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'Ques組ODS
1. Consider a solid sphere of radius R rotati且g 泊 a large body of a 

sta伊叫，旭compressi恤N開toni姐姐u泌的山wn on the right. IC V r ，旬，刊） z 
Assum皂白at the fl叫d flow is l姐姐缸 and ste吋. Assume no I I " r 

e宜ect of gravity 組d pres sure. The veloαty was found to be 

iJ = (R301 I r2)sin ee,. 
(a) Derive 白色 surfa臼 veloci勾y atθ＝ 45°. (2%) 

(b) Derive all 也e components of也e she訂 S仕ess as a func位on of 

rand e. (4%) 

(c) Derive 也e shear s仕蹦出at the rotating sphere ac的 on the 

fluid atθ＝ 45°. Please spec的F 也巴 direction ( 4%) 

( d) Derive the vorticity on the sph臼e. (4%) 

2.τ'he right figure shows the geome甘y of a rheological exp位血en!

(Stormer viscometer). A fluid lies between an out位 cylinder Ro (18.'0 

mm) and 組 inner cylinder R; (17.0 mm）.τ'he inner cylinder is rotat巴d at 

4000 rpm. A torsion meter was installed on the outer cyli且der and torque 

is 血easured to be 0.05 Nm. The length of 也e 旭ner cylinder is 36 血血－

Assu血已由at 也巴 fluid is incompressible and N ewto且an. And the viscous 

end effects 紅e negligible. No-slip condition was applied on 也e solid 

surface. 

的 Write down the s出pl証'ied Navier-Stokes equation and derive 也at

也e velocity is iJ=(C1/r+C2r）為， where C1 組d C2 are constants. 

你%）

x 

(b) Write down 也巴 boundary conditions and determine the constants, C1 and C2. (4%) 

的 Explain how. to det巴m詛巴也e fluid viscosity and calculate it. (6%) 

3. Explain the following: (10%) 

的 Nusselt numb巳r

。） A lumped-parameter system (in unsteady state heat conduction) 

( c) Decrease of the heat flux after nucleate boil旭g during pool boiling 

(d) Heat exchanger 巴宜ectiveness

（均 Stefan-Bal包mann Law (in thermal radiation) 

ω 

y 

4. An旭sulated cyl詛drical pipe with length Lis shown in也e following. Consider one-di血ensionheat 仕ansfi叮

也rough cylindrical layers, 

. 
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的 Derive the thermal resistance of the pipe.(7%) 

(b）血d the critical radius of ins咖

The 扭且er radius of the pipe: r1 

The outer radius of the pipe: r2 

The outer radius of th巴 insulation: r3 

The thermal conductiv峙。f the pipe: k1 

The thermal conductivity of the insulation material: k2 

τ'he temp巴rature of inner wall of the pipe: T 1 

The tempera個re of out巴r wall of也e pipe: Tz 

The temperature of outer surface of也e 泊sulation: T 3 

The temperature 旭side 也ep恥： Tro,1 T.叫

The tempera他re outside 也e insulation: T ro,2 

Theh巴at transfer coefficient at inner surface of the p恥： h1

τ'he heat transfer coe伍cient at outer surfac巳 of也e insulation: hz 

hi 
·T, 

5. Two l訂geta且ks contain a mi五個re ofN2組d 02, but at di丘·erent concentrations. Ta且kA has 80 mole per臼nt

Nz and 20 mole percent 02, W趾le Tank B has 15 mole percent Nz 個d 85 血。le percent 02. The volumes of 

Tank A and Tank B are 20 個d40m2, re恥的ely. A tube with a Ieng曲的岫and an 泊side di祖巴t巴r of 

0.10 m connects the two tanks. Assume that the pressure is 1 a回 and the temperature is 話。c.

令） By using the differential con加1-volum巳 conee阱， derive the general expression for the flux of Nz 

betwee且也e two tanks as a function of也e partial pressure of Nz. List all 白色 assumptions you made to 

obta扭曲eN2 宜.UX. (12%) 

(b) The di組1sion co巳血cient of Nz 旭 02 is 2.0x10-5 m2/s at the given conditions. Calculat巳伽叫巴 ofN2

diffusion betwee且也巴 t個ks. (4%) 

(c) By the use of the “film concept’, for mass transfi仗， find the convective mass-transfi巴r co巴血cient. ( 4 % ) 

6. 的 In an adiabatic saturator shown below, a liq副 was sprayed into a stream of gas. The input 阱， with an 

initial humidity OF and temperature T, was cooled and get equilibrium wi也出巴 liquid. Th巴巴芷江

temperatures of liquid and gas are all Ts (termed as adiabatic saturation temperature) and the humidity of 

the leaving gas becomes saturated （諸）. The remaining liquid was recir叫ated to the spray r岫le﹒ Please

derive the following equation 仰）

莖二笠＿S_
T-T， λs 

Where 
Cs: humid heat capacity 
A.: latent heat of water at Ts 
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(b) If 也e tempera個res of也E旭.put （ηand output (Ts) gases can be measur巳d, how to measure the humidity 

and web-bulb temperature of 也巴 i且.put gas by humidity chart? Drawing a simple figure to describe 

your answer. (7%) 

7. A gas stre咽 contains 50% （垣 mole percent) a臼tone and 50% air. 

τ'he acetone is to be removed by adsorption 旭to a nonvolatile o且．

The ent巴ri且g oil contains 1 % acetone.τ'he equ包ibrium relations凶p

of acetone concentration 詛 the air (y) and oil (x) is y = 2x. If one 

would like to remove 96% of the acetone fro且也e entering gas, what 

is the min旭um flow rat巴 of the entering oil (La) per 100 mole of 

entering gas? What 扭曲e number of ideal stages required 扭曲is

condition? (10%) 

G咽。“‘色閥
混

Oil in (La) 
Xa＝脅，。1

a 

A甜甜ne: I b 
YJ,=0.5 
可屯＝ 100 

G盟軍




