
~ 1G~..L*.l~#*4..L*.I 1),-1f+ E3 : ff.Jl!JJt~~"'M~1f
J)11· ~ ~ A ~Jl 

it~ a:jtJJ : 3 A 10 a (JI.JtJJ a) ~ 1 iP *1~~# 4 J\..~, 3 J{ 


m; -t~ ..#. u... ~j;.......:i1;,. • 

.lIIL i1.J.'\i 7't /..~ ..,.J.'\i -"7 .::t:.. i1~ I.:I- I~ •* * * * §.-= ~-\: ~!i~ 

(a)"iif tA~* l;ittt .J-#'t~ AJZ~~1i .:r..~11: $ 0 

(b)~es~~-t-+~ 3 ~1t;f~Ii("iiftAm~a*) 0 *~tt1tjt7F-t-~t<.~~;fA--'i ' llp19!j~m.t. 

JZ.Ii'R-t-M*~4(~~~~Ii~.**~)~"iif~~1t° 

1. At steady state the temperature profiles in a laminated systeln appear thus: 
Which material has the higher thermal conductivity? Explain why? (10 points) 

Material I Material 11 

Distance­

2. The depth in the soil of the earth at which freezing temperatures penetrate is often 
of importance in agriculture and construction. On a certain fall day, the temperature 
in the earth is constant at 15.6 °e to a depth of several meters. A cold wave 
suddenly reduces the air temperature from 15.6 to -17.8 °e. The convective 
coefficient above the soil is 11.36 Whn2 • K. The soil properties can be assumed as 
0. = 4.65* 10-7 m2/s and k = 0.865 W/meK. (30 points) 
(a) What is the surface temperature after 5 hours? 
(b) To what depth in the soil will the freezing temperature of 0 °C penetrate in 5 

hours? (Hint: refer to Figure 1) 
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3. (a) Derive the following equation for a lalninar Newtonian flow in a circular pipe: 


(Hint: make a shell momentum balance inside a pipe) 	 (20 points) 

(b) A small capillary with an inside diameter of 2.22 x 10-3m and a length 0.317 m 
is being used to continuously measure the flow rate of a liquid having a density of 
875 kg/m3 and J..1(viscosity) = 1.13 x 10-3 Pa' s. The pressure-drop reading across the 
capillary during flow is 0.0655 m water (density 996 kg/m3)_ What is the flow rate 
in m3/s if end-effect corrections are neglected? (10 points) 
(Given: Pa = N/m2, N = kg-m/s2, g = 9.8 m/s2) 

4. A single-stage extraction is performed in which 400 kg of a solution containing 35 
wt % acetic acid in water is contacted with 400 kg of pure isopropyl ether. 
(a) Calculate the amounts and compositions of the extract and raffinate layers. 
(b) What percent of the acetic acid is removed? 	 (30 points) 
(Hint: use the following equilibrium data) 

A.3-24 	 Acetic Acid-Wutel'-lsopropyl Ether Systenl, Liquid-Li(IUid 

Equilibria at 293 K or 20°C 


Willer Layer (JVl (r,:,) 	 Isopropyl Ether Layer (WI <Xl) 

Acetic Isopropyl bwpropyl 

Acid HittleI' Elher Acetic Add Warer Ether 


0 98.8 1.2 0 0.6 99.4 

0.69 98..1 1.2 0.18 0.5 99.3 

1.41 97.1 1.5 0.37 0.7 98.9 

2.89 95.5 1.6 0.79 O)~ 98.4 

6.42 91.7 1.9 L93 1.0 97.1 

13.30 84.4 2.3 4.82 1.9 93.3 

25.50 71.1 3.4 11.40 3.9 84.7 

36.70 -89)t. 4.4 21.60 6.9 71.5 

44.30 45.1 10.6 31.10 10.8 58.1 
46.40 37.1 16.5 36.20 15.1 48.7 
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