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answer all questions


Equipment or materials required – 
Adnoddau neu ddefnyddiau sydd eu hangen – 

i. Calculator
ii. Formulae Booklet 1 – General
iii. Formulae Booklet 2 – Convection
iv. Formulae Booklet 3 – Thermodynamics
v. Thermodynamics Tables



1. QUESTION 1 (25 marks): Heat Transfer, Conduction

A refrigerated truck has dimensions 8m x 2.5m x 2.5m. The outer skin is a sheet of steel, 1.5mm thick and the inner lining is timber, 20mm thick. In between lies a cork layer, 25 mm thick. The surface temp on the inner side is maintained at 0C and the outer skin temperature is 30C. Calculate the thermal conductivity of the cork material and the inner temperatures T2 and T3 if the total wall gain load (i.e. heat leakage) do not exceed 3.44 kW.
Knowing:	k steel = 54 W/m.C
k timber = 0.11 W/m.C

  0C





Cork
kc
Steel
ks

54 W/m.C
Timber
kt

0.11 W/m.C












30C



1.5
mm
25
mm
20
mm








2. QUESTION 2 (25 marks): Heat Transfer, Convection

Steam at 220C flows inside a pipe 53 mm in diameter and 4.5 m long. Determine the steam velocity if the rate of heat transfer is 400 W and the flow is turbulent. The pipe-wall is isothermal (i.e. temperature remains constant during the process) at 100C. For steam at 160C take , , ρ = 0.54 kg/m3 and .












3. [bookmark: _GoBack]QUESTION 3 (25 marks): Fluid Dynamics

Water is pumped up from a level A to level B, a vertical height of 11 m, through a pipe tapered in diameter from 10 cm at A to 150 mm at B. The pressure head at A is 24 m of water and at B 13.5 m. The friction loss head between A and B is 1.5 m.
a) Find the discharge at B in litres per min and tonnes per hour.
b) Find the loss of power due to friction in watts. 


4. QUESTION 4 (25 marks): Thermodynamics, Open System

Refrigerant-134a is to be cooled by water in a condenser. The refrigerant enters the condenser with a mass flow rate of 0.1 kg/s at 1 MPa and 70C and leaves at 39.37C. The cooling water enters at 300 kPa and 10C and leaves at 20C. Neglecting any pressure drops, if the heat loss from the condenser is , determine:
a. The mass flow rate of the cooling water required.
b. The heat transfer rate from the refrigerant to water.1

 
Water
T1 = 10C
P1 = 300 kPa










R-134a
T3 = 70C
P3 = 1 MPa
 kg/s

3

 [image: ]
4
R-134a
T4 = 39.37C
P4 = 1 MPa




Water
T2 = 20C




2


Notes: 
· Kinetic and potential energy changes are negligible. 
· There are no work interactions.
· Water exists as a compressed liquid at both the inlet and the exit since the temperatures at both locations are below the saturation temperature of water at 300 kPa (133.52C). You will then approximate the compressed liquid as a saturated liquid at the given temperatures.
· The refrigerant enters the condenser as a superheated vapour at 70C and leaves as a compressed liquid at 39.37C.
· You will need to use tables A-4 and A-11 through A-13.
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Analysis We take the entire heat exchanger as the system, which is a control volume. The mass and energy
balances for this steady-flow system can be expressed in the rate form as

Mass balance ( for each fluid stream):

AIR
. . . 0 (stead:
gy =Ty = Amsysm& (teady) _ \Ll
ity =iy Steam
ny =1y =i, and ity =iy =i 3
Energy balance (for the entire heat exchanger):
- - _ - 70 (steady) _ 4
Ey — Egy = AEsysmn =0 \LZ
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies

Ey= Eout
sindy + tinshy = riyhy +1inghy (since O =W = Ake = Ape = 0)

Combining the two, sitg (hy —hy )= tirg (s =y )

Solving for 7ir, :





