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270 1 (20 f1:31,1414) nrrilbaouiqu 1.91.911.9,TI1U 11E13.1Y1ff 

v, ohnItrulummi.lonntitifilLiMita.ILLYilt A i'llf1.61@ltf1411.1 

111.1/17131a 	 Vc  

vswilultavritn,vkurn1171114n-iIfriw-ifillmi-rillalusiu A lvtgilmtwofinuti-Av'tfi,lil 6111.13JM111 

WW1 1164 1000 kg/m
3 
  0 1113111 YW.091fl 3 cm

2  
laz V1  = 20 m/s, Vc  = 15 m/s 

rilvrt.tm1v't 	 u, 	uyiu, A 13,i6lNaqionlIfliv7tu LLar.11;41114,m111,iato.ntqLiiimiliiMiriii 
A  

111Ilfl@l4ii°11@,ILLY114, A 01141,11111 Steady State LLava-wiumanIzruriuwriu A v,:cinLai.mil Lyiin-14, 

6;11.1 
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7Th 2 (20 f1:1,1,W4) e@nin 

n',Ivrwi (turbine) lvtii14.1 400 W 	 Q LijoYielriffuYilqiitimind@lt (wrought 

iron) 

4111.1441  Pwater 1000 kg/m3 1.1wate,.= 0.001 kg/m.s, e = 0.045 mm 	wrough iron 

 

Water 
20* C 

20 m 

Turbine 
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10 In 
D=6cm 

     

30 m 
D=4 cm 
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2 3. (20 tl:Ln4,14) 

3.1 ilz:uun-mAilta-nruolur,lou niumni"-mukni-miv,v1-aviVinOwumanTo.riliat 

fu utinal,rtiNvimi-iarv, (d) 	 frinyinviatu (p) flT3JViral (,u ) 	 (o- ) 

(V) Lianiur-ilutiutirinln@d9i (D) 

wmingasaiigi ui ,u, V , D 1,11149i-nnJ79n (10 f):61,14,14) 

Dimensions Assodated with Common Phrlieal Quantitits 

FLT 	MLT 
System 	Srstem 

Acceleration 	 LT-2 	LT-2 

Angle 	 Per° 	Mour 
Angular arcelermilln 	 r-2 	7....2 

Angular velocity 	 T- 	T-' 
Aria 	 L2 	 LI 

Densiut 	 FL-4T2 	Aft-) 
Energ5 	 FL 	ML2T-2  
Farce 	 F 	 MLT-2' 
Frequency 	 T-' 	T-' 
Heat 	 FL 	 Mi.27-1  

Length 	 L 	 L 
Mass 	 Fr.r 	M 
Modulus of elasticity 	FL-2 	ML-1T-3  
Moment of a force 	 FL 	Mel"' 
Moment of inertia (area) 	L4 	 1.4  

Moment of inertia (mass) 	FLT2 	ML2 

Momentum 	 FT 	MLT-' 
Power 	 FLT"' 	ML2T-3  
Pressure 	 FL-2 	ML-tT-2  
Specific heat 	 L2T-20-1 	L2T-20-1  

Specific weight 	 FL-3 	ML-2T-2  
Strain 	 Per 	moor 

Stress 	 FL-2 	ML-1T-2  
Surface tension 	 FL-' 	MT-2  
Temperature 	 0 	 0 

Time 	 T 	 T 
Torque 	 FL 	ML2T-2  
Velocity 	 LT-1 	LT-' 
Viscosity (dynamic) 	 FL-2T 	ML-1T-' 
Viscosity (kinematic) 	L2T-1 	L2T'  
Volume 	 1,3 	v 
Work 	 FL 	ML27-2  
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3.2 'unr-mit,fiI-InkrA UfriaiiivatfliN Darcy friction factor (f) oluv,r1i-iiuni1 Reynolds number (Re) LL 
Relative roughness (e/D) 1:iititil@ f = g (Re, e/D) 

V . D  , 
IS16  Re =

D pV 
— 	D = Liur-ilutildrwiliimi@, V = frralliTilUTI-171:11a, V = --- = kinematic viscosity 
v .., it 	 P 

tiirmi,vmmin(frraivititql v = 0.01 m2ts)lmalltyia (D = 60 cm) fitfillueliTn: e = 0.012 cm iNE.iwnliti 

La5I ti V = 1 m/s 'Null r1LEGIM.1 60 cm lwrium 100 m 

timidtmolungvniumgartil (fraluvillm v = 0.02 m2/s) lvialuYia (D = 10 cm) iltlf17111/111IZ 0.002 cm 

f1111115-J1,0AE.1 4 m/s 

wq@ufi-gramiald.hi 
(n) atrinm-nril iltloulnetimr-11 firs-1,1;rnlIlvmftaufid'Itirlit ,,,rian-nlmalia,vii-mi'lunIn-n-lviaTung 

1, 62AUNgLj1 (5 f1Z6a4,11) 

(g1) WIP111,Mclja9la.191@fallAillY10 100 mlurn71,malialn51,9211usiffal 

2 
Tinalim, hi , = f —L —v ( 5 MLL1-1,14) 

D 2g 
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11'@ 4 (20 fir.l61414) @@niqti qI.nrrs amln 

I:111.1Yia wrought iron (roughness, g = 0.045 mm) ont-loorur-hutsurinall io 1,91144113.1917 a-nwntr,i;nLawl,147,1) 

3.1 91 7: Wi 6.9 rchrilliarrl.  1 /11.1 6.1 trth 1 tril 2 Lcvsio,r11,1951alavviralii 35°C 

h 

n. 	 1 lmallitT,Iltii 2 i'lu6'911-irryilvM 40 R911/514;111 

(Ah) 

ell. 	Ah = 35 LIM W11116'0171n11.1,vialm,ralT)nriAull 1 11.1rillui4 2 

ri-niumWC YIJIZI.JuVianlvin-relmailluum fully developed turbulent pipe flow 

alfiqtWorjri 35°C; p = 994.0 kg/m3, p = 0.720x10-3  kg/m.s 

Sharp-edge inlet 
Pipe: Wrought iron, 0 = 10 cm 

90° flanged elbow 

Globe valve 
Reentrant exit 

Q = 40 L/s 

90° flanged elbow 
Ball valve 
	 Tank 2 

Tank 1 

40 m 
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Reentrant: K, 	0.80 
(t 	D ana (" CUD) 

Sharp-edged: K, 	0.50 	 Well-rotmded (i/D > 0.2): K, 0.03 
Slightly rounded 	0.1): K,. = 0.12 
(see Fig. 8-36) 

      

      

 

V :9 	 V 1) 

 

  

/?- 

   

     

       

Reentrant: K= Sharp-edged: K. a 	 Rounded: 

 

       

       

       

       

       

!,:,7te, The 	 „ 	 ftev,ala;ned 	l':•aw„trirti 	 clevelt,,Ded 

The kinetic energy correction factor is a = 2 for fully developed larminar flow, and 

The kinetic energy correction factor is a = 1 for fully developed turbulent flow. 

: 	, 	.. 	: 	, 	,.. 	,::, , 	, 	. 	. , 	• 	,, 	„: 

90' smooth bend: 
Flanged: K, = 0.3 
Threaded: K„ = 0.9 

90' miter bend 
(without vanes): K„ = 1.1 

90' miter bend 
(with vanes): K 0  = 0.2 

45' threaded elbow: 
K L  = 0.4 

Th1 

• .:45= 

S.  

\ \ 	\ 
.* 

180" return bend: 
Flanged: K, - 0.2 
Threaded: K, 	1.5 

Tee (branch 
Flanged: 
Threaded: 

flow): 
K1 - 1.0 

K, 	2.0 

Tee (line flow): 
Flanged: 
Threaded: 

K ;  - 0.2 
K, 	- 0.9 

Threaded Uni011: 

K, - 0.08 

\\■ 
1 	, 	) 

v—fi.-- 1 	\\ 
1-- ----4,  

116116111116 

Globe valve, fully open: K, = 10 
Angle valve, fully open: K, = 5 
Ball valve, fully open: K1 = 0.05 
Swing check valve: K1  = 2 

Gate valve, fully open: K, = 0.2 

	

closed: 	K, = 0.3 

	

closed: 	K., = 2.1 

	

:3. closed: 	K, = 17 

' these one represer,tatrve values for loss co,'fficrents. AL:WI values strongly depend on tl,e des,pn and manufactare of tire comoonents and may differ from the 
girl':' values ;:or:$.drJab'y iespe.crally fcr vases). 	manufacturr's 	qio,..,11 	 the firm; rtes2n. 
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