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Suppose we have a garage shop attached to a house on one side and the “outside” on
the other side, as sketched below in Figure 1. Suppose there is a heater in the shop: what
temperature can we achieve in the shop? If we get a bigger heater, how much warmer will
the shop get?

Represent the average temperatures of the shop, house, and outside by Tg, Th, and To,
respectively. Represent the thermal coupling between the garage and house by kh. Similarly,
represent the thermal coupling between the garage and outside by ko. We may write the
transient behavior of the garage temperature by

mcp
dTg

dt
= kh(Th − Tg) + ko(To − Tg) + P, (1)

where P represents the power of the heater and mcp represents the thermal mass of the
garage. In steady state, dTg/dt = 0, and we have

Tg →
khTh + koTo + P

kh + ko

. (2)

If the heater power is off, then P = 0 and the garage temperature is some average between the
outside temperature and the house temperature, based on the thermal coupling coefficients.
If the heater is on, then P > 0 and the garage temperature is higher.
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Figure 1: Sketch of heat transfer between house, garage shop, and outside.
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Time (h) To (C) Tg (C)
0.0 -3.3 7.2
0.2 -2.8 8.9
0.4 -2.8 10.3
1.3 -3.3 13.9
2.3 -3.3 15.8
3.3 -3.3 17.2
4.2 -2.8 17.8
0.0 3.9 8.9
0.2 3.9 10.6
0.6 4.4 13.1
0.9 4.4 14.7
1.3 4.4 15.8
1.8 4.4 16.9
3.0 4.4 18.3

Table 1: Outside and garage temperatures on 12/8/2008 (outside temperature below freez-
ing) and 12/9/2008 (outside temperature above freezing) for total heating power (heaters
plus lights) of 1500 W. Average house temperature is assumed to be 20 C.

How do we determine the thermal coupling coefficients and thermal mass? Imagine an
experiment in which the heater is off for a long time, so that the garage temperature comes
to an equilibrium. At some time (call it t = 0), turn the heater on to some constant power.
Under those circumstances, Equation (1) can be solved analytically:

Tg(t) = Tg(0)e−νt +
S

ν
(1− e−νt), (3)

mcp ν = kh + ko, (4)

mcp S = khTh + koTo + P. (5)

Comparing with Equation (2), we can see that the steady garage temperature is given by
S/ν.

If we actually perform the experiment described, we can measure the temperatures of
the garageas a function of time and compare it to the values calculated in Equation (3). By
adjusting the coefficients kh, ko, and mcp we can find the values that minimize the mean
square error between observed and calculated values of the garage temperature.

The experimental data in Table 1 is plotted in Figure 2, along with the least-squares
fit. The coefficients corresponding to a least-squares fit imply that for a house temperature
of 20 C, outside temperature of 0 C, and heater power of 4500 W, the maximum garage
temperature would be 19C. For the same conditions, if the heater power were raised to 6000
W, the maximum garage temperature would be raised to 21 C.
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Figure 2: Experimental data of Table 1 along with least squares fit for kh = 563 W/C,
ko = 267 W/C, and mcp = 1089 W-h/C.
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