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QUESTION 1 [39]

The air in a conference room located at an altitude of 1400m is to be air conditioned using two
cooling coils. The air in the conference room is to be maintained at a temperature of 25°C and
a relative humidity of 40%. The temperature of the outside air is 31°C at its relative humidity
is 50%. In the system 2.25m?/s of outside air is mixed with 8m?/s of return air. The mixture
flows into the first cooling coil which has a dew point temperature of 9°C. The bypass factor
for the first coil is 50%. The mixture then flows to the second coil which has a dew point of

3°C. The dry bulb temperature of the mixture leaving the second coil is 7°C.

a) Plot the process on a psychrometric chart

b) By calculation, determine the dry bulb temperature and humidity ratio of the
mixture and check the properties on a psychrometric chart
c) By calculation, determine the temperature of the mixture leaving the first cooling

coil
d) By calculation, determine the bypass ratio of the second coil +
e) Calculate the cooling capacity of the first coil
f) Calculate the cooling capacity of the second coil
g) Calculate the room sensible heat factor

QUESTION 2 [40]

A cooling and dehumidifying coil is supplied with 2.4 m*/s of air at 29°C dry-bulb and 24°C
wet-bulb temperatures, and its cooling capacity is 52 kW. The face velocity is 2.5 m/s. and the
coil is of the direct expansion type provided with refrigerant evaporating at 7°C. The coil has
an air-side heat-transfer area of 15m? per square meter of face area per row of tubes. The ratio
of the air-side to refrigerant-side area is 14. The values of h; and hc are 2050 and 65 W/m?.K,

respectively. Calculate:
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a) The face area,

b) The enthalpy of outlet air,

¢) The wetted-surface temperatures at the air inlet, air outlet, and at the point where
the enthalpy of air is midway between its entering and leaving conditions,

d) The total surface area,

e) The number of rows of tubes, and

f) The outlet dry-bulb temperature of the air.

QUESTION 3 [25]

The following system temperatures apply to a LiBr water solution absorption refrigeration

system:

Temperature in generator 110°C
Temperature in condenser 42 °C
Temperature in evaporator i
Temperature in absorber 25°C
The refrigeration capacity 250 kW
Lithium-bromide flow 0.5kg/s

a)  Calculate the flow rates of the system
b)  Calculate all the heat transfers and COP of the system
¢)  Ifaheat exchanger is installed as shown in the sketch below, calculate the outlet

temperature from the heat exchanger of the flow of the flow to the generator from the

4f...
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heat exchanger if the COP is to be increased by 10%

QUESTION 4 [26]

In a 134 a system one evaporator is to provide 250 kW of refrigeration at -25 °C and another
evaporator is to provide 100 kW at 5 °C. The system uses two-stage compression with an
intercooler indicated on the figure underneath. The condensing temperature is 45 °C. Assume
the ideal refrigeration cycle and isentropic compression. The discharge pressure of the low
stage compressor and the suction pressure of the high stage compressor are the same as the

pressure in the +5°C evaporator.

4.1  Sketch the system on the pressure enthalpy diagram

4.2 Establish the enthalpies at all state points. For the state points after compression
isentropic compression can be assumed

4.3  Determine the mass flows of the -25°C evaporator system

4.4 Calculate the mass flow of the high stage compressor by making a heat and mass balance
about the high stage compressor and intercooler and make a sketch of the high stage
evaporator and the intercooler

4.5 Calculate the power input in both compressors.

Sy
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4.6

4.7
4.8

4.9
4.10

If we would have a system with one compressor and two evaporators with a pressure

reducing valve to maintain a high temperature in the air conditioning evaporator what

would be the absorbed power of the compressor.

Sketch the system on the ph diagram

If each evaporator would be served individually by one separate compressor with the

same condensing temperature, what would have been the mass flow through each system

and what would have been the power requirement for both compressors.

Sketch the system on the ph diagram

For which system is the power consumption lower and explain?
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FORMULA SHEET
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QUESTION 1 [10]

Name and discuss four airborne contaminants that may cause problems in both industrial and
nonindustrial indoor environments.

QUESTION 2 [19]

Outside air at 15°C, 1 bar, and 50% relative humidity enters an air-conditioning device
operating at steady state. Liquid water is injected at 7°C and a moist air stream exits with a
volumetric flow rate of 0.75 m3 /s at 35°C, 1 bar and a relative humidity of 50%. Neglecting
kinetic and potential energy effects, determine:

a. The rate water is injected, in kg/s.

b. The rate of heat transfer to the moist air, in kJ/s.

QUESTION 3 [40]

A terminal-reheat air conditioning plant located at sea-level provides air to a number of zones
in which the total sensible heat load is 300kW and the latent heat load is 100kW. In the system
6kg/s of outside air is mixed with 25kg/s of return air. The DB temperature of the outside air
is 30°C with a RH of 60%. The design condition for the controlled zones is a DB temperature
of 24°C and a relative humidity of 50%. The apparatus dew point temperature of the cooling
coil is 6°C. The temperature of the air after passing through the cooling coil is 13°C. The re-
heaters are also fitted with humidifiers:

a) Draw the process on a psychrometric chart

b) Calculate the mixture properties

¢) Calculate the cooling coil load of the cooling coil

d) Calculate the load of the heaters

e) Calculate the humidifier load

f) Calculate the rate at which water must be removed from the cooling coil.
g) Calculate the rate at which water is added to the system by the humidifiers

QUESTION 4 [12]

The following data apply to a cooling and de-humidification direct expansion type cooling coil
in which the refrigerant is maintained at a constant temperature. The following data are given:

Enthalpy of entering air = 82 kJ/kg

Temperature of wetted surface at entrance 16°C
Temperature at wetted surface at leaving side of coil 10°C
Convection coefficienth,= 60 W/m*.K

Specific heat of air mixture ¢ ,, = 1.03 kl/kg K

o opo o

Rate of heat transfer d, per unit of heat exchange area = 1200 W/m?

Calculate the approximate enthalpy of the air leaving the coil, using the mean enthalpy
difference.

3 xs
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QUESTION 5 [19]

Calculate the power requirement by the two compressors in a R-134a system which serves a
200 kW evaporator at -15°C shown in Figure 1. The system uses two stage compression with
inter cooling and flash gas. The condensing temperature is 45°C and the compression is
isentropic.
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Figure 1
a) Draw the pressure-enthalpy diagram of the system

) Calculate the intermediate pressure of the intercooler for optimum economy, which can
be calculated from equation :
i. pi:\fp‘\"pd

Pi =intercooler pressure
p, =suction pressure of low stage compressor

P

discharge pressure of high stage compressor

¢) Determine all enthalpy values /4, to &,

d) Determine the mass flow rate through the low stage compressor

e) Calculate the flow rate through the high stage compressor by means of the heat and
mass balance around the intercooler

f) Determine the power requirement of the low and high stage Compressor and the total
power for the system

g) Compare the power requirement to a single compressor system without inter-cooler

4/...
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