UNIVERSITY OF TECHNOLOGY, JAMAICA
SCHOOL OF ENGINEERING

SEMESTER I – FINAL EXAMINATION

DATE:
DECEMBER 2005 


DURATION:

2 HOURS
GROUP:
B. ENG. CHE – 3




MODULE NAME:
UNIT OPERATIONS IV
MODULE CODE:
CHE3004
INSTRUCTIONS: 


1. Answer all QUESTIONS IN both sectionS “a” and “b”
2. EACH QUESTION MUST START ON A NEW PAGE.

3. LEAVE TWO LINES BETWEEN PARTS OF A QUESTION

4. SHOW CLEARLY ALL EQUATIONS USED FOR CALCULATIONS

5. NUMBER ANSWERS IDENTICALLY TO THE QUESTION BEING ANSWERED

6. READ THE QUESTION COMPLETELY BEFORE ANSWERING 

7. THE MAXIMUM POSSIBLE MARKS ARE INDICATED AT THE END OF THE QUESTION OR SECTION

SECTION A (10 marks)
Circle the letter corresponding to the correct response for 1 mark each

1. To what problem in electrical circuits is the addition of thermal resistance analogous?
a. Addition of resistances in series
b. Addition of resistances in parallel

c. Wheatstone bridge analysis

d. Addition of Potential difference in parallel

2. Calculate the heat loss per square metre of surface through a brick wall 50.0 cm thick if the inner surface is at a temperature of 400.0 K while the outside is at 300.0 K, using 0.70 Wm-1K-1 for the thermal conductivity of the brick.
a. 0.1400 W m-2
b. 70.000 W m-2
c. 700.00 W m-2
d. 140.00 W m-2
3. The differences in value of the logarithmic mean temperature difference between a parallel and countercurrent flow heat exchanger expresses:
a. The thermal disadvantages between parallel and countercurrent apparatus.

b. The gain temperature efficiency in the heat transfer process.

c. The relationship between cold and hot flows.

d. The value of temperature needed to make the heat transfer process a reality.

4. When radiation is incident on a surface its reflectivity is determined by: 
a. The fraction of irradiation absorbed by the surface.

b. The fraction of irradiation transmitted through the surface.

c. The fraction of irradiation reflected by the surface.

d. The fraction of irradiation enhanced by the surface.

5. The heat transfer effectiveness of a heat exchanger is given by:
a. The ratio of actual heat transfer rate to maximum possible heat transfer rate
b. The ratio of maximum possible heat transfer to actual heat transfer rate and efficiency

c. The ratio of LMTD efficiency to maximum possible heat conversion efficiency

d. The ratio heat transfer efficiency to maximum possible heat interchange rate

6. The Leidenfrost point is the point on a typical boiling curve where:
a. The ratio of bubble collapse to bubble formation is constant
b. The point where the heat flux reaches a minimum
c. The point where the heat flux reaches a maximum
d. The ratio of the heat flux to excess temperature is constant

7. The LMTD correction factor is used principally for:
a. Parallel flow heat exchangers

b. Counter current flow heat exchangers

c. Crossflow heat exchangers

d. All types of heat exchangers

8. The Raleigh number is a product ot the following numbers:
a. Prandtl and Nusselt

b. Nusselt and Grashof

c. Grashof and Reynolds

d. Prandtl and Grashof 

9. A fluid flow is said to be natural or forced depending on
a. The direction of the flow of the heating fluid

b. How the fluid motion is initiated

c. The direction of the flow of the cooling fluid

d. The extent of the temperature gradient

10. The properties of water at the saturation temperature of 100.0 oC are

a. µ = 0.256 x 10-3 kg m s-1, pr = 1.55 & Cpl =3217 J kg-1 oC-1
b. µ = 0.282 x 10-3 kg m s-1, pr = 1.75 & Cpl =4217 J kg-1 oC-1
c. µ = 0.292 x 10-3 kg m s-1, pr = 1.55 & Cpl =2217 J kg-1 oC-1
d. µ = 3.282 x 10-3 kg m s-1, pr = 2.75 & Cpl =1217 J kg-1 oC-1
SECTION B (5 marks)
Check (√) the appropriate box to state whether the following are true or false:

11. The difference between single and multiple effect evaporators lies in the overall size of the evaporators

True




False


12.  In drop wise condensation the drops cover the surface thus developing a temperature gradient in the film and a resistance to heat transfer

True




False

 
13. In a multipass heat exchanger the fluids in the tube and shell flow co-currently in some of the passes and countercurrently in others.

True




False


14. One advantage of plate-type heat exchangers is that it has a good self cleaning effect even at variable flow rates. 

True




False


15. The heat loss through thermal resistances in series is proportional to the temperature difference across a slab. 

True




False


SECTION C (85 marks)
16. 
Unused engine oil at 100.0 oC in a shell-and-tube heat exchanger is used to heat 2.0 kg s-1 of air from 20.0 to 80.0 oC. The oil makes six tube passes and the air makes one shell pass. If the oil flows at 3.0 kg s-1 what would be the area requirement for a heat exchanger for which U = 200.0 W m-2 oC-1?

[24 marks]

17. Consider a 0.6 m x 0.6m, thin square plate in a room at 30.0 oC. One side of the plate is maintained at 90.0 oC while the other side is insulated. Calculate the rate of heat transfer from the plate by natural convection if it is placed:
a. Vertically with the hot surface facing the left.  
[25 marks]
b. Horizontally with the hot surface facing upward.

[21 marks]
c. Horizontally with the hot surface facing downward

[15 marks]
*****END OF PAPER*****
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using Petukhov’s equation for friction factor in smooth tubes 
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for 104
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Flat Plate with laminar flow  Re< 5 x 105
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0.6≤Pr≤60.0 & 5 x 105≤ Re≤ 107
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