PROBLEM 3.16

KNOWN: Dimensions and materials associated with a composite wall (2.5 m x 6.5 m, 10 studs each
2.5 m high).

FIND: Wall thermal resistance.
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ASSUMPTIONS: (1) Steady-state, one-dimensional conditions, (2) Planes parallel to x are adiabatic,
(3) Constant properties, (4) Negligible contact resistance.

PROPERTIES: Table A-3 (T =~ 300 K): Hardwood siding, ka = 0.094 W/m-K; Hardwood, kg = 0.16
W/m-K; Gypsum, ke = 0.17 W/m-K; Insulation (glass fiber paper faced, 28 kg/m?), kp = 0.038 W/m-K.

ANALYSIS: Using the Ra1 = La/(KaAg) Ra2 = La/(kpAp)
adiabatic surface assumption, the
thermal circuit associated with a Rp= Lg/(KgAg) Rp = Lp/(KpAp)
single unit (enclosed by dashed
lines) of the wall is as shown to _ _
the right. The various resistances Rea = Le/keAe) Rez = Le/keAo)
are
0.008 m
Ra1= (La’kaAg) = =0.8511 K/W
a1 = (Lalkate) = oo Wim - K (0.04m x 2.5m)
Rs = (Le/ksAs) = 0.13m —8.125 K/W
0.16 W/m-K (0.04 m x 2.5 m)
Re. = (Lo/kcAg) = 0.012 m —~0.7059 KIW
0.17 W/m-K (0.04 m x 2.5 m)
0.008 m
Ra2 = (La/kaAp) = =0.0558 K/W
r2 = (balkao) = o0 Wim K (0.61m x 2.5m)
Rp = (Lo/koAp) = 0.13m — 2.243 KIW
0.038 W/m-K (0.61 m x 2.5 m)
Res = (Lo/keAp) = 0.012 m — 0.0463 KIW

0.17 W/m-K (0.61 m x 2.5m)

Continued...



PROBLEM 3.16 (Cont.)

The total unit resistance is

-1

— 1 N 1 _( 1 N 1 j‘l

71 Ra1*Rg*Rc1 Ran*Rp*Recs 0.8511+8.125+0.7059  0.0558+2.243+0.0463
= 1.888 K/W

With 10 such units in parallel, the total wall resistance is Ry = (10 x 1/Rtot,l)'l =0.1888 K/W. <

COMMENTS: (1) Contact resistance will increase the overall wall resistance relative to that
calculated here. (2) The total wall resistance assuming isothermal surfaces normal to the x direction is
0.1854 K/W, which is within 2 % of the value found in this solution.



