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1. Please brie.fly describe an experimental procedure to determìne the viscosity of an unknown fluid 

using a reference fluid with known viscosity, a capillary tube, and a timer. (7%) 

(Hint: Deriving an equation is needed. Based on it, the viscosity of an unknown fl uid can be 
determined.) 

2. Consider a vertical wire-coating process as shown below, in which the cylindrical rod is being moved 

with a velocity V. The rod ìs at the center of the cylindrical die. Tbe fl uid filling the spa臼 between the 

rod and the inner cylinder wall has density p and viscosity μ. Assume the flow is laminar and steady. 
No-slip ∞ndition is applied on the surface of the cylinder and rod. 

(a) Derive the differe叫a1 momentum balance in the z direction. (6%) 

(b) Derive the fl uid ve10city distribution in the space between the rod and the inner cylinder wa1J . 
(7%) 

(c) Derive the shear stress acting on the surface of the rod. (5%) 
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where the shear stress cornponents 

=一[刮子)+;若l
Í- zB = T為 =佇+;若]

(背面仍有題 日 ，請繼續作答)
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3. Write down the descriptioD, definition or expression for the fo Ilowing: 

(a) Newton 's law of cooling (or the Newto n rate equation). (2%) 

(b) Nusselt number. (2%) 

(c) Heat exchanger effectiveness. (2%) 

(d) Economy of an evapo削or. (2%) 

(e) Stefan-Boltzmann law for energy cmitted from a black su rface . (2%) 
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4. A thin slab is subjected to microwave radia tion that causes volumetric hea ting to v位y according to: 

q(X) =q+-(~r] 
where qo has a constan t value of 40 kW/mJ

. The thickness of the slab , L, is 0.1 2 m and its thermal 

conductivity, k, is 0.6 W/(m.K). The boundary at x=L is perfectly insulated, while, at x=O, the 
temperature To is maintained at 300 K. 

(a) Determme an expression for T(x) in terms of x, L, k，的 and To. (11 %) 

(b) Where will the maximum lemperature occur in the slab? (2%) 

(c) What is the value of T川

5. A 3 m血 diameter air bubb!e is introduced into pure water from the bottom of a container of depth 0.5 

m. Assume it rises at the terminal ve!ocity vt and the water temperature is 200C. The viscosity of 

water at 2伊C is 1 cp. 

(a) Estimate the terminal velocity v
t

. (5%) 

(b) Estimate the amount of oxygen absorbed by water from the single bubble. It is assumed that the 

pressure inside the bubble is 1 almosphere. Henry 's constant (H) of oxygen in water and the diffusion 

coefficient (01..) of oxygen in water at 200C are given as follows (8%) 

H = 40100 atm , DL = 2.08 x l0-Y m2 
/ s 

ln addition, the mass transfer coe缸i cient k can be estimated by 

where D is the diame ter of air bubble. 

'---一-一--_. . _-←

http:pff~JtJ.lU


編號 87 國立成功大學一00學年度碩士班招生考試試題 共 牛頁 ， 第 3頁

丟失所組別:化學工程學系甲組

考試科目: 單元操作與輸送現象 考試日期 : 0219 '節次 1 

※考生請注意:本欄 |啊口不可使用計算機

ι』自

許﹒

z 
山

g υ k υ 

CZ 口E 

。 .1
10 

---一 --﹒-一

/ 岫:1: :蜘 (G9 1心\//
>

Standard drag Curve 

10 1 - -;03 
REYNOLDS NUMEE R.Re 

FIG. Dn\~ coefficient for buhhlE's in w且te r.

Stantlu rd dl 丸只 CUf\ 'e i, for rigicl sphcres 

4 
10 

6. A solid sphere of substance A is suspended in a liquid B in which it is sli巫山 solu ble ， and wi出 which

it undergoes a first-order chemical reaction with rate constant k
1
, i.e ., R

A 
=一kICA ， where C

A 
is 

the rnolar concentration of A in lhe liquid . At steady state, the diffusion is exactly balanced by the 

chemical reaction. To simplify th巳 analysis ， it is assumed that the bulk Dow induced by the di宜l1SlO n

process can be neglected . 

(a) Derive the governing equation and appropriate boundary condi tions for species A lO describe the 

di宜usion-reaction process in the liquid phase. State your symbols and assumptions clearly. (4%) 

(b) Solve the above equation to get the concentration profile of A. (8%) 

The following information may be usefu l. 

2__11. 1""'11 _ _ _ 1 _:! _ 2_ r\ C, ax C The solution to the differential equation x ly 斗 2xy '-a" x l y = 0 is y = .:::.L e"x + '-'2 e-阻
x x 

The solution to 出e diffe r叫ia l equation 叭.' "+ 2xy '+仇2y =Ois y = EL Cos ax +已sm ax
x x 

1門

Equation of Continuity of Species A CD. 一
一ι~ + v • n , = r. or .... A "A 笠主+\7 ﹒ N . = 1之

δl 片片ι[ 

Laplacian of a scalar s 佇2S) = 王三 l 戶-竺 ) +τ4-4 lm4) + ?土7至2
4σr\ σrj r< sin9d tJ \ d tJ j r i. sini. (j aφ4 

1. Nitrogen is used in a packed column Lo strip S02 from water. The entering water contains 0.4 mol% 

S02 and a 90% rernovaJ of S02 Ìs desired. The liquid flow rate is 10 mo l!s and the cross-sectional area 

(背面仍有趣日，請繼續作答
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of the col um且 is 5 m2
. The equilibrium relationship rnay be taken as Ye = 10恥， where Xe and ye denote 

the equilibrium mole fraction in liqu id and gas respectivel y. 

(a) What is the di旺erence between absorption and st ripping? (2%) 

(b) What is the minimum gas flow rate (Gmin) required fo r achieving the desired stripping? (4%) 

(c) If G (gas flow rate) = 1.2Gmin, what is the mole fraction of 802 in the outlet l1itrogen? (3%) 

(d) Using the gas rate G from part (c) and knowing that the individual phase mass transfer coe宜ïcients

are constant values of kxa = 0.03 mol!m3s and kya = 0.01 mol/mJs for this system, calculate the overall 

height of a transfer units, Hoy, for the column. (3 %) 

(e) What would be the overall height of packing required for the desired separation using the gas flow 

rate from part(c). (5 %) 

(t) At the point in the colurnn where the liquid phase mole fraction is 0.0015 in the bulk, what are the 

interfacial gas and liquid mole fractions? (5 %) 

(g) If there is a novel column packing claimed a reduction in the operation cost by increasing the 

interfacial S02 concentratioD in the nitrogen relative to the water, would you consider the packing as a 

superior separatioD material? Why or why not? (3%) 


