TF) fores meA 4 9

a4 A 2




4

7

—_—
e ]

5
g
s
g
A
5
£l
2

13

ofas womell ¥ Wamm 253

(i) TSI (Silicons)— a7 3o (Elastomer) ?
FET AGF AT W (-65°C F TR
12;@% # mamgmmﬁmmm#mmmmtmﬁﬂ
yf=re armre afega 2 2 mﬁm,mﬁlﬁw*mwmtm
T B wfaawma (tear resistance) 9gd FH il 'tl

(iv) T (Neoprene)—z waret 500¢ 2 AT 120°C 7% Frarsrl
AT T
/A FIW AP &N ¢ T i whom 3 (vulcanize) 3 wafa 2t 31

v) ;@ﬁwﬂﬂjmigi (T_etraﬂuoroethylene)——-ﬁﬁm el ¥ de ¥ fou s IF o
m‘ﬂ"‘e; E;‘:*‘WW’TB’W%! & T (tough) A TR w9 X A v 4
9gd NAIED (extremely low coefficient of friction) 21 2} T TS I
(drawback)W%ﬁﬁmﬁﬂ(ﬂow)ﬁﬁﬂﬂiﬁm%l T
(vi) ATFST (Viton)—ar5eT & wmm 65, T TF AHE Y
TR TER F WA F g B @ AIEE A Wwﬁw:
A 28°C T Fd Ft §) o S -

& R 7% 120eC

@aﬁmmmﬁimm?mmmml
qmaﬁmwﬁqaﬁaﬁmawm%wm

"ﬁm”aﬁﬂﬁwﬁaﬁﬁqﬂﬂmmmvmmmﬁmm
wﬂaw(Reservoir)mﬁHWHﬁmm%mﬁm |
wﬁaw%wmﬁmaﬁwﬁﬁm |
@ sfa® Fufem (Hydraulic couplin

Hw avix Fifag)

i
3
L
:
1
7
3




STt yoTelt & aId

: e (Componentsof Pneumatic Systems)

S

e—————

59.1.mmvhtqam (Basic Components of Pneumatic Systems) :
mmﬁmmﬁamﬁ%mmmwmmﬁ.@mm
¥ T TF wfEn Ay S R AW wE i g @ g A @ S o 0.0 3 waffa 8
e g 3 5 B 7 o 2 & o wm & i g ) e o T €, o g ¢
aw fafvst mﬁ‘%mmmﬁw-mmam%mﬁmmaaaaamauamrs)ﬁqgai
3 @ 7Y ¥ I IR (wreatment) F fF T T
Compressed air generation

Compressed air consumption
1"

N ~»

5 1 2 4 = =
L] 15
7% 16
3 a ©00 N 1

\ €l T g 13

y
= 12
fax 9.1—us A yomedt & g IATA
ﬁi9.lﬁ@mm%ﬁqammﬁm%|m?¢am1ﬂwﬁaaﬁqﬁaﬂ?%m

mﬁrﬁiﬂiwﬁﬁmmmswﬁes)ﬁnﬁmﬁﬁamﬁﬁlmtmmﬁﬁ%——

1. HdiEF (Compressor) 2. fag@ H (Electric motor)

3. 9 WE (Air receiver) 4. /@ f@a (Pressure switch)

5. gUan arcd (Safety valve) 6. #2gA (Autodrain)

7. 9% ded (Check valve) 8. 2| 79 (Pressure gauge)

9. g ™ (Air dryer) 10. 3R fEeet (After filter)
11. 2fm (Tapping) 12, &g (Autodrain)
13. UaR TfE™ g (Air service unit)  14. fewm frg=m1 ared (Direction control valve)
15. 7fa A arel 43 (Actuator) 16. Tfa fa=1% (Speed controller)

154



X v e e A 2 s e
RS R E R O f I

1 FH a9 B # A IREAE]
(vii) W% ATEH (Check Valve) 3% g =7 F4 a1 yarE
H Ya® 1 48 9 g (constrained) =% a1 &

tiﬂﬁawaargma
1R
ﬁqmﬁﬁmﬁﬁﬁh%nﬁwﬁa&m

2 %ﬁmﬁ(uwdc)
mm%ﬁm%ﬁamﬁm%nmnﬂmﬁ AR F W3 R wty
am%ﬁ!@ﬁﬁwmaﬁﬁrﬁmm‘%l@w
e B




256 wiE T TAHEH
(xv) mm(PmmﬁcAdmlorF—“Hﬁ*.ﬂmmﬁqﬁﬁﬁa@ﬂﬁaW
Wssuﬁrtdmedium\ﬂ{ﬂ?m,mﬁsahﬁaﬂam?ﬂﬂ_ﬂﬂﬁﬁmﬂlmﬂﬂa‘a
mzﬁM(mﬁmgﬁﬁnﬁnmﬁmmﬂﬁﬁﬁﬂgﬂ (quick) g1 Fard
W™ (accurate response) H mmtﬂﬁsﬁaﬁmqﬁmwaﬁmm (motive

m»mw.amm,wwmamtn

W07 97 WRE¥M (extraction and retraction of pneumatic ¢
FEEEE ol B mmmmmmaﬁmaxm (combination) 1 341 f&z

=@ R

§9.3. 91 VWAES (Air Compressors) :
= T = e ¢ R 7y F e Ew W (O
§ W) IF GAEE T F =W I 2
mmwm.mmmﬁ.mmﬁl

wefigs! & wiETo (Classification of Comipressors)
mmtmﬂt,mﬁzﬁaﬁﬁﬁmwﬁﬁmm%—
(i) T famaes T=EF (Positive displacement compressor)

(ii) 3reAwE fawgreR F=9gS (Nonpositive displacement compressor)

mhmaﬂﬁ'ﬁ,@ﬂwﬁm%ﬁﬁﬁmwaﬁw,aﬁaﬁmméa |
T faea TeieE # fe g e o wEd €1 A 1 T W st aTE & YeH
zae’ (Impellers) I s fean < @

tmmmﬂtlFﬁM:W@a?(Vanes) Ag4T
uﬂ;ﬁﬁwﬁwﬂqmﬁ*amﬁmm?—

FrgwvsEa @) | 3+ e 7 (T 6

|

Positive displacement types F_Dynamic displacement type
I (Turbo compressors)
l l 1. Centrifugal compressor
. g ypes Rotary type 2 Axial flow compressors
S
: | Pimn COMPressors 1. Twin screw compressors .
2. Labyrinth compressor 2. Rotary vane compressors -
3. Diaphragm compressor 3. Lobe type compressors ‘
4. Liquid ring compressors

fam 9.2—wudigal & A&l




?

|
1%"

Tafa® wim 2 o &
3T T B Frepifog
YER F B gy ¥

ayeyen (high pressure Capability), Tofrzy 3
fpn ST 21 A foR Ao (Portable)

(a) e fafeusy awitys (Single Cylinde
wﬂmawﬁmﬁfuaﬁw&mﬁwmﬂm%l
uﬁm%nmﬁmﬁ%m%ﬁmwg

IHH T (Rexibility), 353 =
FA B AN F F 3= Aoy

r Compressor)—fa3 93 ¥ us TS
mwwmhmﬁw%ﬁﬁmm

—

Inlet air-—%%

mﬁmwﬁmw%ﬁm@ﬁqﬁmﬂ%m%wwmm%am
T (Receiver) W it et ) IGE 9.3(b)I

(b) ¥-UE fowew woftgss (Mul
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Intercooler ' ,'?——T_Suuot

-

O Second stage

° (high pressure)
O Firs! stage
Vaive P (tow pressure)
\\ Driven by
same motor
fam 9.4—ugwe R oy Wity (TP L))

maﬁﬁmmmﬁmmé:@mmﬁzmmw@aﬁaﬁﬂwmwaﬁm
ﬁmﬁmmtmmmamemwenmamﬁﬁﬁ(ﬁﬂ%ﬂm) e e itfaq
(Feferwee 3 v $2) & 41w v i, Fre G SEFA 5 o g v o & e e i
weiigal ®1 ¥ 359 TW FPEA § o e R
mwm4ﬁmmmwmfsﬁaﬂwao,mﬁmonrﬁa?q)%Ef%-'rqtlﬂ?ﬁiﬁ
?lmmmﬂm%m%memﬁﬁm%l

Intake filter

Third stage cylinder
Guard

Electric motor base

Air outlet valve

Pressure switch

Air tank

faz 95—t vz wwitgs &% fafaw 3m



@) f&-¥F THEEH (Twin Screw Compressors)

& FSF WA T (< 10 bar) T W A AT (5000 m
mﬁ;&wﬁ%lqwﬂwaﬁﬁﬁg.ﬁﬁwﬁmﬁmﬂm%lw
contour) T THU IS H2L (convex contour) AT 3 TF B

Sfhour T%F) F FEEFAN F o
TrieF ¥ uF Eaq F (concave
# o vt e we #

Female
rotor

Intlet —>

Recelver

mqqﬁ%ﬁ%ﬁnﬁﬁﬂh%wwwmm%aﬂtaﬁfq%mhmmapped)
imﬁmﬁiaﬁtmm 2

'm (Advantages)

i.ﬁmamfsmqfrwa%%l

L5 5w M H HEm w7y w2 m:ﬂaﬁuaﬂﬁfﬁ‘-ﬁﬁ%u
1 3. T Fgy (pressure pulsations) AT T )

ey (Disadvantages)
L2 iy ¥

2-@.%@13&1%%%%@%%7@'
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(C) yuif &% wufigs (Rotary Vane Compressors)

ﬁﬁﬂmmmtwmﬁmﬂﬁﬂaﬂmﬂmmm
fax 9.7 ¥ I% gefies weffm & wd A & @ A
e F W AR IR w2

IC

fam o.7—yuil &7 FEAEH
ﬁﬂ%mmmmﬁlﬁw#ﬁﬂ%nwm%ﬂm

¢ ¥ et aeX agaTEl (receiver) H Tt I 2

Receiver

¥4 VX goa € @ Hfam A Fafa
3 7w godifed ot 21 ifea 9 @
T YA SWET F9 oA ¢

§ 9.4. A TRIFTUST (Air Cylinder) :
mmqﬁ&mmagﬁﬁﬁﬁa@aﬁaﬁmmﬁﬁaﬁmﬂﬁfﬁmﬁ%mmg
Ted: T 36 AN (single purpose application) ¥4 T (clamping), TfF (stamping) I'I
HeféT (Metering), fZfeT (Tilting), TS (Ejecting), |

ZIEf (Transferring), Sif97 (Branching),
Zf¥1 (Turning), e qm s A EAn # A R 9@

|

Fif&To (Classification) l
ar fafaved #1 i y@R Figa fFa S 2—
1. g, foed fog ag faferzdl @1 WANT &1 8, & MG UT (Based on the application
for which air cylinders are used)— : o
(a) TeF Fa1 Ay fafeost (Light duty air cylinders) :
(b) WEAY a1 9 fafavet (Medium duty air cylinders)
(c) 9rdt Wa1 arg fafeeet (Heavy duty air cylinders)
2. faferuer &1 fiear & MG 9T (Based on the cylinder action)—
(a) T fman fafevet (Single acting cylinder)
(b) Ta fia fafavet (Double acting cylinder)
(i) e Ue fafavet (Single rod cylinder)
(i) TFa Uz fafevet (Double rod cylinder)




Ing)

|
y |

ation

(b) ST SFR F A faferar (Non.
4. Taferos feomg % amur o7 (Based on cylinder’s design)—

(a) 2efrenfys faferorey (Telescopic cylinder) .

(b) 229 fafev=t (Tundem cylinder)

(c) TS Med fafawsr (Rodess cylinder)

(d) 3= fafauey (Impact cylinder)

(e) BTy fafevey (Duplex cylinder)

() F-fa= F W fRS (Cylinder with in-built sensors)
mﬁﬁﬁgﬁswwﬁmﬁmﬁw%—
(i) Twe T fafevet (Single Act

3 fre 1 w“ﬁ.mﬁiﬁmaﬁwma@mmaﬁwanﬁmﬁmm

o3 9.8 ¥ e fipm foferey wefim 2
Pressure port Spring
d
|\ \ A\ D \ //Rod Extensionsio:e
VO i
‘ : I Return stroke
I | (by spring)
PistoL seal vim
o 9.5—vwm frm farforay
e e feferven i i oy oy 3

Eul ’ Rod
e — i
| -/ o Extension
| ——— stroke
——in
Pump flow Piston seal Return flow
o 9.9 xwm S faferey




262 Wit T EREEEEA
| fre AEE F
Wﬁ'ﬂﬂ(cxhausnﬂwﬁ?ﬂtlmwﬂmﬂmmammém a2 TF
mﬁwmeaﬁmmaﬂmmﬁmmmﬂlﬁBOﬂmmW*"
& I B T et
(ii) YUif fRAUET (Rotating Cylinder)— M faferet, —q‘" % ﬁ;t’a: ?: i ;Q:ﬁq'
Yo T T S & e 2 ft R W T W m“"“’ﬁ el
Rfroe & e o feae RS (cisributor) B S R e &1 3 31 e b

fres & T IvEs AW B
F‘ ___r__l____ i =
_/@.\_
l
| 5o =
l_\’//__ )
faw 9.10—yuil fafevst

(iv) Squif fRfevsT (Non-rotating Cylinders)—3H fafevet T8 STgsamm 4 wgeh e 2 fi
urd W1g foufd (accurate linear position) T & ity sfufg=rg (Precise angular orientation)
- wt &1 e faferved § TS P = Air inlet port
¥ gwE ¥ 790 § fou v e

W wFd ¢ W 7 F9-F9 94 o9 Tl
g & Fi-3 far fewes T (TR qu IR

F ofed) =1 vAm 9 de A | i
T3 ¥ fau faa s 21 z —)
(v) Srarem fafeve? (Diaphragm
Cylinder)—zramsm™ fafavet 3, frea &
™H W & W (Diaphragm) &1 §
W 91, SIfeEF H9a F1 @ F A
291 & 3R 1 UF 912 99 qEad a0
(Enclosure) 991 @11 31 81 31 (Metallic
halves) ¥ &9 § F™ (clamped) &A1
@ ¢ 54 fF fa= 9.11 # weffa 2 fam 9.11—srarwm fafeost
(vi) 2989 fafevet (Tandem Cylinder)—277 fafavey, a1 = fir faferredl %1 GawA 8
ﬁﬁ@*“ﬁ@mqﬁusmglcunmmﬁ%rmmmﬁwﬁﬁmﬁﬁ“ﬁ

(independent direction control valve) 8”1 39cied &A1 Sl 2l _

(vii) Z&e fart fafeTugT (Double Ended Cylinder)—3 T faffan wam & faferrst #it ¢ o
@ﬁmﬂz.m%zﬁfmﬁﬁﬁmﬁélmm%faﬁv@wng@wnug%ﬁ?ﬁm*“
mwmmmﬁméxmﬁﬁmmaﬁmgmmmﬁwwf
3| 3 fafovet & @rEel T 19 396 €7 € frgh § o a S qr srara fefeet ¥

@ -/ﬁg

Diaphragm

I

H—Stem

T—Spring

LAARAAAS

L

[l

|
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gqﬁwmtlﬁwﬂmmﬁﬁﬂmmhmmmimﬁ@w@rﬁmﬂzﬁﬁm

(restrained) T o S & qon fifemrey A, 7 2 (moving table) M IN-9 TER ¥ fow am
et 21 Pt 9,13 A UF T o fofever wefin 3

Pistons
L-ﬂ / A Pistons rod j
';_".' 3 [ | 4 C
£4 % i
] R " /O port /O port
Cylinder body
fom 9.12—2378w faferey fax 9.13—wwer frn fafereey
(viii) g=Fw fafeosr (py

plex Cylinder}—@{@lwfﬂﬁ-rmﬁ"ﬂﬁmmﬁﬁmmq}q
ﬁﬁ%%ﬁ%lﬁmwmﬁ“@ﬁﬁg,@ﬁlﬁﬂm%ﬁgmﬁﬁ(Nonrodend

aﬁt@ammmélwmfaﬁmaﬁmw— ‘
Wm*m-mam%mam

ﬁfwﬁm@am%mmﬁm%
mmmﬁmnﬁm%ré@ﬁag.m

Pistons

| Pistons rod

Cylinder body
o 91—y ooy
$9.5. a1 fohee, Tqetex qen IR (Air Filter,

Regulator and Lubricator) ;
(A) oY fF=T (Air Filter)



fFe. T 78 anfer F92 (F R w0 A
o9 w0 8) R A s W ¥ o smm (R B et » A wit Nt o
FAN WEH FO F gUE T gEA §) 76 98 WA A i
T B 1 W A feeey amaa S @ 50 W I F‘ {"J

F WU F YUF FOREA 2 -
m«m‘——@m {cartridgclm o . \
a1 R F9 .15 % el & 7% v A R « h|
FRw, T (deflector). W39 (bowl), TR 3" Filter 41 ‘ Baf
a3 (water drain valve) 32 819 §1 fFeey a9a W7 catridge o e
oWl e ® 1 w9 o 21 10 W) | ¥fuw T@ W
A, WG (brass) F & T 2l
a7 T W R arg feeet § T FI0 W A9 F Liquid

collecting

% 3iR wsa A T & T e # s R oy

QA g & T FU 99 5O IV, fheet 30 H A

ZaR | THOA & TW THE T (contaminants) fHT

59 F oeh & o0 9 & I6e gl g4 a1g i fEe fex 9.15—arg Ree

R g SRR AT e W A B

3 € A% & TG (Precleaned air). fFeX s @ el & q@ gea w1 oA fheefa @ 9 € e

gi:%Mam,m%mmﬁﬁméimmmmﬁéﬁmﬂﬁﬁ%lm

mﬁmmm,mm%mﬁﬂﬂamﬁ*mélmmgﬁﬂ
|

7 9 Sfafs Afvmem 3F =:g7 gfaw, FE9 A% g% (service life indicator)

(B) &g @ f7am& (Air Pressure Regulator)
sﬁ(Funcﬁon)—ﬁmamﬁmawngamamaﬁama@wﬁ
2 TasiE F g I o F e a3 @ 8
ardr yonferdi § WEE 2@ A @1E 9/ § 9gamd (variation
5 28 AEHEF € fF 9 ST ¥ F7ET < F e e s A
7@ | F9 ot 9fEd

-— Plastic bow

Drain valve

21 911 3R 9g[

) % T | § SAR-wgE a
e e a1 W

o

d\“m

zm fram& & WEW (Types of Pressure Regulator) : ‘
7/ s 3 YR F e i—
(i) SR YR & (Diaphragm type)

(ii) fo=2a 9&R ¥ (Piston type) ‘ . ke
mmmﬁm;mm%mmmmawam% o
ulator

L
o i
| F

(C)

(i) fam famiram sigan fam agani s&R &1 fam@& (Non relieving or non-venting type €8 -

(ii) fomres sgan agani g [AME (Relieving or venting type regulator)



Valve disc
~
Valve plunger

Inlet

Valve seat ring —|

Diaphragm/

949 %

v
r
2
=
a
=
(=]
w
o]
@
b3

TR
1
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o WiV T F T T3 F g, i
.muhﬁmﬂmﬂﬂﬁi:m = Upper
o o6 3 @ TR 9 o § R '\ 4 chamber
e R (Mist) ¥ ®9 3
S 3w 9 ¥ fremm @ el ey P =3
FFUET (Air actuators) R S e, T Intet - ai Outiet —+ Luué'?rah
s Eﬂﬁh m 3 — 31"?( I — unlubricated air J
i ¥ ¥4 f&m = w1 Needle % \‘*m. \Check valve
Srdyonel (Operation)—393 Frfafa Wl / 0l mist
e ¥ fogm F @ T f (3R e 84)1 4 2 Ml
2 o, g B WA T R Lower || 2]| Wube
art (venture ring) ¥ T 1 39 WA W ol
7/ wga W o € W Y, TFEOST Glass_,
@ W WY & 8 I Sk g e o paasssd )
S F Tea TR & O A, TR N o
(Riser tube) ¥ S Jg@ € a91 3 & 9, ——
fax 9.17—arg TgEERET

vaw &0 gl 9 ¥ fow 9 @ R

T 99 (Fine mist) ¥ 21 30 F fagg Tamw a9
) d (Swirl) ¥ &9 ¥ F17 fGfaret 3

A (Needle valve) F1 YA faan s €1 de a1 fasm
mmﬁﬁmmiﬁ'ﬂ@ﬂﬁ%mﬁWWﬁﬁWmilwservoir)
FET (Mist) € F| & s 21
Wmﬁmméwmmmmﬁl
T T 9 A ST TE W AT Foweh gaiHe F FAA
TqE YA (Viscosity) I 10-50 F22F F7a1 SAE 10 et 21

F.R.L. 3/ aféw g (FRL.U
e freefia e 9 2, 39% @ uF fafve 7@ W i

¥ 3 ¥ faar 5@ €
mmwﬁm,wi’gﬁam@aﬁmaﬁ

fopa ST 21 A Fem-Fren o T fFd o1 9 € g
mit)%mﬁmmﬁtaﬁao.lsﬁﬁﬁmmmmﬁmﬁmw?l

FRL. 3 =1 ofém 3fe Feera 21

§ 9.6. aTg fafervedl &1 WEATG, STV a1 IHTAAT
(Installation, Maintenance and Application of Air Cylinders) :

1. GT&MA (Installation)

@ g gt anfe srifea Fvil 1 fafavet # vaw 78 27 <d fored JerTd

afy g waTE FH B A A |
e @fys A @ s R 5

MUﬁtmemﬁmwﬁ
fn ST & Ao 3T H ogeliahed H, T

mﬁmaﬂqﬁqaaﬁmzwﬁwﬁa
et wArT & A T T Jfe (combined

argara fafeer a9 1 qUea @fed @ g7 @ g (covering) qeeré fard i #1
A d m;ﬂﬁ(imernﬂ

sﬂ?ﬂﬂ’fﬂ#ﬂﬁﬂ‘

l
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Clean, dehydrated, Clean, dehydrated,
compressed air regulated. lubricated
ressor Clean, dehydrated, regulated at desired essed air for
Comp compr:
compressed air pressure for spray cylinder, valves
Motor (97%) with guns, food packing, tools motor, atc
d < Pressure vesse| | Pressure variations oe
i with sotrestored

v

compressed air l L - k

Polluted
Emulsion made of compressed
lubricating oil and air, oil, water
condensate & soil matter
Ropuior Lubnicator
o 9.18—FRL. gfiz & drmm
scms)ﬂﬁﬁﬁlmwmﬁ?ﬁﬁW%lmmmaqﬁm g T H TG F A
7 o 2

Yl TR F fam (chips) & & (burrs) #Y 721 3 e
IT ¥

2. JAgor (Maintenance)

ifi
(a) fofervet % am i g o (blind end cap port) T ar ﬁaﬁ%awﬁmﬁmiﬂ@a
s (stroke length) 9o/ <) gl 39 g (vid) § Y oRF T A 7



268 weiw U§ wEeN

() W FR W T IR | T o ) s W FO N A T
¢ i SR % AR T e & v ) o g T A
Ao T (leak) T W } w W@ wew 0 whew
() mvﬂmmtblmﬁ&wﬂﬁntﬁq\ﬁmmﬁlﬂsmmmmm“m
fres e FFER (retracted) wifen)
i) T8 4T war e w1 WA (Verifications of Rod Packings and Seals)—
(a) fRRTTET ¥ WE R W (rod end port) W &Y H o wA B
(b) ::_"*mm"&!lglandi W Fﬁﬁuhi’gwmﬂﬂﬁ(lcak detecting soap solution) F el
1
() wwmtanmmmmmimwmaﬁw—m
(iii) 4T WS ® WG (Verification of Barrel Seals)—
(@) fafe® & &% fo0 F9 W (Blind end cap port) WIETHEWW?I
{hlizﬁmém%%mm%mﬂainaﬁﬁa?gw%a\aaﬂwm%l
© ﬁiﬂiﬁﬁfﬁmw?ﬁwﬁhumage)?wﬁaﬁﬁﬁ@ﬁ'éa‘fﬁ:rf‘ﬁwmaﬁ
AR
(d) THF T (a). (b). () Ft Tz fan Fv F fow o Jwm 2

3. JIwAm (Applications)

e 1, 79 fafeved = wgaa 3 s &5
@23 (holding) T VoA & fow wam fFa 9 1 T
(Pneumatic force) T TGN (precise) ¥ g FT w3l
v w fafe ¥ Y v &

mgﬁ:ﬁmga(quick).m,ﬁaﬂammaﬁaﬁ
33 feamed, A (styles) 3iR f&FEA (options), 3 f&
3 syee B &1 A e aw 7@ frane A 6 I

Wyt

|. @& a9 Yoneh @ faE 49 39 W vHE S § W fafau

). @ aEr ToNE § WE sEEE & Sl @ a3 Fif

3. 3 weiies =0 TR €2 T FE Fifoe

4. TFa fafdvet Tvam ay §HIES (Single cylinder reciprocating air compressor) # Frdwoneft &1 af
o7 Hifa

5. T% 9g9e WHEF (Multistage compressor) # frafafa 1 t@fad (line diagram) &0 qaAEa|

6. TF f5-5F ag WE® (Twin screw air compressor) 1 AT oA Fife

7. arq fafavat (Air cylinder) #1 SRwifaa Ffoq agr 371 FiF EaE ey

“Wmﬁ!ﬁmm
mtrhmmitftfhm

I & A 3 & feafa fAuRoT (positioning),
mwmmnﬁﬁa@m
%lzﬁm‘}%mrwmﬁm%

tdg 1fa e 1 # A& Eproven) K]

S A s % forg Sfed @ ¥,
2 s A i # g6 B
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8 qmﬂmnmmﬂmwunﬂmﬁmﬁmmﬁu

‘Il
12.
13

14.

% ITANFM (Diaphragm) wam ¥ faferrey = wfey avfy wiforg)
% Wy freey (Airﬁller)ﬁWWthml

oy T A (Air pressure regulator) 1 wfry avfy #ifa
g TR (Air lubricator) #1 wfry aviq L]

FRL. 9% 3 3 w1 worwd 2 v an a7 9,
wm*m.wwwmmmﬂfmwmr




- (Practicals)
WO w1
¥ (Object) :
fro T 7= B0 TR W W W S A—
(i) WEnfizy 299 (Piczometeer tube)
(i) fove Fm Tww Siem FART (Single and double column manometer)
JAVEE ITETW (Required Apparatus) :
faar = (Theory) W1 34 (Study)
(A)mﬂmmum—:ammﬁaﬁwwqﬁa?ﬁmﬁﬁ%qmm&f
F oA ¥ fog yam e o &
“A piezometer is the simplest form of manometer which can be used for measuring moderate
pressure of liquids.”
fa3 P1.1(a) m(b)tmaﬁaaﬁmqﬁﬁﬁeﬁéﬁwaﬁﬁﬂmﬁ@ﬂm
23 1 77/ A 91 #1 97 1 FA Aol A A ’

& 3 gou fou 38 %@ | 93 oA € ol M
memtlﬂﬁﬁﬁﬁmﬁmﬁ,ﬂﬁmﬁﬁ%m—ﬁ(pressurehead)E?t )
=a FA &1 30 VER, Az w41 § w G 97 e 59 w1 # it Iua e dwa p & T@ Aol A

;aaﬁiwré,a:f m:mmﬁmﬁﬁm’imiﬂaﬂmwaﬁwm%i
o

PP il NyE
I i i

1:@ 1T )

=
i
£lo




“Manometer is the advance form
ssure and negative pressure to¢,

HAfe e TR & 9

(i) @ Hnfex (Simple manometer)

| (ii) T T (Micro manometer)

l (i) Ye-T9 TT T (Differentia] manometer)
B(i) €Y Sr@ETH (Simple manom

eter)—3uE = U-aeht (U-tube) & SR =t 3t ¥ forgiy
A T TG W E@ R 9 7 mmﬁ@waﬁmwaﬁmhmmil
U_ﬁm@mmﬂqmﬁm%am

‘ Wﬁﬂwaﬁwﬂﬁaﬁm%ﬁuﬁmmtﬁ
& {4 P1.2(a) T (b) ¥ femmn my 3 fig P1.2(a) ¥ " o1%-2m (positive pressure) A9 73 P 2(p)
i HUTHE <9 (negative pressure) Hrqy Bl e fear w &

HTes,

(b) BT zq




TR R ¥ wid wmmwim-m«nmmmatMI
R “|=U“mﬂﬂw#mmtmm:ﬂﬂﬁ#ﬁ(cm)
by = U-Teh W) < s ¥ e o & S W g I (em)
h= WY ¥ 39w T W (om)
5|=lﬁinmamm

S;=‘Hﬁ!ﬂm!ﬂﬁmw
- S o & SR Y (2-2) WA = h+ )by em (T ..(i)
- < Y B ST Y@ W I = Syhy em () ...(ii)
s MR tw W 7w O ¢ g w (i) AR Gi) @
h+Sh =Sh
- h= (Syhy - Sihy) em (TFA)
Ader el YR <T@ 14 feRaT T We #—

W ¥ IR HOE TR (negative pressure) & A TA
mﬂmm#mu-ﬁﬁtﬁwmwﬁmﬁqﬁﬂ(sucmﬂm%a’hmﬁ

73§95 SR TN § e T g W @ §O SW A A & 4 F oA P12b) H fewm
T # o 2 W W 2 F O W b 2-Z R A T R A T SN F

W T & T«
=h+ S;h, + S;hy cm (T)
= T g ¥ T =0
A h+Sh,+ 5k =0
a h=—(Sh, + Sh)

B(i) Wrga #rftzT (Micro Manometer)—37¢ e, U-Fell #rHiet =1 fasfaa &9 2 o
wﬁﬁmwmwwﬂmmmmél (e 100 Tom) S fe 97 P13
3 frara T & - S g TE TN D ¢ A

m%@ﬁﬁamaﬁqaﬁm

l

ey
“The device used 1o measure very small amount of pressure at any point of a liquid is called micro-
manomeler.” i
(a) & F#f wTgE!- AT (Vertical Tube Micro-manometer) 7=
fa3 P13(2) ¥ 79, ©F WY W e Tl 7 WEH-
izt @M #1 WY # I=E 7 W Eew s VAl T 81 WY o o I w
#i g4 % 3=4 T F SRV A9 F 9 79 39 T4 fra 21 7@ ' A
firoaz, 3G & 92 9% F FRU 9gd F el ¢ 9 2 g ro
# 9l 33 AVEFA AGF 9% 9F ST 9gd1 ¢ FiE N F A3
&% 9gd 4 Pal 21 iy 3
e 7ol ARl TN @ TR § 23 #1 7@ e wE | -
I ol e— (Basin) L
L R L et %3 4
|
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h=S8,h, - S,h, cm (arf)
et h="T% % ¥ 51 = 7w (cm)
h, = mmzz%mmnaﬁm@m)

h, = MR & 27 ¥ 3 T ¥7 F I (cm)
Sy = T T8 H oMo 7o (sp. gra.)

§;= W 3 F 3o 7o (sp. gra)
(b) T A TR AR (Inclined Tube M

mﬂmmﬂﬁU—ﬁﬁm

icro-manometer)

I A (inclined) #rft & ke for farr P1.3(b) ¥ frmrar

W(unsitive)mtlmﬁtm,mﬂﬂmm
ﬂﬁ@%#ﬁﬁtﬁ@%ﬂ%ﬁgﬁmﬁﬁt! A TR F e ¥ argEm,

o Pi3p)—m o wys Atz
C(iii) *e=eff rammdt (Differential Manometer)— el zrmmdt fidt qreg & A fagall &
T-F (Difference in pressure) aveay A I X T s T FA F a3 wim f5y {4
mmﬁwu-ﬁﬁa%ﬁiﬁm:ﬂ
7 & R 3R ey o iy

T T
mﬁﬁgﬁfﬂq@ﬁ%tﬁmm— '
TR 9@ fw s 2

mmzzﬁm%mmammnne)mﬁﬂwﬁwﬁm%
AT weR firen ¥ W feufy ¥
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— -
- O

o 0 N e W N =

WA T SRe
wifrs WeA (Viva Voce)

T® AR W T T

TR TERA ¥ WeR =y e

fatve TR T e PR & W T

TI-T T W dfEW ¥ TN S|

i FR R F M B

et ot = Svam w ok W e W &2

e e s

U-7e T 3 daniie Tel @ ge W A )

TeR-Sanis = 2

U-7eht i = o A W I A @

| Seel T RS YER ¥ 9 99 9 €7
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W e 2
| R (Object) :

gt (Venturimeter) % firg firefs T (Coefficient) ¥ WH A FHN
JT&TW (Apparatus) :

l. d=giifex,

2. U-7efl TRI=mt (U-Tube manometer),

3. W9 T (measuring tank), ey Z& (piezometer tube) 9 4l (scale) WhEd,
4. RN 99 (stop watch), T &1 frafm qEE F WA

femr= (Theory) :

YRR et 3 3 w s v s (application)
TR o1 ool it ey e 2 = A A—

o . Tt s _ o oo(i)
I dgfaw e O
- O = S L R J@?ﬂ— ~4H)
(af - a3)

T 0, = it Wt
Ca= WWMW (coefficient of discharge of venturimeter)
a) = IR ¥ AW W dyva (F)?
ay = IOMR ¥ T3 (throat) T AAFA ()2
H = 30 & s a1 &2 & @9 U-Fe TR Ad g A T v s
Q.o = Al famelt = ws 35 ¥ o Twa ¥ R g T W A

m Q " HAdA (\'Olume) ...(iii)
.= HHY (time)
e (Methoa) -
L. Teyem St % wiw e % e 9 FRA (SR Al ¥ R v A v
¥

=E | e ) (W Pl

2-Wiﬁ%mm(mxmxﬁr§)%mﬂmﬁammmmﬁmtl
3. TRV ¥ At ) fe SR
4. U—ﬁmﬁﬁ%@uﬂ%mmmﬂmz@ﬂm%wml

S.W:Mﬁwwﬂaﬁa@mﬁqahmwaﬂm&mmmum
F T wh-am ¥ 3 wh



J—
TH ﬁ \
: H
Ll
& IIEY (Main pipe)
. 750 ———
P2
w
_t o Vo }— g__ .......... - _
/ |2
./ s
%3 (Throat)
Sqard YR Tl
Divergent conical pipe
fas pr1—a=am

o.mu-ﬁﬂmﬂ'mﬁaﬁs&n&ﬁwwaﬁﬁl
7.3@mmﬂuﬁwﬁwﬁiﬂﬂqﬁawmmw%ﬁﬁﬂﬁﬁmw%

Segor SAfRI
s.Qmmmqa(ii}ﬁﬁmmrwamm%%aﬂzQwahmaﬂ%ﬂ?mmhﬁm

mrmﬁwgﬂmmmm@(m)ﬁqﬁwmmﬁl

9.mqa(i)ﬁgmagﬂ%mrwcdmaﬂﬂitmaﬁztﬁqﬁaﬁﬂmmﬂﬂm
=@ & 7w f C, I 3 Taew A e ¢
i'ﬂ(bbaervaﬁon):
l.m@#mmm=......alcm3
2, il & 8 & GAEA = ... gy om’
3, gt F e T = ... G
4.%qﬂmﬁ%u&mm¢3wzﬁiw,ﬂ=h(%q-1) cm (D)

Ef h=U-7t § R & aa 4 FX,
w= 9t & fafee 9r (sp. wt.)
13.6 = IR & fafoe 9r
ﬂz—m@wﬁammﬁmmmﬁﬁﬁqﬁ%mml




wirmeE w277
fgur WFHT (Observation Table) ;

3 Tt : S S w Biv et
dMtdarlt| (R mﬁr Ut T dsweeid | e et .C %
o |¥ermwwm| marant | cm/sec et -ﬁ?-% ot]
{ sec Vem? ¢ v hem | = .[%‘_._ ]
!

YR (Result) :
TR TE C, I m .
qrEmfaat (Precautions) :

1.Wﬁﬁﬂm&aaﬂ%ﬂmwﬁmmmﬁ,ma@ﬂwmhﬁl
2.U~ﬁﬁnﬁ%ﬁﬁwwwmmmm@1ﬁﬂﬁl

3.W%ﬁﬁawﬁkﬁau-ﬁﬁ?ﬂiwm-mﬁzmaml

WE® W97 (Viva Voce)
1. Sgife fem o I 22

2. IRR = e for T s B
3. aﬁﬂtﬂaﬁaﬁwﬂqua%?

4. TR F o w1 fagr T

5. W%n&mwﬁwnmﬁﬁwﬁmmmﬁmmmi?

6. a\ﬁammﬂm%mﬁqﬁwm%?

7, %%mawg&m%mﬁwmﬁmb

8. Ay ¥ sfirmrd (convergent) T 3T9HR (divergent) T TR F = e 2



278 Wi W@ WREETH

WO W 3
T (Object) :
FOR N TOTW | TO® F A (measurement of flow) I
JTEIT (Apparatus) :
1. F0ERR,

2. U-7eft TR (U-Tube manometer),
3. W% a1 (measuring tank), WA 2YA (piezometer tube) T 1 (scale) Hfed

4. T T (stop watch), TA ® Fraf v ® W

f&I (Theory) :
Fgiier sl 3 Y W ERA TF A (application) 4

FFIER = frads TR e TN { oS €
Frafes s g
Cd= - — ...(i)
dofas a1 O

I Oy = ‘:'a"- x,f(ZgH) ...(i1)
V(@ -a3)
g, = ¥R = dafew R,
C,= Fg0urdt = fams 0% (coefficient of discharge of venturimeter)

a, = Fgierd & va W dvod (¥’
a2=iﬁﬂﬂtm(m)mm@ﬁ)’ |
&ﬂau-ﬂmwﬁmmwvﬂﬁm|

H = Fg0rd & a9 79 %3
Qm=mﬂﬁsﬁmh=ums&sﬁﬂmﬂmﬁﬁwﬁsmmﬁaﬂ%WH

3mgad (volume)
. Qs = "g (time)

. (iil)

fafe (Method) :
&Fd 9 HA| (|t il % ford waw qm Fv3

1. gy d=g0ard F ¥¥E 7 F2 F
% =g 79 & £1) (2@ fa3 P2.1)
xﬁﬁ)ﬁzﬂmﬁawmmmamtl

5 T 28t & 9 (o x 9

3. WEy-eEA § Aghad W fee #RA

4. U-ﬂ%ﬂmmaﬁqﬂmtmmmﬁmz@uﬁmﬁmﬂmu

S.W!mﬁmmﬁﬁmmﬁmaﬂﬂmﬁmmfﬂmlm
%1 gva ©I9-a @ 77 FRY
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T&A TIZY (Main pipe)

Convergent conical pipe Divergent conical pipe
fox P21 —a=gftandt

6.aan-a€«ﬁaﬁmffﬂzﬁmﬁ'&vr&vﬂﬁwwaﬁﬁal
7.mmmﬁmﬂmmmﬁmﬁammmm&ﬁﬂmﬁmw%
e SRS

8. Oy, 1T | (ii) ¥ Vw1 71 @ 3@ w@ § 3k

0,0, 1 T FA ¥ o s 5 3 v
T 1 sec ffmgquﬁwmmaqua(ﬁnﬁmmmmtl
0. ¥ () ¥ 0,

T Q. F U TWH C, T0 FQ & 5% 31 7 § feady 3 fw F Jaor
mimﬁnqmmvﬂmaﬁm&tn

T (Observation) :

2
...... a]cm
23‘3#‘11‘1\%'*331@3‘56: ...... a, cm?
3. TR fore o < z,
4.ﬁﬁmﬁ'a=mam‘q‘zmwﬁim,ﬂ=b(}i§-qcm (9rt)
w
| aﬁ;

h=U-7eft ¥ W & 76 § arm,
\ W-‘:'q'l‘ﬂaﬂﬁﬁl'!‘m(sp.wt.)
13.6 = W = fafsw wr
\ ‘\Z—W‘mﬁwﬁammaﬁzmwﬁmwﬁ%m%@w
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RGO AT (Observation Table) :
. ol P B e L .
|Za ¥R R W frwrefy it U-aeht mqt'ﬂ‘ "1"““"““ c‘w‘"—"

wo [qehm it wwfew| WO | qwerde " __ e O

do | e any Wg cm/sec m i .13_‘3 =

R i =~:-’ gxhus o -7 *(T"J « J(2gh) cm’/sec
qfton® (Result) :
WWCJEIWMWW= ,,,,,,,,,,,,,,

|rEaral (Precautions) :
1.mﬁmﬁmaﬂi%uﬁu—ﬁmmmﬁ,mﬁmﬂaﬁwﬁmhm;

émm@mmﬁﬂiﬁaﬁl

2 U-7cit & IR & T ¥ I W §H
3.M%ﬁﬁamﬁtmu—ﬂﬁ:ﬁimm—mﬁz

Hifa® 99 (Viva Voce)

1. =giitee far @m 3 &2
2.aqﬁ1ﬂummames’mé?

3. aqamaa:maaquat?
4. ﬁ&:ﬁaaﬁﬁmmmw@l
5. Jeg0dieT & yaw a9 FS W EA H
6. éﬁamaﬁ&qﬂﬁu%ﬁmﬁmmt?

7. ﬂtammwmtmﬁwmﬁmt?

8. A=gaiiey & AfwErd (convergent) T4 Fqardt (divergent) W s o gy t7

1 Aed|

?ﬂimmmmmmmé‘?
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YA WA 4
IRYT (Object) :
AR ™ (Bernoulli’s theorem) F1 T

JT&HIUT (Apparatus) :
I. 9t = e -Za,
2. "I9S Zaht (measuring tank),
3. IRV (inverted-V) SHT #3471 et =pem a1z w7 3 foo 2 3 v il e v

et (Piezometer) &t 7,
4. €Y 3=

ﬁ-‘lm (Theory) :

foret awd T4 1 F R Tl (mass) & W F0 (particles) 7% A T A @, A I

! Tt S (total energy) T FU W (total head) Tt fagal W A T 2, Fafw T T 77
FION ] S =T B @ A

T R, S w1 wogul 9i,

w 2g w 2g |
& S T (Bernouli's theorem) 1 30 W7 = fag F ¥ T Wi TR F TG 7EA
fafer (Method) :

TR 3 o 0 % ford aimareaes s faw a1 & ferarn T 21 3 e & wdiE S5 A
ﬁ%mﬁﬁmﬂmﬁmﬁﬁmaﬁﬁmmmﬁmmﬁzﬁzz:ﬁw
SR IR R S ———

1.%#}1%1%—%(ﬁam.laaaawlﬁgaa)mmﬁzmum?ﬁ%m
R T =)

,!\ /‘Wﬁ
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2. i o & 99 W 9% A

3. o U ZF ¥ v W $a § varfes A

4. 5t frh Fafesa T 1 sec ¥ WY& T&) (measuring tank)
A

¥ wefra T w1 A g cm’ I

[q=!mﬁﬂﬂ—ﬂﬂﬁﬂxiﬂﬂﬂﬁmﬂm
s.mmmwmﬂﬁﬂnuﬂiﬂr{hmﬁﬁzmﬁﬁl

6.mmmwm-ﬂmhmﬁn(§+;]mﬁﬁm$ﬁ'&l
g

7_m=hﬁvﬁﬂ?harr&.mmhwfqumaﬂzﬁz}aﬁﬁﬂ!

RO (Observations) :
G TH W FE W GIEA = 4 (cm)’

Saror anferat (Observation Table)
g :
Es E'h % t E ¢ |~le| E £3
Bleg (Be | (BflEe 788 | IS
THAHARRHHIARE AR ¢
VAR ST RN :

9 3

gftoms (Results) :
mmﬁaézﬁmmmﬂism,faam.ztw, Pl
T W B (ordinate) F 9 Ffwa A Az FAd A @ F o
forerrs el e et s T (total energy line) Tl #fE ¥ A Bliiiiiis o
mmaﬁaﬁaﬁ&mmmﬂmﬁmwmﬁ gl i

' I
I
" ) J i

|
|
! y !
! |
i ! | i
) i i

qﬁ&mwmmﬁm%rmmmmmm EEREIALE
e dfrw @ A9 3o 79 g Ta T &7 ¥ FE—
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mtﬁﬂl' (Precautions) :

|,Wmﬂmmmmmmmmw:uaﬁﬁﬁm&wﬁl
2. 78 Yafed F | T e A e ¥ for e wfen

3. 2o & w® A2 F ford gt 29 ¥ 73 qw fom e e

s w9 (Viva Voce)
1. WA WHE Y oftam aaEy)
2. T8 H Ul S fRE g3 A weffm ot
3. Toqel S Y@ @ 2
4. ool o au wegel wid F s we S
5. droindet Hferdi ¥ 7 F o vl A 2

6. e N F T T A o UF qum A @ e 1 F za 39 39 30
7. S T F Oy o )

8. M@ﬁz%ﬁwﬁﬁaﬂwmﬂmt?
9. WAl WA 1 YA TR
10. wopot ¥ wifos Wil w1 w2 i T afufa fem s
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WaRT ST 5

RV (Object) :
W F NaE ¥ T w1 q¥0 qois J@ H

JUSUT (Apparatus) :
. fafvm =@ TR 30 e W A T g QTR F e TEnd 99 @ 9 @ SR A
U-Z3a T@R (U-tube manometer) QWZ@W@QWWI
2. YT TRY & VAR # A w9 & fau yus-yee el
3. a1 fag W dSniter =@ a9 due & A

fe&r= (Theory) :
qed ¥ we Wi oy e TEw /79 9 o e—

4 ﬂvz
hf=
2gd

&, h, = wdu W 7,
f= W % ford oy o
[ = Y F =,
d= Uz4 & F™ ]

f!rﬂfMetbod):
fa7 Ps.1 ﬁmmaﬁmmﬁahﬁlmaﬂ%ﬂﬁﬁ%g@wmmt—
- T (U-Tu.uz:nmamer) Jo-FtF
e ==
&
SO -\
e\

fax ps.1
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l.ﬁmmﬂm%mma?ﬁgw*ﬁmm,

2. 7 Tt weh rew ) Pifvem o ¥ Y-t g g @ @ A @ A, s
RN F A T Fh

3. W WY R 3 T R Frafrm wmn g g am qERRET 2 2w T A s
x qfto e FHA

4.miaﬁﬁ'rﬂaﬁvzamwwmﬁaﬁmlmmwamw“mﬂlm
ﬁirth=£E“_3 BTN TR T F 9 1w v = /o A I A M T 0= WY

I sec

F FRE F AR 2|
S.S@Wﬁaﬁhaﬁﬁmwﬂ@mmﬁﬁwmﬁmﬁmmﬂM|
6.ﬁ€ﬂqﬂﬂﬁaﬂqmﬁmaﬁmt
L (Observations) :
l-mﬁmmmmmmm;

2. 99O ot et wae @ W fn—

f=0.1(1+1/35d) ... ¢ 39 % fou
f=0.005 (1 + 1/35d) ... Tt1 =Y ¥ fam
t"E?d:"tﬂg":[-‘EB'TE'H'GI(m)
3. =N A w, b= x (5 1)
ST x = SRR ¥ W T g ae § sew
TS = TErwEd ¥ W5 w1 s me

4.“@'&??@3;[&3-%-{,‘0:%‘12 3 79 A

Wo | TURIME | yduwhw | VAR | ey e | WO WO | i
Ho | TN THA U | qret wwr srare famivp=2 | ,_Q . vt | ST
WIEET t cm q cm® N t a 2d “.f
.
2
l e
M(Result):

Hﬂmmaﬁnﬁﬁﬂﬁmﬁwm%mmmwgwmzﬁml
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weile? vd SETEHed

farete (Note) :

mﬁﬂhmﬁtqwhﬁ% 2 fael o a & i e /1 T T 6 0w

- e e e e
bW =0

© PN M E e -

wWifg® W (Viva Voce)

ey ¥ ¥ iy = o R7

W wify aw e ol ¥ == oW 2

W ofy =, S9 @ @ Fe T, |2

ey A za = fafew wid wlE F W T
= it = o ¥

T 9 ® TN 8 T L7

s A off = = g &2
73z | ¥ W S 82

Y & TTEm AR WY FEE & AW TRl
mﬁmmmﬁwﬁgﬁtﬁﬁ*?ﬁm'
mﬁﬁmmmmwﬂ?ﬂt?
oy & Za F 3w I g3 Tad
unpfm%mmmm%mwé?
msﬁfﬁ'ﬁﬁaw?f%ﬁﬁaﬂ?ﬁimﬁﬁml
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WA TS 6
YT (Object) : |

T AT 3%F (Automobile brake) a0 gR)fer 1 (Hydraulic ram) ¥ %13 999 (Hydraulic
circuit) 1 AT F

JUHIUT (Apparatus) :
T SEHERE 3% a0 TR ¥ wtea

fa=r= (Principle) :
(A) ¥¥@ A% (Hydraulic Brakes)

mmﬂ%‘ﬁ;ﬁfwwtﬁfﬁﬂ—aﬁmh,mh,M(moh,Wh
mmmmﬂﬂﬁﬁmmmm*mkmmtlwﬁﬁmmN
L RERIIC R S TR C DR R e——ey

mh,mmmma&tuamtﬁuwmmﬁmtﬁﬁm.h
mﬁmmmwmwﬁmﬁﬁmmmmtl

"Hydraulic brake operates by hydraulic pressure. It is also based on Pascal's law "
o Pe.1 T TR e A % A o § g i e A D e A R
A B

m%mﬁw:@?mm%mmﬁm,hha%mmhmiw
fwnmﬁm%ﬁﬁmmwmﬁmﬁzﬁmmmtlwmﬁwm
TR i A MRt AW AT @Y

T XY F ARFM (lining) T TEd # Feww ¥ I F ARg 7w W
e o e = e

ﬁm—ﬁwﬁimﬁaﬁamtmmﬁwmm@m*'
V4 A fawg g € it

M AR T I A W §) W e v e s %
ﬁ!ﬁﬁma&mmtﬁmﬁgmﬁ:wszmﬁmwmmiwﬂwuﬁﬁn
m‘lm%fﬂwuﬁﬁaw:amwmtnmﬁﬁmﬁ:ammwmimwﬁm

‘Rimﬁmmm%mnv%mﬁq\mmilhvmhm*m
Wm%mmmaﬂmﬁtm&

_Whmﬁmmm%ﬁWMﬁmﬁmmtmmﬁm&
b mmwmi'“ﬁﬁ@ﬁ“mh‘lm@mﬁmm%mhq_m
““*‘mmﬁmtmmm{dmﬁmmtn

LTS & "W (Advantages of Hydraulic Brake)

) = R v T ww T e

(i) @EfEd T F Fr0 frod o =9 w2
i}) 39 gifir oy

(iv) §& 9=
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= fasvet
fam
LR
=
fax pe.1—adiT S
¥ (Disadvantage)
Wmmﬁﬁﬁmﬁﬁmaﬂmin
(B) ¥d@ W (Hydraulic Ram)
aﬁmmﬁﬂﬁwmﬁmm

mhwtmmwt,rﬁmﬁriwmmuﬁ
=&, T W HW GTA siftrs S8 TT TN (pump) T AT {1 FE FA-ATHTG (Wae

fagr w @ war

“Hydraulic ram is a device with whick small quantity of water can be pumped to higher levels from
the available large quantity of water of low head. It works on the principle of water hammer".

ww&mmﬁam%mﬁmaﬁmﬁmﬁm—wmaﬁmaﬁsﬁ? 3k g%
aﬁm%m:ﬂﬁm—zﬁ(dmicpﬁssum)mmmél

7= (Construction)—f=3 P6.2 ﬁ'wmhmﬁmtlmﬁg@azwaﬁamm%m
= 9 TN S YA FTE &1 Aed W § W I AeE (waste valve) V) s a1 a1 feefiad aed
(delivery valve) V,, aT€t &1 Gadl 2| feciatt area arca V, & W T arg-TA (air-vessel) TN T&d
%lwmw&?ﬁaﬁwﬁwﬁfeﬁaﬁiﬁﬁwm?r

srdhﬁr(WorkingMemod)—-mﬁwréaramﬁ@aﬁtmﬁmé‘aﬁﬁwmm
¥ i g afem B ¥aW & € 3. A Y 708 AR % @ geh feafa # g @ fored 9o 9w
awaV,#mmmawmménﬁmmﬁmaﬂm%,%waﬁmﬁ
%maﬂsﬂmﬁmzﬁ(dynamjcprcssure)mtﬁmﬂmwméﬂﬁalc—q'aaeaamm
Rﬁ%ﬂmmﬁmmmwm%ﬁmﬁmmM(walerhammenmiam
ares w3 3o <T@ T g S #) 56 4 T & o fewad e v, @ @ SR e ¢
mwma@qﬁﬁmmméammﬁw%mﬁm#maﬂaﬂmﬂ@ﬂﬁ?ﬁﬂl
mﬁmmma@meﬁﬁaﬂﬁFﬂaﬂéﬁﬁmmmm

r-hammer) w




fax po2—xitw tn

mmmmmﬁmmw(momnmm)mﬁmtamm'Vz""*'"
IRAARESI AR R kLT TE A N S v Sty

% R T A s 2 - F1 9= F0 A {0 7 e I 0 v 42 e s agw ww
T W R S @ oz g fedit 3 4 o s w5 ge o wd b

| &% T % WY (Advantages)
L. 7€ smfes Fd o & a0 9 TavE v )

2.:@%%@%@%mﬁaﬁmaﬁ!ﬁﬂﬂmﬂaﬁmm#ﬂm
H R

‘~ 3. T8 for & WiR 1 B 2
1 4-33W(movingpans)%?iﬁ%ﬁnﬂﬁmﬂM|
| 5. HFEEHR &rH (running cost) g B R)
6. TR 2 I=9 A ¥ o A @ ww B
mﬁW(Utility)—

(i) Wﬁﬁ%mwmﬁmmwﬁ(mmmma)mmtm.m
i‘naﬂmnm:mﬁw%ﬁmﬁmwﬁfv,iﬁ-ﬂwmﬁmmmmﬂﬁ
TG a T Ivee W, vEe A R o W

[ (ii]mh%mqmmkmﬁmmﬁﬂﬁwmﬁwﬂﬁmﬂ
'f ® T W g )

\ (iii) ﬁ?ﬁﬁﬂnﬂ:wuﬂuhaﬁm%ﬁmﬁﬁnﬁmmmtl
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TET (Efficiency)—5ag 3 za e o w Fofe ot 8—
(i) W9 # e _(mmmﬁmﬁﬁm (iii) % aa ;';— A

A g 2@ T € fE e # sean e - L ﬁuﬁ'm!mzsamsmmr
H
haﬁmﬁ%wﬁmt:h&mwmm(momhm%lmﬂam ‘H =

oA h W6 R 12 TN A iy R 9w v A e, wend R T 9@ @A @ 21 | l’

7= ot &1 ur fee & faw ’
Q= ¥ ¥ =Y WA (wasted water) . -
g=mmARwmRT: L
h= fEaer W (F2-Tew ¥ SW I A F, )
H-dm a3 sw et ds s ©
Q.A
VS i

.mh#%ﬁﬁrmmqﬂmwﬁaaﬁﬂn_mgﬁm e e ¢

|,

& TR B S mm(\fwa\/oce) | _ o : . ‘- f

m#ﬁmﬁmmmmb
Zam % Fe Fam fed 91 €2 |
R s F @AM EA-FA A T T T o |
BT Ch oAb ks B o b

zdrg tn fem fagm @ Fd Fa@ @2 | “ | |
7% el wam fea s 87 | o
At bi e w It o
mhﬁmﬂmﬁmmmr@mwm%’ B4
vda tn A owa fEad B 87 o SRS

© o N w dlw b -
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AT e 7
RV (Object) : ’

A TTAEA (Pelton turbine) A9 HRF Z0aF (Francis turbine) %1-fay fafis =1 ster &)
IOV (Apparatus) :

ﬁaammammmmmmmm
FATA (Study) :

ﬁmmwmmmmmmmﬁqmt—

-~ (i) YT TTATE (Pelton Turbine)—T ezt drevzraret ¥ gos =53 4 3% T TR e
& W WMo B @ o wRfn w3 sniier@R (double hemispherical) #%2 BT 30 w a

8 ¥ Hew A AR (Runner) T3 §) T, 709 A (cost iron) T I (casing) ¥
R e R w1 ) 1

) TR-3W 5233 (splashing) ¥ IFT % el B 2F-31 (b
. pee) FRILfaRa s 8t . i

WYY e W T 359 9 W (high head source) AU TN (reservoir) ¥ RS
(penstock): B TXETFH o TEAA WA & SR 48 U A # TAW B §) Ao (nozzle) A TR M
o 5, s st ¥ oftaffa @ o ) e @ T o A Iz % v Pee € e
T AR, T T zwa &1 2 P71 3w R e TR W Tm e A wa €
mi_cmWqﬁaﬁqv‘{[‘mm(purc!yimpureacﬁon)ﬁmmtltw*z“m
T3 ST o ) e e Y oA & e za % e 3, SO a7
5. FW R fadifw & e ¢ (3G o 27.2)1 I 3 fam o & w0 I F A A vt

P b




faw 2
AR RS nﬁﬂm(lmwlsiwfom)ﬂmmiﬁmaﬁﬁzﬂﬁmifma&rﬂ%m
hrﬁmmmttmmwtm«mmmm%mmﬁmmﬂ
il 1 ¥R R A @ e e 3 & R orh & o TR e e @ i v S
mﬁﬁtiizﬁmitmﬂéaimmmccﬁm%sﬁ!mﬂ?ﬂwﬁfﬁlmi’l
Faa A Fead a9 32 § fa=w & foag f93 P7.1 F IFTER & foew (smm)aﬁmm?
ofer Y viwa |

meﬂtﬁmm—ﬁmﬁzﬁwﬁmﬁﬁaﬁﬁmm?:
Mtfﬂ(@ﬁmwﬁmﬁmiﬁmﬂﬁﬁﬁﬁaﬁﬂﬁzm#m(back)WTZ'GR‘I?ﬁ?

aw ¥ fea =@ B
ﬁaﬂthﬁtﬁimmmmmm&mm%rma&msm e B qahdl
% @ 7T 100 MW 75 W 39 & Tl ¢
sl fifsm ware fafean

Z7aEA (Inward mixed flow reaction turbine)
fa=a: (radially) 99 & & 3 &= W I I (axially
#id (25 TR @ 250 WeX IF) IW YA H FAH TA (Medium quan

faa P7.3 ﬁ@mwmmmmﬁmtr
mmtmw)%mﬁhmmmﬁmmiaﬁazwﬂﬁam
ma}mmmmﬁmaﬁﬁmﬁmmtu

(spimlcasing)ﬁﬂ&amtrmmwaﬁm
sy & @ U R e e 4 g g TR W e (radiauy)mm?waﬁ:wmﬁ
qﬁtanﬁasra:sm’m(mmy)ﬁmtluﬁﬁﬂma@ﬁmmiaﬁﬁm%hﬁﬁwﬁ‘m
R
mmﬁmmﬂmmmmﬁmmmtrmmmmmm
1 2 9 T TE-SA (pressurccncrgy)mﬂ?ﬁ?lﬁtaﬁ'{"lﬁﬁﬁf(kincticcncrgy) agedt it &1
wmﬁﬁﬂumﬁm,m%mmﬁmtﬁammmﬁaﬁmtlm
m%m%mwﬂwmmtmﬁmmm“mqﬁmmmmm
ﬂﬂiﬁﬁ?ﬂf(nmhanicalencrgy)mﬁﬁ?lmﬂ,mmmﬁﬁfmme
%.mﬁmmﬁﬁ%—hﬁm%wgﬁmmil
m‘rﬁmmﬁ1somwwmmﬁwmémmsﬁmmammuﬂsn%iﬁﬂtl

) TR Q@ e feher @ 9% e WA
ﬁty)%;f‘aqmaﬁm?ﬂ%f

o0 00004







W wedn 8

JUEIUT (Apparatus) : ey
SN T (centrifugal pump) — R SRR
FETR (Study) :
mwﬁmm_mwmmmm%mmm*mmmmw
=t &) fas P ﬁmmwﬁwmwﬁ%mﬁmmﬂm.m
Wm.mmaﬁmﬂit—. ' ’

@ & AAERE F HF T AOF
2 3R @ & A 5
Mtéﬁ—-&éws:ﬁHﬁmt

azd i &1 39 TEN amtﬁmmwiaﬁmmmﬁmmﬁmmamtm&mm
mﬁwmtsﬂtmﬁmmtt

Taq1 (Construction) :

. g3 aren v, A e (impeller) g B
2.mﬂi&mm@nﬂgwm(cuing)wmqﬂﬁlammsﬂmmtl
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3. W‘"ﬁq mmﬁfmm%m ﬁﬁaﬁlm?ﬂteye}ﬂﬂg ?WW#M*Z
mﬁm(sump)ﬁ@mﬁmmmmﬁﬁmﬂﬁﬂw i (foot value
strainer) aﬂmmﬁnmm.@ﬁwq‘mqﬁmmhﬁmmm
FFE W R R

-

cAPS (U 4)

34

4. ¥ Ry, m%mﬂmmﬁﬁmmﬁam%tmmﬂﬁm
e | I P :

@ L ]

SwwWWﬁmmmmhMWmmim
SR R0,

6mmﬁﬁﬁgaﬁ\a ﬁqwﬁ: :itsﬁat‘dgﬂmit

7. mw«mﬁmmqmm ﬁsmmmﬁﬂ*‘
- W (Fault) |

- - - —

* L

1. mwaﬁtm thSmmm&ﬂnmmMiwﬂMw
PR 0 T ¥ 1 5 i e A 3 o s P 3 <y A -
| aﬁ]ﬁﬁ

T ¥ e 2, T R WA, ﬁmmﬁmtmwtmmzﬂm
w'{“‘t?'ﬁm% i

wwmmﬁqm«mmt_- T A ——
() T # v

(i1) 'éﬁ!‘ﬂi e (static head)
\ (i) & =1 aom

(iv) el o mmm |
(V) o3 % e i ot |

2 m%ﬁfwaﬂmmmmaﬁmmﬁmﬁmﬁ«mwt—
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