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NOMOGR/MS FOR SOLVING ONE DIIENSIGHAL STEADY STATE CONDUCTION
PROBLEMS LWALVING COOLING TO THE ATMOSPHERE

by
J. H, McCGuire and C, ¥ Tlschl

The method of using nomogrsms for solving one
dimensional steady state conduction problems, concerning
walls and involving cooling to the atmosphere, is described.
Examples concerning a camposite wall are given,

1) Introduction

Although the equation of stesdy state heat conduction is simple,
problems encountered in practice are usually not easy to solve, as
cooling to the etmosphere is involved for which the relevent expression
“is- scmewhat complex

. In this note nomograms are described which will solve one
dmens:l.ona.l problems, that is problems concerning la.rge walls of
uniform thickness, ar, if they are composite, of uniforn thicknesses
of the different materiels comprising the wall,

2). The steady stz—.tc temperatures either side of a prescribed wall

When a wall is heated on one side by a constant temperature fire,
the far side will eventually attain, o steady temperature and the
nomogr am constltutlng Figure 1 rEl&tbS the tenperatures either side of
the wall to the thermal resisiance per unit sred of the wnll, - The
valués attrlbuted to certain constants to evolve it Wlll be found in
the Appendix. ¥ .

The voriables involved are:-~

(a) the temperature & _ (°C or OF) of the heated face, cbove the
amblent (i.e. atmosﬁherlc) temperature,

(b) ~ the temperature °C or °F) of the unheated face above the
ambient (i.e. atmcsﬂherlc) temperature and _

(c¢) the thermal resistence R {°C cm® se¢/cal or °F £tZ hr/B.Th.U)
of the wall per unit aren.

®The unheated surfrce of the wall is considered to have cn emissivity
factor of unity, which is almost always o wvolid cpproximetion not
merely of itself but slso because cooling is by both rodietion and
convection,
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If any two of these quantities be known then the third can be
determined from the nomogram in the following way:~ Lay a straight
edge across the scales 8., 6 5 and R such that it intersects two
of the scales at the values given for these quantities in the statement
of the problem. Then the value of the third quantity will be that
marked on the eppropriate scale at the point of intersection with the
straight edge. , .

In some cases the thermal conductivities (K,, K, etc.) and
thicknesses (14, 1, etc.)} of the various layers of different materials
comprising the well will have been specified in place of the thermal .
resistance per unit area (R). The value of R will then be given by
the expression

R=R1+R2+R3+ ------

L L
I““l 1{2 K3

l
'l
+

where the subscripts refer to the layers of material, 1 is thiclness
in an or in end K is thermal conductivity in cal/sec/cm/oc or B.,Th.U.

in, /hr/£+2/°F,

K and 1 will generally be specified in British units (B.Th.U,
in, /£t2/hr/°F and inches) and two additional scales will be found on
the left of the nomogram of Figure 1 to give values of R (°C cm? sec/cal
or °F £t2 hr/B.Th.U.). For prescribed values of K and 1, R may be
found by laying a straight edge so that it intersects the K and 1 scales
at the appropriate values. Then the value of R will be that marked
on the R scale at the point ' of intersection with the straight edge.

Vhere a composite wall is being considered the vclue of R for each
of the component layers must be determined as described and the results
added, The right hand portion of the nomogram mey then be used as ,
previously described to give, say, & value of B, if €, has been given
in the statement of the problem,

3) Example

A L% inch brick wall of thermal conductivity 5°5 B.Th.U. in,/ft2/
hr/°F is faced with half-an-inch of plaster of thermal conductivity
4+5 B,Th.U, in,/ft2/ir/°F., If a fire maintains the temperature of one
side at 1,000°C above embient temperature, what temperature will be
eventually attained ot the for side of the wall?

Prom the left hand side of Figure 1

6,000 °C cm? sec/cal.

Ra .
Beick 825 °c cm? sec/cal.

Masrern
.*. Total R = 6,825 °C cm? sec/cal.

i on

and

From the right hand side of Figure 1
8, = 215° rise above ambient.

4) Intermediate steady state temperatures

It .is often necessary 4o know not-merely the steady- state -temperatures
either side of a wall but the temperature at some. specified depth within
the wall and such problems mey be s¢lved by using the nomogram of -
Figure 2, ' ' o T ‘ ’
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The veriabies irmvolved, as illustrated in Figure 2, are:-

(2) - the temperature difference 912 (°c o °F) across the whole wall
(knowm),

" (b) the temperature difference 9@(00 or °F) across the particuler

thickness considered (unimovm), .
(¢) the thermel resistance per unit area R, (°C o sec/cal or OF £t2
hr/B.Th.U.) of the thickness considered (knomn, or found by the
nethod described in the second half of paragraph 2).
(4) the total thermal resistance per unit area R (" C am? sec/cal or’
OF £t° hr/B.Th.U.) of the wall (known).

The expression relating the voriables is

0,- 56y,
or n:%ﬁ- and 9a=ne12

The procedure for using the nomogram, which solves the simple
equations ebove, is as follows, Firstly n is determined by laying a
straight edge across the scales R, R and n such that it intersects
the R, end R scales at the specffied velues. Then the value of n will
be that marked on the n scale at the intersection of the straight edge
end the n scale, ' .

It is possible that the values specified for Rq ond R may not be
found on the sceles, In this case, the two scoles (Rq and R) may be
considered to be multiplied (or divided) by ten (or in froct any other
number). ' ' a

: e mey be determined by laying the straight edge across the n,

91, afid O scales, intersecting the first two at the appropriats
valués, The tRird point of intersection gives the value of © . For
certain values of @ and @,, more accurate results may be obfcined
by considering the g®scales 18 be multiplied by 10,

5) Ixample

In the example of perzgraph 3 find the temperature of the brick-
plaster interface, supposing the value of 92 to have been measured at
the exterior face of the trick, '

825 °C cm? sec/cal.

Then R
6,825 °C cm? sec/cel.

and ﬁ

[L3 14

Rptster
Ryoral

wn

PFrom the nomogram
n = 0«12
Considering the second part of the nomoérm_n, .
6.1 = .21500 rise and 92 = 1,000°C rise
e Oy,
From the nomogram of Figure 2

6 =93%
a

= 1,000° - 2145° = 785%

.*. the temperature of the interface, above ombient is Ba + 61 = 308%,

N.B. The value of Ga was obtained by la%ing the straight edge
against the mark 7,850 for 912 instead of 785°C. The result therefore
appeared as 930°C,



6) Rate of flow of heat

The steady state rate of flow of-he at through & wall mey be
imediately obtained from the graph of Figure 5 provided 61 is kncwn,

Thus, in the examplm glven thn rate of f‘low of heat since =
215°C is 0. 116 cal/cm /sec, ’ _ ’ "91
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Appendix

The nomogrem of Figure 1 solves the equetion

e,

-——_ﬁ—_l"'o.(e "'T)LF +H91 1.25.l0l|0' (1)
where, O temperature of heated surface above ambient tempc-ruture (°c)

temperature of unheated surface above ambient tegperature (°C)
ambient tempersture (degrces absolutO) :

290°K (= 17°C). .

{1 VO T T O T [NV | S [ S

R = thermal resistance per u.nlt area (OO em? sec/cal)
O = Stefan-Boltzmamn constant -
. =137 x 107127 cal/om /3634001*‘
and . H convection coefflclent

he7 x 1072 cal/cm?/ s,ﬂc:/":'C.1 25

Expression 1 relates the.heat flowing through the wall (L,H.S.) to
the cooling of the unheated face tco the atmosphere by:radiation and
convection., It has bsen assumed that the emissivity fector of the
unheated face is approximately unity. This is true for the radiation

£ heat by most building materials and is further Justified as an
appro:q.mat:.on by the fact that the right heand side of expression 1
contains an additional tarm (HQ 1.2 5) wihich, is.of the some order of
mognitude as the sum of the tmrns represent:mg r‘.dl..t:.on.

<1
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FIG2. NOMOGRAM FOR INTERMEDIATE TEMPERATURES IN WALLS
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. FIG. 3. COOLING TO THE ATMOSPHERE FROM A VERTICAL SURFACE
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