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General instructions

1.

Rl AN el

Read all instructions carefully before answering the questions.

This question paper consists of Eight (8) questions in five (5) pages.
Answer any Five (5) questions.

All questions carry equal marks.

Answer for each question should commence from a new page.

This is a Closed Book Test (CBT).

Answers should be in clear handwriting.

Do not use red colour pen.

Relevant charts are provided.

Question 01

®

An ideal vapour compression refrigeration cycle operates between saturation
temperatures of -12°C and 40°C. The working fluid is R12. The evaporator exit is dry
saturated, and the condenser exit is saturated liquid.

Specific heat capacity of R12 in the superheated region is (.762 kJ/kgK.
Specific heat capacity of liquid R12 is 1.03 kl/kgK.
Mass flowrate of the refrigerant is 4kg/min.

a) Draw the T-S or P-h diagram for the cycle
b) Calculate the refrigeration capacity in TR,
¢) Estimate the COP

d) Calculate the compressor power



Use refrigerant properties given below

Sat. Pressure Enthalpy (k.f/kg)‘ Entropy (&J/kgK)
Temperature

(K} (bar) liguid vapour liquid vapour
-12 2.034 188.95 347.25 0.9589 1.5651
40 9.5909 239.03 368.81 1.1315 1.5459

(ii) The ideal refrigeration cycle used in part (i} is used in an actual refrigerator. It

experiences the following effects.
Refrigerant leaving the evaporator is superheated to 0°C.
Refrigerant leaving the condenser is subcooled to 30°C.

a)
b)

Question 02

Draw the T-S diagram for the actual refrigeration cycle

Estimate the COP

A vapour compression refrigeration plant uses R12 and has a condenser pressure of 10bar
and the evaporator pressure of 1.4bar. The compression is carried out isentropically in
two stages. The vapour is dry saturated on entering the LP compressor and there is no
undercooling of the condensate. Liquid inter-cooling is done at 4bar in a flash chamber.
Mass flow rate through the evaporator is 25kg/min. Refrigeration cycle is shown in Figure

Q2

Calculate the following.

a}
b)
c)
d)
€)
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temperatures at the end of LP compressor (T2)
temperature at the end of HP compressor (T4)
power of the LP and HP compressors.
the refrigeration capacity in ton of refrigeration.
coefficient of performance



You are given the following data with reference to the cycle shown in Figure Q2.

hy = hgy = 342.59 (kl/kg) Sy = $3 = Sgz = 1.5557 (kJ/kgK)
hg; = hy = hga = 356.19 (kl/kg) Sga = 1.5454 (kl/kgK)
hgs = 369.49 (ki/kg) s1 = Sg1 = 1.5715(kl/kgK)
Ty2 = 281K C, for vapour at 4bar = 0.653 kl/kgK
Tys = 315K C, for vapour at 10bar = 0.771 kl/kgK

Question 03

(i) What is enthalpy of combustion? How does it differ from the enthalpy of reaction?

(i) What is enthalpy of formation?

(iii) Calculate the enthalpy of combustion (in kI/kmol} for gaseous propane (C3Hg) at 25°C,
latm with liquid water in the products. Enthalpy of formation values are given in
below table.

Substance E‘f’ (kJ/mol)
CsHslg) -103.850
HaO(t} -285.830
CO, -393.520
(iv) Butane (C4Hio) is burned with dry air at an air-fuel ratio (on mass basis) of 20.

Assume:

Each mole of oxygen in the combustion air is accompanied with 3.76 moles of nitrogen.
The nitrogen is inert.

Combustion is complete.

(a) Write down the equation for complete combustion of Butane
(b) Calculate the theoretical Air/Fuel ratio on mass basis.

(c) Determine the percentage of excess air

(d) Find the total moles in the products of combustion.

(¢) Find the volume percentage of CO; in the product

Molecular weight of Butane (CsHio) = 58.12 kg/kmol
Molecular weight of Nitrogen (N2) = 29 kg/kmol))



Question 04

(i
(i)

(iii)

When a choice has to be made between parallel flow and counter flow arrangement for a
heat exchanger, which arrangement would you prefer? Justify your answer giving
reasons.

Draw the temperature distribution of hot and cold fluids flowing through a parallel flow
heat exchanger and define Logarithmic Mean Temperature Difference (LMTD).

In a double pipe heat exchanger hot water flows at a rate of 50,000kg/h and gets cooled
from 95°C to 65°C. At the same time 50,000kg/h of cooling water at 30°C enters the
heat exchanger. The flow conditions are such that overall heat transfer coefficient
remains constant at 2270 W/m?K. Determine the heat transfer area required and the
effectiveness of the heat exchanger. Assume two streams are in parallel flow. Assume
for both the streams Cp = 4.2kJ/kgK.

Question 05

(i)

Define Nusselt Number (Nu) and Prandtl Number (Pr} with usual notations and identify
each term.

(i) A metal plate 0.6 m in height forms the vertical wall of an oven and its surface temperature

is at a temperature of 200°C. Within the oven, air is at a temperature of 90°C and the
atmospheric pressure.

Assume following data:

Thermal conductivity air close to oven = 33 x 10°® kW/mK
Kinematic Viscosity of air=2.7 x 10° m*/s

Specific heat capacity of air = 1.005 kJ/kgK

Coefficient of cubic expansion of air=2.5 x 107 K!

For free convection the heat transfer coefficient (h) is given by,
— k m
h = 7 C(p-Gy)

C and m are constants that are found using experimental data and given in below table.

Object Flow type C m
vertical plates and | Laminar 0.59 1/4
cylinders Turbulent flow 0.13 1/3
. : Laminar 0.53 1/4
Horizontal cylinder 17 ot 013 | 13

a) Determine whether the flow is laminar or turbulent

b) Find the mean convection heat transfer coefficient

c) Calculate the heat loss rate from a unit area of the wall

For laminar flow conditions
10* < G.P. < 10°
For turbulent {flow condition
G.P. > 10°



Question 06

(@)
(i1)

Describe the various mechanisms of mass transfer.

State the Fick’s law of diffusion.

(iii) Hydrogen gas is maintained at pressures of 2.4 bar and 1 bar on opposite sides of a

plastic membrane 0.3 mm thick. The binary diffusion coefficient of hydrogen in the
plastic  is 8.6 x 10" m%/s and solubility of hydrogen in the membrane is 0.00145
kg mole/m? bar. Calculate the following, under uniform temperature conditions of 24°C

a) Molar concentrations of hydrogen at the opposite faces of the membrane
b) Molar diffusion flux of hydrogen through the membrane

Question 07

M

(i)

In relation to moist air properties briefly explain the following terms.
a) Dew point temperature
b} Wet bulb temperature

The air in a room has a dry-bulb temperature of 22°C and a wet-bulb temperature of
16°C. The total pressure of the room air is 100kPa. Calculate the following with the use
of relationships of different moist air properties. [ Note: Use given property table for
water where necessaty]

a) specific humidity,

b) relative humidity, and

¢) dew-point temperature

Question 08

&y

(i)

(ii)

Name two main types of load components that you need to estimate when sizing an air
conditioning plant.

Categorize the air conditioning plants considering the cooling method of the condenser.
Differentiate the situations where these two different types are required.

A chiller uses a water cooled condenser with a wet cooling tower, The water flow rate
is 60 kg/s and is required to cool it from 46°C to 26°C. Atmospheric air enters the
tower at 1 atm with dry- and wet-bulb temperatures of 22 °C and 16°C respectively,
and leaves at 34°C with a relative humidity of 90 percent. Using the Psychrometric
chart, find the volume flow rate of air into the cooling tower and the mass flow rate of
the tequired make up water. [ Note: Use given property table for water where
necessary]
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