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illustrated in Figure 4.3 comprises the following basic 
steps'-

x. compiling raw data into a file;

2. editing the file, ignoring ambiguous data, 
and sorting data into files;

3. processing manual data:

4. converting all thermocouple readings to 
true temperatures based on previously-stored 
calibration coefficients;

5. establishing a reference time base with zero
as the time of entry into the climatic chamber;

6. establishing a baseline for radiation, convec­
tion ani evaporation, basei on initial ana 
final values without a subject in the chamber, 
and converting radiation, convection and 
evaporation measurements into true qu;intities 
of heat exchange, taking into account the 
baseline and the day’s calibration coefficients;

and
7. converting all oth* r data such as oxv ;tn 

do terminations Into true metabolic inpu'f- 
heat and change in weight into evaporative 
heat lonn.

All processed experimental data are stored and then 
printed. There are a total of 32 options to the pi ogramme 
to allow for different types of experiments. The options 
&re specified on the three job control card3 handed in 
with the paper tape. Mnny of the options occut by default 
if they are not specified. Sume of the options are:
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| Data ncaled for plotting.

| Data plotted |

FIGURE

A flow diagram of the c° mP“ *e![hPr° f S S t i o ^ S b e r *  g 
obtained from experiments in the
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1. printing anri/or plotting of graphs;

2. selecting data to be plotted;

3. point-to-point or smoothed-curve plot*.ing;

4. scaling of temperature and heat exchange 
axes;

5. size ol graph; and

6. acceptance of new or old calibration data.

4. 5 Sxierir.-.ental re^ul t

The information required from the results of the 
experiments were:

1. enviroi*mental conditions;

2. transient skin, rectal and oesophageal 
temperitures;

3. transient evaporative heat loos;

4. metabolic heat input;

5. work rate;

6. the final steady state temperatures; arid

7. steady state heat loos by radiation, 
convection, the evaporation of sweat and 
I I loss♦

Because of the number of experiments find the large 
amount of data it is not possible to include all the 
experimental results in this text. The series of 
experiments which contain a number of recoids have only 
one sample record illustrated in the main text and the 
remainder of the records are illustrated in Appendix 2.
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Two restir.g subjects were exposed to a step change 
in environment from an initial comfortable environment to 
a variety of environments. (see Table 4.2, page 100 ).The 
transient rectal and skin temperature measurements are 
shown in detail in the Appendix, Figures A.14 to A.18. 
recordings of metabolism and the total heat los;:, that i'd the 
gum of radiative, convective and respiratory heat 103s, for 
the last two te3tn in a cold environment, are illustrated 
in Figures A.19 and A.20. Figure 4.4, page 106, is a 
sample record taken from Figure A.15. The curve shows the 
nean transient response of subjects exposed to air moving 
at three different velocities when the air temperature is 
increased from 28*C to 40,5*C. Figure 4.5 shows the respona 
of the subjects when exposed to a cold environment, 
curves are taken from Figure A.17.

The mean steady state <iata .* rotr. this series c: exper i...e: 
are listed in Table 4.’, page 111.

Results- Of Sern-J .. and '■ exieri

£ p r , ' ! 1 ta i r * '-XI -

The third se 
of the eecond uer

and a summary of 
first half, or re 
same as those of 
a typical graph b--

the large quantit

experiments. The radiative, convective and evaporative heat
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xchango components includ i ri/'l the net, heat balance, or 
storage, are plotted. The radiation and convection
c o m p o n e n t s  are relatively small because of the 3inall 
temperature gradient between the skin and the air. The 
e v a p o r a t i v e  heat losa meaaurerr. j u  ts determined by weighing 
and by direct meaaurement are illustrated. The results 
obtained by the latter method demonstrate the short-term 
variations in evaporation. It will be noted that the 
skin temperature, measured with the four-point harness 
is lower than that measured with fifteen-point probe 
during the work period. Because *vere sweating by 
the subject, the harness tecperr . jbes probably never
made good thermal contact with skin. The fifteen-point
probe measurement is accepted as being the correct value 
of mean skin temperature. The rest period, following the 
period of vcrk in the third serie3 of experiments, is not 
illu. t -ftted.

Figure 4.7 illustrates the means of the experimen­
tal results obtained at three ambient temperatures and at 
two work rates. All the skin temperatures are baaed upon 
the f: ftsen-point scar, measurement. It was 1 ound that 
humidity had little effect on skin temperature during

Figure 4.8 illustrates the means of data on evaporation 
obtained in the experiments of which the results are

work, unless the humidity was high, in which case the 
evaporative heat loss w-ia limited (Mitchell, i 1, -

summarised in Figure 4.7.
based on the mean value o; 
ation, the m< in

Samples of the steady state experimental data for 
the caBe of one value of humidity and two values of air 
velocity are listed in Table 4 • M.



- 103 -

series 4 experimental ro.iult:;

The first, group of 3eriea 4 experiments were 
similar to Seriea 1 experiments in which a resting subject 
was exposed to a variety of wai.n environments. Considerable 
care was taken during the experiment to obtain reliable 
transient temperature and evaporative heat-loss records.
A sample record object B is Illustrated in Figure 4 . ^ . 
The mean skin temperature and the oesophageal temperature 
were measured frequently with an accurate milli-voltmeter, 
while the rectal temperature and the evaporative heat lo : 
were recorded. It will be noted from the figure that 'he 
rectal and oesophageal temperatures are plotted on a 
larger scale than the skin temperatures are. The evapor­
ative heat- loss record for tms particular experiment is 
illustrated in Figure 4.1C.

Further experimental records are shown in Appendix 2, 
Figures A21 to A25. Table 4.9 lists the steady state 
data.

Tho second group of experiments in this series 
required various initial values of ambient temperature 
and small step changes ir. ambient temperature. Eecaune 
of the small change in temperature and because the vaso­
motor tone does r.rt change in ambient temperatures ate/e 
34*C (Chapter 3) there records are not as impressive as 
the previous records illustrated above.
4.12 are typical record’ . Table 4/j lif • the ^tc 

state data.

Serlei3 5 experimental result,m

a . a ).<• tmnHferring them from Two subjects were cooled by r* on in t, o (i comlortabie
a warm environment in the preparation

i. i T’pntt'! wure conductedenvirorunent in the climatic chamber .
^  three initial roo» temperatures and two climatic chamber 
air velocities. The mean akin and rectal temperatures
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summarised in the graph'- in Figure 4*13. The upper curvec 
represent data obtained when the subject waa cooled in air 
with a velocity of 0,67 m/s and the lower curve.-; the data 
obtained when the subject waa cooled in air at a velocity 
0f 3.11 m/s. The subjects had not a-*:ained a ateady state 
temperature after a period of two hours in the climatic 
chamber. In order to determine their true steady state 
body temperatures in the climatic chamber environment, 
the men were placed in the climatic chamber for a long 
period without any initial heating in the preparation room. 
The xean steady state temperatures are shown in Fi*oire 4.13* 
The detailed experimental records are given in appendix 2, 
Figure A, 26 .

No evaporation of sweat was detected in either 0. uhe 
experiments in the climatic-

Seriea r, ex

A short experiment was designed to measure the rate ci 

decrease of evaporation of aweat from a subject after he 
had been subjected to a sudden change from a warm .0 ĉ l*. 
environment, such as in series 5 experiment:-. n micro 
hygrometer record la ir Figure 4.14 . The recorder
scale waa not calibrated no that it merely shows 
relative change in evaporation with time.

4 • 6 I ?.• • ■ ■ . • | • . ■ ■_'/• ___L.-----—----- ----------:—

envi ron.’i.̂rit

Since the Series 1 experiment, the firBt jbase of 
Series 2 and 3, and part of Series 4 experiments exposed 
different subjects to the same environment, it is worth 
combining all the data find all the transient ru01^  
obtain one mean transient temperature cuive
environment.
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fhe steady state data of each suoject and the calculated 
mean values, for four values of environment, are £iven in 
Table 4.10* Figure 4.15 snows the steady state values of 
rectal and skin temperature for all the experiments with 
ar air velocity of 0,67 m/a and the air temperature ranging
from 28 *C to 49*0.

Figure 4.16 shows four curves which represent the 
transient response of man when the air temperature is 
increased from 28*0 to 32,5*C, 35*0, 40,5*0 and 49*0.
These curves represent the best fit to all the transient 
data taken from Series 1,2,3 and 4 experiments. The Initial 
temperatures of Tv. and Tg are taken from the mean values 
calculated in Table 4.10.
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TABLK ■; .2

gxperlaen*?il e.onditlonp j'or. .'erles 1 e x p u n ::, nU>

Initial air temperature of preparation 
room = 28 °G and still air

Dry-bul b 
temperature

C O

Mean radiant 
temperature 

(°C)

Wind speed (m/3)

0,67 1,27 1,86 3,11 4,94

Experiment number

12,8 12,8 1 c 3 4*4 5
23,9 23,9 0 n 8 9 10

35,4 35,1 11 12 13 14 15
40,4 40,6 16 17 16 19 20

49,1 49,0 21 22 23 24 25

Water vapour preaoure = 10,5 * »1 mbar

R x p orimert. time nchedujja

Place Rest in preparation 
room

Uoflt in climatic 
chamber

Time (minutea) -60 to 0 0 to 120
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TABLE 4.3

Wx;eri:Lunt i; conditions for Series 2 experiment.::

Initial air temperature of preparation 
room = 28 °G and still air

Dry—bulb 
temperature

(°C)

Mean radiant 
temperature 

(°C)
Wind speed 

(m/s)

Work rate (watts)

45 79 113
Experiment number

12,9 12,9 0,67 1 2 3

3,11 4 5 6

24,1 24,1 0,67 7 8 9

3,11 10 11 12

34,9 35,0 0,67 13 14 15

3,11 16 17 ie

43,3 43,4 0,67 19 20 21

3,11 22 23 24

Water vapour pressure =11,6 ± 'v mbar

Kx : ‘f 1 '■

Place
Rest in 

preparat ion 
room

Root in 
climatic 
chamber

Work in
climatic
chamber

Time (minutes) -60 to 0 0 to 40 40 to 160
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T A B L E D

Experimental condition 13. for fierjen 3 experiment.?

Initial air temperature of preparation 
room - 28 °C and still air

E / 1 >■ r 1 * ' i 1: ̂  i^he-iu^

Place Rest in 
preparation 

room

Rest in
climatic
chamber

Work in
climatic
chamber

Rest in
climatic
chroiiber

£e (minutes) - 90 to 0 0 to 90 90 to 180 180 to 2 70
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Experimental conditions for Serieu 4 experiments 

(Climatic chamber air velocity e 0,67 m/a)

Test
No. Subject

.Heat room C1ima tic chamber
temperature

°C dry-bulb 
°C

wet-bulb
°C

11 . . . A OP 32,5 i 022 ■L 7
7 A Oft 19,4B do

19-.- A 23 37,5 1 fi c19,5
A Oft 40,5 21CU

r. i ... i
43 2010 B

17 *H Oft 46CO £ c
.11 • Oft 49 24cO

32,5 40,5_ 4
.13 32,5 \ Q 2414

5 1 Af) 216
15 A 55 J.Q 2416 I
1 7 - A 40,5_ 18 37 ,5

lyy : r-i * '. K:."

Place
Kent in 

preparation 
room

Rent in
climatic
chamber

Time (r.inutea) - 120 to 0 0 to 120
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u m  ‘Ul

E x ;  erimental conditions lor Seriec 5 experiments

f Initial conditions Chamber conditions

Dry-tulb and mean Dry-bulb and mean Air
: i’. ru.' * erature radiant temperature velocity

(°C) (°C) a 28 °C (m/s)

experiment number

7 S C 1 0,67
2 3,U

42,0 0,67
4 3,11

A i C > 0,67
6 3,11

rtuter vapO iT j res jut*> * 10 afcar

■. ; • ■ :■; J_t_. " 0 ■ C’.tM'*Iff

i luce Rest in
preparation

room

Rent in
climatic
chamber

Timo (minutes) - <)0 to 0 0 to 1^0
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TABLE 4.10

A euitmary of all the experlm^ntaI atvady-atate reaulta for 

the four temperature;? 28 °C, 35 °C, 40,5 °C and 49 °0

T
a

Subject• T
a

T
r

T0 H
a fih

H
r

H
c

H
e in oulj

°C °C °C °c
.. .. .

w ! W W W V
r "

28

A

E

D
M

E

M

E
K

33,15

32,25

32.3 
3 2 ,2
32.3

30.9 
31,7

30.9 1

36.7 

36 ,6
36.7 j
36.8  

36,5 
37,2

36.8
3 6 .8

36,35
56.5

57,2

56.6 
36,6

92
80

92
88
95 | 
98
88 I 

95

KEAN 31,8 | 36,75 ! 36,65 ! 91

ad 0,83 I 0,21 0,32 ; 5,6

35

A
3
D
K

E
M

E
k

34,65
35,15
35.0 

35,5

35.1
55.2

35.2 

35,0

37,1 | 36,75 92 U  
3 7 , 1 5 ( 3 6 ,8  ‘ 83 10

37.0 ! 80
37.4

36,9 I 3 6 ,8  95
37.1 36,9 90 

37,0 i 56,9
57.4 37,2 115 .

5 o 
0 0 
0 , 0

8 I 10 

3

99
77

130

100
165
30

------ 1

j RE. 35,1 37.15 ! 56,89 91,4 10 | 2,6; 3,5 98,7 97 | 109
-----

r sd 0,24 0 ,18  0 .16  • 11.65; i 54 *,7 6 ,2,1

40,5

f A 
B 
0 
M 

E 
N 

E 
M

35.05
35.3

35.55
35.55

35.5

35.3 
35,7

35.5

57,55
37,25
37.4

37,45
37,1

37.5
37,;?

37.5

56, e 
56,7

i 37,5 
37,1 

157,2

105 ! 12 ! 59
89 ! 12 j 40 
95 1 | 55 

70 i 50 

95 1 35 
99 i 50
90 ' 44 

85 ! 35

61
38
40

35
75
35
75
50

185
201
190

150
200
240

125
185

hbah

ur~
35,43 37,34 37,06 | 91 12 

I ---
46

9

52

17,9

184

3^5

189 ,196 
--- (-•-

49

u m
3d

A

B
D

M

35,^  
35,7 

35,3 

, 15,x ± -  
— 25j£5l 

0,25

S i 1?.
37.5

57.5
37,65

, .3.7.65

0,09

36,.» ‘ 90 

36,7 88
90

4 — 2P—
L&ifi___i j i -

t 1,0

10
12

" T f

In }
100

90
140 

11 JO

l l l L .

2 4 . ~

150

150
140

155

142-
6,3

348
348
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759—

13,9
3 iA . 14J
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f I JUhK .

Experimental mean akin and rectal temperatures, arid ev.it 01 
ative heat loaa tranaienta l’or a step change in air temper 
ature from 28’C to 49*0, 40,5*0, 35*C and % v, The air 
velocity io 0,67 m/a.

i
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OHAFTKR 5

AN EXAMINA'l'lCN OF THB THERMAL RESFONSB CF A RESTIf; , 

MAN EXPOSED TO A HEAT STRESS

5.1 Nomenclature

5.2 Introduction

5.3 The closed loop transient equation of 
the thermoregulatory mechanism

5.4 Identifying the coefficients of the 
closed loop equations

5.4.1 Proportional control initiated from 
the core temperature

5.4.2 Proportional control initiated from the 
core and akin temperatures

5.4.3 Proportional and rate control
5.5 Summary



a constants ai 6» peripheral blood flow control gain initiated by Tp
. peripheral blood flow control gain initiated by T
cs4 peripheral blood flow control initiated by dT /cit
• 1. evaporative heat loan control gain initiated by T
A evaporative heat loss control gain initiated by

p 3» evaporative heat lose control initiated by dTr./dt
e i» metabolic control gain initiated by T„g. metabolic control gain initiated by To
ms
q core thermal capacitance U / ’C)
C skin thermal capacitance (J/*C)

u.i Nnmeri'.' 1 'iV.iro

G and G? steady state transfer coefficients

rate of heat flow between core and skin (.V, 
incremental change in H.Q (W)
rate of heat lose by the evaporation of sweat {*)

rate of heat loss by respiration (W)
mte of heat loan by radiation and convection (Wi

Hb 

He
«h 
Hrc
H total metabolic heat production (W)
H incremental change in metabolic heat (W) 
am
K, internal physiological conductance (#/ *)
K______heat transfer coefficient for radiation and

convection (W/-C)
rc

\ c fv-n trinefer function p̂ and Pp poles (or roots) of the

Q substitution coefficient

H substitution coefficient
R internal resistance ( C/W) , .b and convection
R resistance representingrc

heat loos (*0/W)



Laplace operator 
time (seconds)
time at which peak 3Kin temperature occurs (seconds) 
air temperature (*C) 
core temperature (*C) 
oesophageal temperature (*c) 
rectal temperature (*C) 
okin temperature (*C)

steady state incremental change in temperature (*rJ;
T and f* threshold temperatures (*C) t ts
41 small transient temperature component (*C;

V air velocity im/o)
i roots of characteristic equation
t>f0and y exponential co» f ficier.ts (seconds**-1)
t and t_ time constants (seconds)* P

Introauction

The thermoregulatory problem w;is delined and Loth 
controller and controlle.; system analysed in Chapter 
The next tasK is to decide on the number oi segments wit: 
which to represent the controlled astern and then to derive 
the closed loop characteristic equation expressing the 
dependent variables in terms of the independent variation. 
Having established the equation, the coefficients may be 
determined fro.- the experimental result:-.

The response of the simple model is compared with the

experinients made in the olimatic cnamber. by txan.inin....
closed loop equation and the model's response it is possible 
to clarify the function of the control actions.

This chapter will examine the response of a resting

- l ‘>0 -
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man exposed to nn increase m  air temporatux*o. A change in 
air temperature is chosen in preference to a change in air 
velocity or humidity as the body i3 more aenyitive to 
changes in air temperature.

' < The closed loop transient equation of the thermore^ 1-itor./
system.

An mentioned in Chapter 4, the first tests in the climatic 
chamber always commenced with the subject exposed to the 
same initial ambient temperature. The magnitude of the 
disturbances were increased with each teot and therefore 
the bounds of a linear response were exceeded. It was ioter 
that the author specifically designed experiments in which 
trie magnitude of the disturbance was small while the initial 
value of the ambient temperature for each test increased.
The results of both types of experiments have proved 
valuable.

Figure 5.1 illustrates changes in the transient rectal 
end skin temperatures of a resting man subjected to 
changes in air temperature. The curves represent the mean 
temperatures which were measured in the Series 1, 2, 

eiperinenttt, uescribed in Sec. 4.b. The oesophageal temp­
erature is not included in the data presented in this illus­
tration as the rectal temperature is cou.idered to ce a 
tetter indication of the dynamic core temperature on account 
of it3 large thermal inertia.

The simple amooth curveo are typical of a differential 
equation with at least two complex rootn. A aeconu-orde’ 
transient transfer oxpreaulon relating either -’kin or rectal 
tenperaturi o to the dlaturbanceB ia therefore exan.in< d and 
the controlled system represented by two segments. A f 
order cxpreaoion contains only one time constant and will 
not discriminate between core and akin temperatures in the 
controlled syatem. Use of a higher order equation will .. < 
the arialyeis unnecessarily compJf,x.
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Consider the cylindrical model of the body illustrated
in Figure 5.2. The cylinder contains two concentric section.')
r e p r e s e n t i n g  the core and skin; the temperatures of these
sections are T and respectively. Metabolic heat, , is
generated in tho core and transferred to the skin surface by
conduction and vascular convection. A single apparant
conductance Kt ( = l/&b) will represent the source of the
temperature gradient between these two sections. If
u + a H is the rate of heat transfer between the core and nb b 
the skin, then

V  1 Kb ( V  V  5 -1

■ i/ab<V ».) 5-2
The radiative and convective heat transfer between the s«iin 
and the environment is given by equation '- <

>*rc “ Kr c < V  V
- l/Rrc(V  Ta> ’"4

where K * (6,0<i ♦ 7,33 V0 '6)(Surface Area) 5-5

Two control actions occur in a warm environment in order 
to reduce the thermal stress. These actions deternine the 
exaporative heat l0B8,He, and cause a change in the rate 
of heat transfer between core and skin, AH^,w.iich i- 
due to a change in peripheral blood flow (vasomotor tone .
The control actions are initiated by Tc and T^. Assume 
the control actions are proportional to Tc»Tfl in<* ^  
of change of skin temperature dTfl/dt,(reler

The control characteristics may be represented b> a 
linear equation provided that the equation is con 
small range of temperature. Therefore

dT a 5-6
He * (*e- V Ae * < V Tt s )Aae + TT

and dT , 5-7
1 H b =  ‘ V  T t > A b +  l V  T t » ) A t s +  o r 2  b d



- 1^ 4  -

FIGURE 5 .?

alrnpie aecond-order model with itu equivalent 
e ectrical network diagram.
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where Ab is the control sensitivity between D and Tc
Abs

tt tt ft AH.
D
and Te

Abd
ft tt ft and dT /dts

Ae
It tt tt

He and To
Aes

tt tt tt
He and T„

O

Aed
tt tt II

He and dT„/dt
O

With tl e exception of the multiplication term, which is 
considered later, the equt-tiona 5-6 and 5-7 are the same as 
the controller equation 3-12. The coefficients A,, A ., A

D D S  6

and A,.. represent the slope of the particular section of
6  S

the curve and T+ m d  T. , the intercept of the straight lineX \t s
if it is extended tj cut the temperature axis. The terms
T and T do not represent a set point, t ts

The closed loop transient temperature expressions 
describing T and T in terms of a small step-change in T

C 3  s*

Lved using equations 5-1 j  5-7. The equations 
may be derived from first principles or simply by the use of 
a signal flow diagram and Mason's loop rule. The signal iloi

equ * - n ire given in Figure
The analysis is in Appendix A*'* . At a first glance the 

Lent expressions r-re complex,i re, in fact,
second order equations with the same form qs equations 
and 3-3.

The equations may be expressed as

G,(s ♦ Yi) x c
&Tc(s) - — --- ----- —  6Ta(S)

and

ATb (s )

* Qs ♦ R
0,(8 + Y i )

(s 4 0)

0 2(a + Y 2 )
q ‘~ + Qn + R

Oj(s + Ya)

aTr (s ) 5-11

5-12

(a + »)(s * P)
ATa(a) 5-15
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"Abd
where °1 R C C (1 + (A ~  YTc 1 5~1'1rc c sv ed bd;/ c J

- (1 - H, A, )V _______ b
1 ” A 5 5-15bd b

G, =
RrcGs^1 * Âod~ Abd^Cŝ

y, = 1 r.V t
K Gnb c

< V Rrc+RbRrc‘Aea-Abs>>V (Rrc+AbRbRro)0a+AedRrc'
^ _________________________________ RbRrc ̂ AbAed~AeAbd ] 5_lg

V r o W 1 + (Aed- Abd>/°a>

R * 1 ♦ M b  ♦ R r g < V  Ae.s> ♦ RbRrctAbAea~ AeAba> 5_u
RfcRrcCo°E(1 * (Aed‘ Abd>/0B)

, a ■> m  - -iK 5_20♦ vQ" - 4R

o - U ~.ih 5-21

If ATfi(a) ia a atop disturbance of magnitude ATnthen 
it is represented by

Al? (8 ) = -  5-2a' ' 3 a
in the above expreasiono*

The numerical solutions of the clooed loop equations 
5-11 and 5-13, which give the ’real time' value of *TC and 
ATy are obtained from the inverse Laplace transform tables 
(Holbrook, 1959) und are given by

Tc(t) * (a, + a,e“pt)6Ta 
and
^3(t) = (a4 + a,e a,e  ̂ ) Â a

5-23

5-24
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where a, - G, Yi/»P 5-25

a2 = G, (or- V,)/(fv(p - rv)j 5-26

a, = G, (0 “ V,)/(fj(o - 3)) 5-27

a4 = G2 V2/o(3 5-28

a, - G,(» -Y»)/(»{0 - a)) 5-29

a. = G,(0 - Y5) / 0 (<v - (3)) 5-30

Both AT (t) and AT (t) consist of a steady state c a
increment and two decaying exponential terms. The actual 
values of T and T are given by the transient values plusC 0
the initial value before the step change.

. .

V  V  Aes’ Aed* °o' C3- Hrc <" ^ r c ’ aad Rb <s 
Note that the terms T* and Tf„ do not appear in theseW lb
equations so that they therefore do not determine the

lent response unier consideration.

5.4 Identifin* th-.j coefficients of the closed 1co_l. 
equation.

The coefficients Rt , Rrc>, Cc and CQ may be determined 
directly from the experimental data. The control coefficients
V  Abd- Ab!>- V  Aod 0,ld AC<1 are derived aft0r fi" examlnatlon
of the systems response.

The value of Rk) (= 1/Kb) if! dependent upon the peripheral 
klood flow or ‘vasomotor tone*. The steady state value, lor 
each value of T which was examined, may be calculated from 
the data in Table 4.10 using equation 5-2.

n / T - T 5-31 Rb - i/K, = •'L.-lU
“b

“here Hr = II - H.o m h
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