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INSTRUCTION: Answer ALL questions.

Please use the answer booklet provided.

Quesation 1
Answer the questions below:

a) Sketch and label schematic of a shell and tube evaporators. Explain THREE (3) methods
to increase the overall heat transfer coefficient in these evaporators

(2 marks)

b) Explain the design steps of a heat exchanger using the effectiveness-NTU method.
Discuss TWQ (2) assumptions and ONE (1) limitations of this method.

(2 marks)
¢) This question is on the evaporation of g refrigerant in a tube:
i.  Describe the different modes of evaporation In this type of evaporator
(1 marks)
ii. Specify briefly the possible impact of lubricating oil on heat transfer
(1 marks)

Question 2

You are required to select a heat exchanger technology for cooling by a circult of river water.
The heat exchange is between a secondary circuit (pure water at 20 °C) and a primary
cireuit (river water at 5 °C)

Evaluate FIVE (5)advantages and FIVE (5) disadvantages of two technologles for thig
application from the selection table:
a) Plate heat exchanger with gasket

{2 marks)

b) Shell and tube heat exchanger
(2 marks)
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Question 3

CONFIDENTIAL

This question concern a dry expansion evaporator that uses R134a (average saturation
temperature of § °C).The evaporatar has 100 tubes with internal diameter of 7.3 mm and

length of 2.3 m. Answer the questions below;

a) The superheated refrigerant zone in the @vaporator occupy 10% of the heat transfer
surface grea of the evaporator, Calculate the mass of superheated refrigerant in this

evaporator

(1 mark)

b) The two-phase refrigerant in the evaporator occupy 90 % of the heat transfer surface area
of the evaporator. 50 % of heat transfer area has the average vapour fraction of 50% while
another 40 % of heat transfer area has the average vapour fraction of 80 %. Calculate:

I.  The average void fraction in these two-phase regions and the average density of the
liquid and vapor mixture in these two-phase regions

(1 mark)

ii.  The mass of R134a in the two-phase region and the total mass in both zones ( you
may assume the volume of collectors is negligible)

(1 mark)
The physical properties of R 134a are avallable In Table Q3:
Table Q3: Properties of R-134a
Temperature | Quallty Pressure | Specifie | Enthalpy | Dynamic | Thermal
c) {MPa) volume | (kJ/kg) vigcosity | Conductivity
(m*/kg) (Pa s) (W/m K)
5.000 0.0 0.3497 11278 | 206.8 254.4 0.08980
5,000 1.0 0.3497 171718 | 401.5 10.94 0.01195
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Question 4

It is intended to design an evaporator (heat exchanger) for & cold room using tubes. This
heat exchanger operates as an evaporator with re-circulation. The conditions of refrigerant at
the inlet can be regarded as a saturated liquid and the refrigerant leaves as liquid and
vapour mixture.

The choice of the designer in this exercise is limited to the choice of circuit (the connection
between heat exchanger tubes which determines the number and length of refrigerant
circuits in this heat exchanger).

Two scenarios (Table Q4) are considered, each characterized by a distinct pattern of
connection and thus by a heat exchange coefficient in evaporation (refrigerant side) and a
pressure drop across the evaporator (refrigerant side). The pressure drop was translated to
variation in saturation temperature to facilitate the calculation.

Table Q4: Heat transfer coefficient and temperature drop at refrigerant side

Coefficient of internal heat Variation in saturation temperature in Kelvin |
transfer coefficient associated with the pressure drop across the
(refrigerant side) in W/im*K evaporator for 1 meter length tube

Scenario 1 800 W/m* K 05K

‘Scenario 2 2500 W/m? K 206

QOther information on the tubes are:

- Internal diameter of tube = 8.52 mm

- External diameter of tube = 9.62 mm

- Air side heat transfer coefficient is 23 W/m?K

The temperatures of the fluids are:

- Inlet air temperature: -20 ° C

- Qutlet air temperature: 25 ° C

- Qutlet refrigerant temperature (saturated liquid-vapour state): -30 ° C
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Answaer the following questions;

a)

b)

Evaluate the overall heat transfer cosfficient of the tubes in the two scenarios in Table
Q4
(1 marks)

Calculate the log mean logarithmic temperature difference between the refrigerant and
air for two scenarios in Table Q4. You need to assume that this Is a counter flow heat
gxchanger

(1 marks)

Calculate the heat transfer rate for 1 meter length tube of these two scenarios

(1 marks)

It is proposed to add fins on the outer surface of tube. The properties of the fins are as

below:

- Annular aluminium fins with external diameter = 20 mm, thickness of 1 mm and 2 mm
spage between fing

- Thermal conductivity of aluminium is 170 W/mK

Calculate the heat transfer rate for 1 meter length tube of these two scenarios
(4 marka)

END OF QUESTION
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