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715 Air at a pressure of 1 atm and a temperature of 50°C is
in parallel flow over the top surface of a flat plate that is

- heated to a uniform temperature of 100°C. The plate
has a length of 0.20 m (in the flow direction) and a
width of 0.10 m. The Reynolds number based on the
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plate length is 40,000. What is the rate of heat transfer
from the plate to the air? If the free stream velocity of
the air is doubled and the pressure is increased to
10 atm, what is the rate of heat transfer?
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7.58 A thermocouple is inserted into a hot air duct to measure
the air temperature. The thermocouple (7) is soldered to
the tip of a steel thermocouple well of length L = 0.15m
and inner and outer diameters of D; = 5 mm and D, =
10 mm. A second thermocouple (T5) is used to measure
the duct wall temperature.

Consider conditions for which the air velocity in the .

duct is V=3 m/s and the two thermocouples register
temperatures of T, = 450 K and T, = 375 K. Neglecting |
radiation, determine the air temperature 7... Assume that,

for steel, k = 35 W/m - K, and, for air, p = 0.774

p=251 %107 N-s/m’, k= 00373 WIm‘K,1 ;

Pr=0.686.
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7.78 A spherical thermocouple junction 1.0 mm in diam
is inserted in a combustion chamber to measure
temperature 7., of the products of combustion. The he
gases have a velocity of V = 5 m/s.

(a) If the thermocouple is at room temperature, T},
it is inserted in the chamber, estimate the i
required for the temperature difference, 7. =T, 10
reach 2% of the initial temperature difference, T, —
T, Neglect radiation and conduction through
leads. Properties of the thermocouple junction
approximated as &k = 100 W/m - K, ¢ = 385 J/kg- K
and p = 8920 kg/m’, while those of the combustion
gases may be approximated as k = 0.05 W/m:
v =50 X 10~ m%s, and Pr = 0.69.

(b) If the thermocouple junction has an emissivity of
0.5 and the cooled walls of the combustor are at
T. = 400 K, what is the steady-state temperature of
the thermocouple junction if the combustion gases
are at 1000 K? Conduction through the lead wires
may be neglected.
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7.87 An air duct heater consists of an aligned array of electri- (a) Determine the total heat transfer to the air and
cal heating elements in which the longitudinal and trans- temperature of the air leaving the duct heater.
verse pitches are S, = S; = 24 mm. There are 3 rows of
elements in the flow direction (N, = 3) and 4 elements
per row (Ny=4). Atmospheric air with an upstream
velocity of 12 m/s and a temperature of 25°C moves in
cross flow over the elements, which have a diameter of
12 mm, a length of 250 mm, and are maintained
face temperature of 350°C.

(b) Determine the pressure drop across the cl
bank and the fan power requirement.

(¢) Compare the average convection coefficient
in your analysis with the value for an isolated (si
element. Explain the difference between the

Heating elements, 7, = 350°C
D=12mm
N a3
Ny=4a
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(d) What effect would increasing the longitudinal
transverse pitches to 30 mm have on the exit
perature of the air, the total heat rate. and the prs- |7 = 25°C

V=12 m/s
sure drop?




