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THERMOFLUID MECHANICS
M5X00406
EXAMINATION 2015-16
SOLUTIONS


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




SOLUTION:


Where  and  is the overall heat transfer coefficient,







(5 marks)
Therefore,









(15 marks)
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,



SOLUTION:


Using the mass flow rate  and area , one can determine the product of the density by the velocity.

Indeed from continuity equation,

    and       therefore






(10 marks)

The dynamic viscosity is,




(5 marks)

Hence,





The Reynolds number being greater than 2300 the flow is turbulent.
(10 marks)




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.

1

2




h1

h2 
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  x 


d = 3 m


SOLUTION:

Applying Bernoulli’s equation between 1 (surface of the water in the tank) and 2 (point just outside the opening).
Assuming the height drops very slowly due to the leak, one may set . The pressure  and , the atmospheric pressure. 
We can express the height difference  using,
 






(10 marks)

If the jet of water travels for a time t before hitting the ground, then from familiar kinematics (equations of linear motion),
· Motion of the jet along the x-axis,


· Motion of the jet along the y-axis,



Therefore,



(10 marks)
Thus,



(5 marks)



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.
1

Exhaust gases in
1.1 kg/s
180C





[image: ]2
3
Air in
95 kPa
20C
0.8 m3/s
Exhaust gases out
95C
4
Air out


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.
SOLUTION:

This is a control volume since mass crosses the system boundary during the process. In general, there are several possibilities for selecting the control volume for multi-stream steady-flow devices, and the proper choice depends on the situation at hand. We observe that there are two fluid streams (and thus two inlets and two exits) but no mixing.

Under the stated assumptions and observations, the mass and energy balances for this steady-flow system can be expressed in the rate form as follows:

Mass balance for the entire heat exchanger:


for each fluid stream since there is no mixing. Thus,


and,

(5 marks)

Energy balance for the entire heat exchanger:









Combining the mass and energy balances and rearranging give


(5 marks)


According to the ideal gas equations,

And,


Also, knowing that , we can determine  as follows,





Thus,

(5 marks)
We now calculate  as follows,





(5 marks)
And,


Using the energy balance for the entire heat exchanger, we obtain,
	








(5 marks)

To determine the rate of heat transfer to the air, one should consider the exhaust pipe as the system,
Mass balance:



Energy balance:














(5 marks)
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