10-5

10-20 A double-pane window consists of two layers of glass separated by a stagnant air space. For
specified indoors and outdoors temperatures, the rate of heat loss through the window and the inner surface

temperature of the window are to be determined.

Assumptions 1 Heat transfer through the window is steady
since the indoor and outdoor temperatures remain constant at
the specified values. 2 Heat transfer is one-dimensional since
any significant temperature gradients will exist in the direction
from the indoors to the outdoors. 3 Thermal conductivities of
the glass and air are constant. 4 Heat transfer by radiation is
negligible.

Properties The thermal conductivity of the glass and air are
given to be Kgjass = 0.78 W/m-°C and kg, = 0.026 W/m-°C.

Air

Analysis The area of the window and the

individual resistances are R, | Ry
A=(1.2m)x(2m)=2.4m? T AWM
R =R = 1 5 ! 5= 0.0417°C/W
T A (L0W/m*S.°C)(2.4m7)
Ry = Ry = Rypes = L = 0003m _____ 9.0016°c/w
kA (0.78W/m.°C)(2.4 m*)
2 = Rair = i = 0.012m 5= 0.1923°C/W
k,A (0.026 W/m.°C)(2.4m*?)
1 1
R, =R =—-= =0.0167 °C/W
o M2 T A (25 WIm2°C)(2.4 m?)
Riotal = Reonv.1 + 2Ry + Ry + Ry 2 = 0.0417 +2(0.0016) +0.1923+ 0.0167
=0.2539 °C/W
The steady rate of heat transfer through window
glass then becomes
. T, -T —(-95)P

Row  0.2539°C/W

The inner surface temperature of the window glass can be determined from
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— T, =T, —~QRggny1 = 24°C— (114 W)(0.0417°C/W) = 19.2°C
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