
Q̇r = (.9)

(
.1713× 10−8 Btu

hr · ft2 · ◦R

)(
73.3ft2

) [
(610◦R)

4 − (526◦R)
4
]

Q̇r = 7000
Btu

hr

Add the convection and radiation to determine the total heat transfer:

Q̇t = Q̇c + Q̇r = 4700
Btu

hr
+ 7000

Btu

hr
= 11, 700

Btu

hr

Answer D

42.22 400cfm of 50◦F conditioned supply air enters a 10in round uninsu-
lated duct with an outside surface emissivity of 0.4 and an average
surface temperature of 58◦F . The duct travels through a 30ft room
in which the ambient air and all contents and surfaces are main-
tained at 76◦F . What is the temperature of the air exiting the
room? Refer to the table below for properties of air.

A. 51◦F

B. 52◦F

C. 53◦F

D. 54◦F

Heat is gained by the air in the duct by forced convection. This is the primary mode of heat transfer
internal to the duct.

Heat is gained by the duct via both natural convection and radiation. This is driven by the
conditions external to the duct.

Through the duct itself, there is convection across the thickness of the sheet metal. Since the
duct is uninsulated and the thermal conductivity of sheet metal is large, neglect conduction and
equate the internal heat gain to the external heat gain.

Q̇conv,int = Q̇ext = Q̇conv,ext + Q̇rad,ext
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Start by considering the internal heat gain by forced convection. Look up Turbulent Flow in
Circular Tubes in the Reference Handbook and refer to the formula below. Assume the dynamic
viscosity is approximately equal for the bulk and surface conditions since the temperature di�erence
between the duct surface and the bulk air �ow is not signi�cant.

NuD = 0.023Re0.8
D Pr1/3

(
µb
µs

)0.14

µb ≈ µs →
µb
µs

≈ 1→ NuD ≈ 0.023Re0.8
D Pr1/3

Calculate the velocity:

v =
Q

A
=

(
400 ft3

min

) (
1min
60s

)
(
π
4

) (
10
12ft

)2 = 12.2
ft

s

Calculate the Reynolds Number, Re. Use the table Properties of Atmospheric Air for the kinematic
viscosity.

Re =
vD

ν
=

(
12.2 fts

) (
10
12ft

)(
15.5× 10−5 ft

2

s

) = 65, 000 > 10, 000 (turbulent)

Calculate Nu and use to specify the internal convection heat transfer coe�cient, hi:

NuD = (0.023) (65, 700)
0.8

(.72)
1/3

= 147

Nu =
hD

k
→ hi =

Nu · k
D

hi =
(147)

(
.0145 Btu

hr·ft·◦F

)
(

10
12ft

) = 2.557
Btu

hr · ft2 · ◦F

Write an expression for the internal heat gain by the air �owing in the duct via forced convection.
Note the ∆T in the formula is the di�erence between the average surface temperature of the duct

and the average i.e. �bulk� temperature of the air. Later the bulk temperature of the air will be
related to the entering and leaving air temperatures.

Q̇conv,int = hiA∆T =

(
2.557

Btu

hr · ft2 · ◦F

)(
π

(
10

12
ft

)
(30ft)

)
(58◦F − Tb)

Consider the external heat gain, starting with natural convection. Use Reference Handbook
section Long Horizontal Cylinder in Large Body of Stationary Fluid to �nd the external convection
heat transfer coe�cient, ho:

ho = C

(
k

D

)
RanD

where Ra:
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RaD =
gβ (Ts − T∞)D3

ν2
Pr

Use the table given to select the values for properties of atmospheric air at the �lm temperature
and calculate Ra.

Tfilm =
Ts + T∞

2
=

58◦F + 76◦F

2
= 67◦F

RaD =

(
32.2 fts2

) (
1.9× 10−3 1

◦F

)
(76◦F − 58◦F )

(
10
12ft

)3
(.72)(

16× 10−5 ft
2

s

)2 = 1.8× 107

Based on the range of Ra, specify constants C and n:

107 < Ra < 1012

C = .125

n = .333

Calculate the convection heat transfer coe�cient:

ho = (.125)

(
.0147 Btu

hr·ft·◦F
10
12ft

)(
1.8× 107

).333
= .574

Btu

hr · ft2 · ◦F

Determine the heat transfer by natural convection. Note the ∆T is the di�erence between the
surrounding air temperature and the surface temperature of the duct.

Q̇conv,ext = hoA∆T =

(
.574

Btu

hr · ft2 · ◦F

)(
π

(
10

12
ft

)
(30ft)

)
(76◦F − 58◦F ) = 811

Btu

hr

Consider the external heat gain by radiation. Look up Net Energy Exchange by Radiation
Between Two Bodies and use equation:

Q̇r = εσA
(
T 4

1 − T 4
2

)
where ε is the emissivity, σ is the Stefan-Boltzmann constant, A is surface area, and the temper-

atures are the surface temperatures of the duct and the surrounding walls. Note the temperatures
must be in absolute terms i.e. degrees Rankine.

Note the emissivity was given.

ε = .4

Change the temperatures to Rankine:

T1 = Twalls = 76◦F + 460◦ = 536◦R
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T2 = Tduct = 58◦F + 460◦ = 518◦R

Calculate the heat transfer by radiation:

Q̇rad,ext = (.4)

(
.1713× 10−8 Btu

hr · ft2 · ◦R

)(
π

(
10

12
ft

)
(30ft)

)[
(536◦R)

4 − (518◦R)
4
]

Q̇rad,ext = 567
Btu

hr

Calculate the total external heat gain:

Q̇ext = Q̇conv,ext + Q̇rad,ext = 811
Btu

hr
+ 567

Btu

hr
= 1378

Btu

hr

Since the internal heat gain is equal to the external heat gain, set this equal to the internal
forced convection expression obtained earlier:

Q̇conv,int =

(
2.557

Btu

hr · ft2 · ◦F

)(
π

(
10

12
ft

)
(30ft)

)
(58◦F − Tb) = 1378

Btu

hr

Simplify: (
200.8

Btu

hr · ◦F

)
(58◦F − Tb) = 1378

Btu

hr

58◦F − Tb =
1378Btuhr

200.8 Btu
hr·◦F

= 6.9◦F

Tb = 58◦F − 6.9◦F = 51.1◦F

Recall Tb is the average �bulk� temperature of the air in the duct which is the average of the
entering and leaving air temperatures. The entering air temperature is given. The exiting air
temperature is unknown.

Tb =
Tenter + Texit

2
=

50◦F + Texit
2

= 51.1◦F

50◦F + Texit = 102.2◦F

Texit = 52.2◦F

Answer B
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