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MODULE CODE: M5X00406
THERMOFLUID MECHANICS
TIME:  2 HOURS
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



1. QUESTION 1 (20 marks): Heat Transfer, Conduction

An industrial furnace wall is constructed so the maximum allowable heat transfer rate is 946.2 W/m2. The furnace wall is constructed of 21.34 cm fireclay brick having k = 1.04 W/m.C. This is covered on the outer surface with a layer of insulating material having k = 0.0692 W/m.C. The innermost surface is at 982.2 C and the outermost is at 37.8 C. How thick must the insulation be?


Fireclay brick

kfb = 1.04 W/m.C

Insulation

ki = 0.0692 
W/m.C


Q = 946.2 W/m2


T1 = 982.2C

T2 = 37.8C


21.34 cm





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

Calculate the appropriate Reynolds numbers and state if the flow is laminar or turbulent for the following forced convection case:
· 0.05 kg/s of carbon dioxide gas at 400 K flowing in a 20 mm diameter pipe. For the viscosity take,



3. QUESTION 3 (25 marks): Fluid Dynamics

A tank of water is filled to a height h1. Water emerges horizontally from a small opening at a velocity v2 = 18 km/hr. The small opening is located at a height h2 on the tank’s side. Determine heights h1 and h2 for the water to hit the ground 3 m from the tank as shown in the following figure. Neglect frictions.




h1

h2 



  

d = 3 m

4. QUESTION 4 (30 marks): Thermodynamics, Steady-Flow Process

Air ( ,  ) is to be preheated by hot exhaust gases in an adiabatic cross-flow heat exchanger before it enters a furnace. Air enters the heat exchanger at 95 kPa and 20C at a rate of 0.8 m3/s. The exhaust gases () enters at 180C at a rate of 1.1 kg/s and leave at 95C. Determine the rate of heat transfer to the air and its outlet temperature.


Exhaust gases in
1.1 kg/s
180C
1





[image: ]Exhaust gases out
95C
3
Air in
95 kPa
20C
0.8 m3/s
4
Air out

2



Assumptions: 
· This is a steady-flow process since there is no change with time.
· Kinetic and potential energy changes are negligible. 
· The heat exchanger is well-insulated so that heat loss to the surrounding is negligible.
· There are no work interactions.
· Air and exhaust gases can be considered as ideal gases.
· Fluid properties are constant.
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