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1. 	 (5/100) What is the different between solid and fluid? From the mechanicalC7J~) point of 

VIew. 

2. 	 (5/1 00) What is the no-slip condition? What causes it? 

3. 	 (5/100) g~~ffi§JtEY§5frtiM~frtl}]cpf~m Bernoulli jJfJl~B~ , &\~~5WiJE.B~[Q:rfjff*{4~1OJ ? 

4. 	 (5/1 00) ~Jt1te ~J.l~ ( velocity potential ) Wmt~i~ ( stream function) ~finxt~BF.I 
~flr)m a"J AE~ 0 

5. 	 (5/100) ~Jt~BF.lf6J~~ material(particie, substantial) derivative ? ~~xt~16J ? 

6. 	 (15/100) A pitot tube is inserted in an air flow (at STP) to measure the flow speed. The tube is 

inserted so that it points upstream into the flow and the pressure sensed by the tube is the 

stagnation pressure. The static pressure is measured at the same location in the flow, using a 

wall pressure tap. If the pressure difference is 30 mm of mercury, determine the flow speed. 

Air flow ---..... 

_t 
30mm 
-t 

MerCUry/ 

!!. + ~ + gz = constant 

[t:f7r>] : P , SGHg=13.6 


7. 	 (15/100) Air flows steadily at low speed through a horizontal nozzle (by definition a device for 

accelerating a flow), discharging to atmosphere. The area at the nozzle inlet is 0.1 m2• At the 

nozzle exit, the area is 0.02 m2 
• Determine the gage pressure required at the nozzle inlet to 

produce an outlet speed of 50 m/s. 
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1 
P2 == PatmCDJ 	 .1--. l'2 ;::: 50 m/s

I- Streamline. ~ 	 2A2 == 0.02 m
A) =0.1 m21 	 II 

I 

PI Vf . [>2 V2 - + 2" +gZl = - + ....l. + gZ2
[ti~]: p 	 p 2 VIAl = V2A 2 

8. 	 (15/100) Consider the steady flow in a water pipe joint shown in the diagram. The areas are: 

A1=0.2 m2, A2 =0.2 m2, and A3=0.15 m2. In addition, fluid is lost out of a hole at (4) estimated 

at a rate ofO.l m3/s. The average speeds at sections (1) and (3) are V1=5 mls and V3=12 mis, 

respectively. Find the velocity at section (2) . 

,. 
I 

r'0 =300 ®____ L __ _ 

Hints: (1)~t~ CV ' (2)JE~~@{rrm ' (3)fYHt/~:m~'tfl1Jflf:r\*ffl~L 0 

9. 	 (15/100) Water from a stationary nozzle strikes(m.) a flat plate as shown. The water leaves 

the nozzle at 15 m/s; the nozzle area is 0.01 m2. Assuming the water is directed normal to the 

plate, and flows along the plate, determine the horizontal force you need to resist to hold it in 

place. 

.--- Plate 

1~~:J--. 
YL 1

"Nozzle 
xrJjib[iJ/G : 
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lh x 
o. (b) CV II *~~ :(a) CV I : 


oo1t/ffiIJj1~I}]';"vt&:1Jf~~*~~~ 
0 

10. 	 (151100) Consider the flow field given by \jI=ax2+ay2, where a=3 S-l. Show that the flow lS 

irrotational. Determine the velocity potential for this flow. 

Hints: 

A 

j j Ii 
1 (1 (J i:J~~ 	x V =-­

2 2 ,:f'f (I)' ilz 

U v w 

l('cIW fIV)" l(ilU riM')': 1 ((IV ftE.') " =--.---i+--. --. J+. -. --. k
2. II)' . 2, (lZ .IX 1. ,IX oJY,lrrotation v X' \ = 0 and 

ar/J ;.11/1 
u=- l) = 


il.\'
Stream function . rl 
\, 

i:J$ (Jq, 
ll=­ 11=- W= 

[Ix ayVelocity potential 

Approximate Pbyskal Prup!!rties ,,( Sum!! COll1lnun {;til1S at Standard Atmmpberic Prl!s.~Url! (SI Unit~), 
Spedfic Dynllmic Kinematic (;115 

J)clllilt~·, Weight, Viscosity, Viseosity, Constant,' Spreific 
1\)mperatul'l1 p 'Y P- R IImt Ralio,"" Gas ("C) (kg/m' ) (lIi/mJ) (N • s/ml) (ml/s) tJ/kg 'K) Ii: 

Air (slundardl 15 L:!.H + (j 1.20 E + 1 l.7'1E-5 1.46 E ­ :) 2.X69E + 2 lAO 
Carbon di"xid~ 20 1.83 E + () L80E + I 1.41 E - 5 8.03E - 6 1.889 E + 2 1.30 

Helium 20 1.66 Ii ­ 1 1.(,3 E + 0 U).IE-5 J 15E ­ 4 2.017 E + 3 ).6(, 

Hydrogen 2() 8.JS E 2 8.22£ ­ 1 !l.84 £ - 6 LOS E - 4 4.124 E -+ 3 1.41 

Melbal1~ (nalural gas) 20 6J>7 E - 1 6.54E + 0 1.10 E - 5 1.65 E - 5 5.lln E +:2 131 
Nitrogen 20 1.16E + 0 1.14E+1 1.76 E - 5 1.52 E - 5 2.968 E + 2 lAO 

OXY!!CII 20 1.33E + 0 DOE + I 2.().I E - 5 1.53 E - 5 2598 E + 2 1.40 

Approximate "h).leu) l'n'1wrtll'S ..r Some Cotllllll>n Jj'luid. (51 Unit<) 

Specific DynamIc Klllt'nlalic Surface Vapor Bulk 

Liquid 
Temperature 

1°C, 

Density. 
p 

(kg/m~) 

Wdght.,. 
(k:"i/m', 

Vlo;wlilty. 
P. 

(N' slm:) 

Viscosily. 
I' 

(m2/s) 
.- ­ ...--.. 

Ten,lon." 
tT 

(N/IU) 

PrYiIlIlU't\ 

1~/rnf(ab5IJ 
1'.1odulu...... 

E. 
(N/ro'l 

Carbon let,,,,,hlori,k 20 l.:wn 15.(} '1.5l1E -" 6.03£-7 2.69E ­ 2 U E+4 1.31 E + ') 
Ethyl ak"h<>1 2ll 789 7,74 1.1'11' -:J. 1.51 E ­ (, 2.21! E ­ 2 5,9 E .,. ,~ 1.06 E + I) 

Gasoline'· 15.6 680 6.67 3.1 E - 4 4.6 E 7 2.2 E-2 5.5 E+4 1.3 E+9 
Glycerin 2() 1,26(J 12..1 1.50E+0 1.19E J 6.33 E - 2 1..1 E-2 4.52 E + II 
MCf(11ry 20 13.600 LlJ 1.:S71; 3 1.15 E ­ 7 4.66E ­ I 1.6 E 2.8:5 E + Hl 
SAE 30 "il' 15.6 911 11.95 3.8 F.-I 4.2 E-4 3.6 /.;-2 15 E+'1 
Seawater 15.6 I,03(} \(), I 1.20 Ii - 3 1.17 E - (, 7.J.! E - 2. 1.71 E + 3 2.3.\ E + <) 

Waler 15.6 999 9.81) 1.12E - 3 L12E Ii 1.34 E - 2 1.77 E + 3 2.ISE+9 


