
 13-31

13-55 Air enters a rectangular duct. The exit temperature of the air, the rate of heat transfer, and the fan 
power are to be determined. 
Assumptions 1 Steady operating conditions exist. 2 The inner surfaces of the duct are smooth. 3 Air is an 
ideal gas with constant properties. 4 The pressure of air in the duct is 1 atm. 
Properties We assume the bulk mean temperature for air to be 40°C since the mean temperature of air at 
the inlet will drop somewhat as a result of heat loss through the duct whose surface is at a lower 
temperature. The properties of air at this temperature and 1 atm are (Table A-22) 
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Analysis (a) The hydraulic diameter, the mean 
velocity of air, and the Reynolds number are   

[ ] m 1714.0
m) (0.20+m) 15.0(2

m) m)(0.20 15.0(44
===

p
A

D c
h  

500,70
/sm 10702.1

m) 4m/s)(0.171 (7
Re

25
avg =

×
==

−ν
hDV

 

which is greater than 10,000. Therefore, the flow is turbulent and the entry lengths in this case are roughly 
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which is much shorter than the total length of the duct. Therefore, we can assume fully developed turbulent 
flow in the entire duct, and determine the Nusselt number from 
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Heat transfer coefficient is 
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Next we determine the exit temperature of air 
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(b) The logarithmic mean temperature difference and the rate of heat loss from the air are 
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(c) The friction factor, the pressure drop, and then the fan power can be determined for the case of fully 
developed turbulent flow to be 
   01973.0)500,70(184.0Re184.0 2.02.0 === −−f

 

 W4.67==
Δ

=

===Δ

3

2

2
232

avg

kg/m 127.1
)N/m 25.22)(kg/s 2367.0(

N/m 25.22
2

)m/s 7)(kg/m 127.1(
m) 1714.0(

m) 7(01973.0
2

ρ

ρ

PmW

V
D
LfP

pump
&&

 

PROPRIETARY MATERIAL. © 2008 The McGraw-Hill Companies, Inc.  Limited distribution permitted only to teachers and 
educators for course preparation.  If you are a student using this Manual, you are using it without permission.  


