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j1lustrated in Figure 4.7 comprises the following basic

gteps:

2

3,
4.

6.

7.

ALl
printed.

compiling raw data into a file;

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

processing manual data;

converting all thermocouple readings to
true temperatures based on previously-stored
calibration coefficienta;

establishing a reference time base with zero
ag the time of entry into the climatic chamber;

establishing a baseline for radiation, convec-
tion and evaporation, based on initial and
final values without a subject in the chamber,
and converting radiation, convection and
evaporation measurements into true quantities
of heat exchange, taking into acccunt the
baseline and the day's calibration coefficients;

and

converting all other data such as oxy’en
doterminations into true metabolic input
heat and change in weight inte evaporutlive

heat loan.

processed experimental data are ptored and then
There are a total of %2 options to the programue

to allow for differ~nt types of experimenta. The options
are specified on the three job control cards handed In
With the paper tape. Muny of the options occur by default
if they are not specifiedl. Sume of the options are:




-4y -

Data read from paper tape and
translated into ordinary
characters.

Data cnecked for errora.
Manual and automatic data
separated and written to
different files on disk.

Manuel data processed and
stored in matrix file then
1 discarded {matrix in core).

Using manual data in matrix,
automatic data processed; two
types of data are dealt with:

y

Data of which only mean and ‘ Data in which all values
standard deviu‘i-n are vérsus time are required.
required. Data values are \ The data value ic scaled
scaled and runuing total of | and stored. ?
values and sguare values
are stored; actusl value
is not stored.

| At the end of experiment,

the data for baseline calcu-~

lation are computed and
At end of experiment, n;nn;mJ those data requiring base-
totals are divided by number line correction are

of points and this velue isg corrected.

stored., t

— i

| 1
Data stored in compreased
form on magnetic tape.

l

[ Data printn{;J

Data scaled for plotting.

Data p.lutted

FIGURE 4. 3.

rogram for processing data
tic chamber.

A flow diagram of the computer P
obtained from experiments in the clima




1.
2.
3.
A

5e
6.

4.5
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printing and/or plotting of graphs;
selecting data to be plotted;
point-to-point or emoothed-curve plot‘ing;

scaling of temperature and heat exchange
axes;

size ot graph; and

acceptance of new or old calibration data.

rime results

The information required from the results of the

experiments were:

1.

2.

3

5

6.

Because of the number of

envirorumental conditions;

transient skin, rectal and oesophageal

temperatures;

transient evaporative heat loss;

me tabolic heat input;

work rate;

the final steady otate temperatures; and

steady otate hent loss by radiation,
convection, the evaporation of aweat and

recpiratory heat loss.

experiments and the large

amount of data it is not possible 10 include all the
experimental res.lts in this text. The geries of

experiments which contain a numbe
one sample record illustrated in
Témainder of the records

r of records have only
the main text and the

are illustrated in Appendix 2.
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Results «f Series 1 experimentsg

Two resting subjects were exposed to a step change ,
in environment from an initial comfortable environment to ‘5
s variety of environments. (see Table 4.2, page 106 ).The
transient rectal and skin temperature measurements are
chown in detail in the Appendix, Figures A.14 to A.18. The
recordings of metabolism and the total neat loe:, that iz the

-t gl e

gum of radiative, convective and respiratory heat loss, for 1
the last two tests in a cold environment, are illustrated

in Pigures A.19 and A.20. Figure 4.4, page 108, is a

gample record taken from Figure A.15. The curve shows tre
mean 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 response
of the subjecte when exposed to a cold environment. The

curves are taken from Figure A.17.

The mean steady state data from this series of experiner::

are listed in Tatle 4.7, page 1ll.

Results of Series ¢ and 3 experimentg

Two subjects initially in an envirornacnt at A temp-
erature of 28°C, were exposed to environients at various
temperatures. After a period of rest in the tesi envir-

onment the subjectno performed work.

The third series of experiments was & repetition
of the escond series but in greater jetail. Because of

the large quantity of data obtained only a few examples

and A summary of the results are given in the text. The

first half, or resting period of the experiments are the

same as those of Jeries 1 experiment. Figure 4.6 shows

& typical graph based on data obtained in the Series 3

experimenta, The radiative, convective and evaporative heat
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exchanye components including the net heat balance, or
gtorage, are plotted. The radiation and convection
componente are relatively small because of the small
temperature gradient between the skin and the air. The
evaporative heat logs measuremunts determined by weighing
and by direct measurement are illustrated. The regulls
obtained by the latter method demonctrate 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 “*e¢ fifteen-pcint probe
guring the work period. Becauce evere gsweating by

the eubjecf, the harness tempers: . Jbes probably never
made -good thermal contact with ..e skin. The fifteen-point
probe measurement is accepted as being the correct value
of mean skin temperature. The rest period, following the
period of work in the third series of experiments, is not
illuct *ated.

Ficure 4.7 1llustrates the means of the cxperimen-
tal results obtained at three ambient temperutu{es and at
two work rates. All the skin temperatures are based upon
the f:isen-point scan measurement. It was found that
huzidity had 1ittle effect on skin temperature during
vork, unless the humidity was high, in which case the
evaporative heat lose was limited (Mitchell, 1972).

Pigure 4.8 1llustrates the means of data on evaporation
obtained in the experiments of which the results are
summariged in Figure 4.7. The ahape of these curves are

baged on the mean value of the rate of increasge of evapor-

ation, the mean settling time and the mean pteady state value.

Samples of the asteady state experimental data for
the case of one value of humidity and twoO values of air

velocity are listed in Table 4.8.

A g e el Al e D e S Rl S

N oo P
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geries 4 experimentol results

The first group of Series 4 experiments were
gimilar to Series 1 experiments in which a resting subject
was exposed to a variety of waia environments. Considerable
care was taken during the experiment toc obtain relinble
transiert temperature and evaporative heat-loss records.
A sample record of subject B is illustrated in Figure 4.9 .,
fhe mean skin temperature and the oesophageal temperature
were measured frequently with an accurate milli-voltmeter,
while the rectal temperature and the evaporative heat looso
vere recorded, It will be noted from the figure that “he
rectnl and oesophagenl temperatures are plotted on a

larger scale than the skin temperatures are. The evapor-
ative heat- loss record for tnis particular experiment is
illustrated in Figure 4,10,

e e e A i SRR

Further 2xperimental records are shown in Appendix <,
Pigures Azl to A25. Table 4.9 lis.s the steady ctate
data.

The second group of experiments in this geries
required various initial values of ambient temperature:
and small step changes ir nmblent temperature, Becaouce
of the small change in temperature and becauoe the vago-
motor tone does r.ot change in ambient temperatures atcve
34°C (Chapter 5) there recordo are not as impreseive as
the previous records j.lustrated above. Figures 4.11and
4,12 are typical recordi. Table 4,9 lists the stendy
state data,

Series 5 experimental resgults

d by transferring them from
jon room to a comfortable

Two subjects were coole
a warm environment in the preparat
environment in the climatic chambers
at three initisl room temperatures and two climatic chamber

air velocitien, The mean skin and r

Teats wei'e conducted

ectal temperatures mnre
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gumparised in the graph. in Figure 4.13. The upper curves
represent data obtained when the subject was cooled in air
with a velocity of 0,67 m/s 2nd the lower curves the data
obtained when the subject wag cooled in air at a velocity
of 3.11 m/8. The subjects had not ar<ained a steady state
terperature after a period of two hours in the climatic

chamber. In order to determine their true steady state

pody 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 mean steady state temperatures are shown in Fiwure 4.17%.

{
ol
!
'!

The detailed experimental records are given in appencix l,
Figure A, 26 .

No evaporation of sweat was detected in elther of the
experiments in the climatic chambver.

Sgrieg © exgevigenwl regults,

A short experiment was designed to measure the rate of
decrease of evaporation of sweat from a subject after he
had been subjected to s sudden change from a warm to cold
environment, such as in Seriea 5 experiments. A mlcro-
hygrometer record is given in Figure 4.14 . Trne recorder

scale was not calibrated sc that it merely shows the

relative change in evaporation with time.

4.6 The temperature regpo ge 0.4 regting man in 3 _wall
gnv;:om;ent

Since the 3eriea 1 experiment, the first phase of

Series 2 and %, and part of Series 4 experiments exposed
different subjectsto the same environment, it 1a worth

combiring all the data and all the transient records to
obtain one mear transient temperature curve for each

énvironment.



- 10y -

the steady state data of each subject and the calculated
pean values, for four values of environment, are given in
fable 4.10. Figure 4.15 shows the steady stute vulues of
rectal nnd akin temperature for all the experimcnts with
an air velocity of 0,67 m/8 and the air temperature ranglny
from 28°C to 49°C.

Figure 4.16 shows four curves which represent the
transient reaponse of man when the air temperature is
increased from 28°C to 32,5°C, 35°C, 40,5°C and 49°C.

Thcse curves represent the beat fit to all the transient
data taken from Series 1,Z,3 and 4 experiments., The initial
temperatures of Tr and Tg are taken from the mean valueg
caleulated in Table 4.10.
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TABLE 4.2

E;ggr;mentu; conditions for Series l_experimentsg

Initial air temperature of preparation

room = 28 °C and still air

Wind speed (m/s)

Dry-bulb Mean radiant [T 1 i \ o
temperature | temperature |Y,07 | 1,271,861 3,11 |4,94
(°C) (°C)
Experiment numver
12,8 12,8 i ¢ p, “ -
23,9 2% .9 7 8 10
75,4 35,1 11 12 13 14 15
40,4 40,6 1t 17 16 19 20
49,1 ! 49,0 21 22 2% 24 2%
S I |
Water vapour pressure = 10,5 #& 3,1 mbar

Experiment time gchedule

) sreparation | Rest in climatic
e o 1nr20;p chamber
| —
0 to 120
Time (minutes) -60 to 0
e




- 107 -

TABLE 4.3

Experimental conditions for Series 2 experiments
—————

Initial air temperature of preparation

room = 28 °C and still air
Work rate (watte)
Dry-buldb Mean radiant | .. .
temperature tempgr?ture i?:/gseed 45 79 113
(°C) (°C :
Experiment number
12,9 12,9 C,67 1 2 3
3,11 . : ¢
24,1 24,1 0,67 7 8 g
3441 10 11 12
34,9 35,0 0,67 13 14 15
9 B ¢ 16 17 1
43,3 43,4 0,¢ 19 0 2l
“"11 ¢ 23 2“'
Water vapour presoure = 11,6 ¢ 3,6 mbar
Experiment time gchedule
' Wwork in
Rest in Rest in A :
g ) rlimatic
sreparation climatic .
e }rbproom chamber chamber

160
Time (minutes) -60 to O 0 to 40 40 to

_— .
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TABLE 4.4

Initial air temperature

of preparation

room 28 °C and still air
Vapour pressure (mbar) 20
Work rate (watts) 45 | 113
Dry-bulbd Mean Wind
y=>8 radiant anA Experiment number
temperature £OLIPH IR LTS speed
(¢)
|
23.9 l‘?f"‘ C‘"“{I 1 2 - - - i -
3, 3 4 - - - -
29,9 30,C 0, 6 9 |10 - -
3 7 8 11 1l | = -
b |
34,9 35,0 0 23 |1 |17 |10 per a2
34 15 1€ 19 20 | 23 4
t ) ‘_‘l ’.0 "."S -
40,5 40, 0, 5 26 9 |
3 o7 | o8 |21 | 32 | %4 -
I !
Experiment time gchedule
Rest 1in Reat 1in wWork il‘l l(e;h_:t,. h:\ ‘
Place «1‘ r;ru tion climatic climatic ~] w.nt. 11(.
pr‘f"OOm chamber chamber chambex
- : 3 180 to 270
"ire (minutes) | - 90 to O 0 to 90 |90 to 180
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LADLE 4.°

(Climatic chamber air velocity = 0,67 w/n)

T

<
@
ol

Reat room

Climatic chamber

Subject | temperature
l}ncz dry-bulb | wet-bulb
Oc DC
T — o8 325 19
P —
g 28 35 19,4
A . o |
T-— €3 . ) ] ‘;‘
g 28 40,5 21
A " = )
B e u_" 20
g 28 46
g 2F 49 24
A
A
El
I.\
‘t.x
A

H 5L »Ut: o AH:L?L:E er 'BF o w"%ﬁ 2

52 ,5 1 40,° !
V. 'c 44 - A
y 1 - d“C ,"’_, ¢ 1
3] 2% 49 24
- 40,5 21
Bxperiment time achedule
Rest in Rest 1in !
Flace preparation climatic r
room chamber
o 3
Time (minutes) | =120 to 0 0 to l?O_J
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Ex;vrlmentul conditions for Serieg 5 experiments

—
 initial conditions Chamber conditions
i prv-tulb and mean Dry-bulb and mean Alr
weyd i sarn? " emype€ !‘.’:Yll!‘ﬂ Y‘ud i!lnt temp(’r‘atul‘e V(’IOCi Ly
| °C) (°C) = 28 °C (m/s)
experiment number
| .C ) X 0167
2 7,11
L] ) b ;
12, 3 0,67
4 3,11
i 33, - 0,6
, 3,11

ter vapour prescure + 10 mbar

Experiment time gehedule

T Rest in Reat iq
- preparation climatic
room chamber
s
Tine (minutes) - 90 to O 0 to 150
—
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A suzmary of
the four temperatures 28 °C, 35 °C, 40,5 °C and 49 °C
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TABLE

4,10

all the experimental steady-state results for

S bect‘ T T T { " 3 17 ‘. |
T‘ o : T 0 *m PL H!‘ HC '{e “m‘ ’io'..4
E poec foec e oW W W LW P
A | 33,15 36,7 | 36,35 |92 | |
} B | 32,25 36,6 36,5 | 80 | |
| > | 32,3 36,7 | | 92 |
| 28 M 32,2 |%6,8 | 88 ;
! E 32,3 | 36,5 | a5 | ,
¥ 30,9 | 37,2 |37,2 48 i ; ;
E 31,7 36,8 |36,6 88 i 5 { ;
N 3000 ‘13605‘ -ﬂ“ob | 95 | i i { |
MEAN 31,8 | 36,75 | 36,65 91 1 § .
84 | 0,87 f 0,211 0,32 5,6 | | _ |
3 | 350537015 36,8 | 83 10, 0 0 m |
» ! 35,0 |37,0 80 | o0 (130 |
35 X P 35,5 | 37,4 | !
| B | 35,1 [36,9 |36,8 95 | 8/10 100 |
| W | 35,2 | 37,1 36,9 90 5,5 |65 |
' | B | 35,2 [37,0 ;36,9 85 | 01 3 0 |
L.t ® | 350 {37,4 37,2 15 | ol5 a9 ;
| NEAN 35,1 [ 37,13 136,89 | 91,4 | 10| 2,6 3,3 |97 197 | 109,
M 0,24 | 0,18 | 0,16 ' 11,65 {34 2,7 (82,0 |
+ , !
A 35 05 | 37,35 | 36,8 | 105 | 32| 59 61 [183
B 35,% | 37,25 36,7 89 | 12 | 40 38 |20l
| D 5,55 | 37,4 | 95 | | 55| 40 |1%0
40,5 M 35,55 | 37,45 | 70 | 50 | 35 [150
E 35,5 [ 37,1 | 95 3% | 15 {200 |
M 15,3 | 37,5 |37,5 | 99 50 | 35 |240
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AN BXAMINATION OF THE THERMAL RESPONSE OF 4 RESTING .

N E D TO A HEAT STRESS |

P Nomenclature é
5.2 Introduction

9.3 The closed loop transient equation of ;

the thermoregulatory mechanism S

5.4 Identifying the coefficients of the 1

closed locp equations |

3

5.4.1 Proportional contrcl initiated from {

4

i

the core temperature

5.4.2 Proporticnal control initiated from the
core and skin temperatures

5.4.% Proportional and rate control

5.5 Summary

3o YA < Ao | ot




5,1 Nomenclature

a, = 8 constants

A: peripheral blood flow control gain initiated by T,
Ao peripheral blood flow control gain initiated by T;
Abd peripheral blood flow control initiated by de/dt‘
A, evaporative heat loss control gain initiated by T
Aes evaporative heat loss control gain initiated by Té
“d evaporative heat lose control initiated by dTS/dt
A, metabolic control gain initiated by T,

Ams metabolic contro. gain initiated by TS

c, core thermal capacitance (J/°C)

Cy skin thermal capacitance (J/°'C)

Gland 62 gteady state transfer coefficients

i rate of heat flow between core and skin (W)
Hb incremental change in Hn (W)

He rate of heat loss by the evaporation of sweat (&)
H rate of heat lose by respiration (W)

i, rate of heat loss by radiation and convection (W)

i total metabolic heat production (W)

L. jncremental change in metabolic heat (W)

K, {nternal physiological cenductance (W/°C)

L heat transfer coefficient for radiation and

convection (W/'C) ?

]
&

pland Py poles (or rcota) of the transfer function 1

< substitution coefficient !

R substitution coefficlent i

Ry internal resistance (*e/w) *

ch recistance representing radiation and convection

heat loss (°C/W)




Laplace operator

5
¢ time (seconds)
tp time at which peak skin temperature occurs (secunds)
Ta air temperature (*C)
core temperature (*c)
To oesophageal temperature (*e)
Tr rectal temperature (*c)
4 gkin temperature (°C)
T steady state incremental chunge in temperuture ('C
T, and Tyq threshold temperatures (°C)
AT small transient temperature component (°C)
v air velocity (m/8)
z roots of characteristic equaticn

o,p and vy exponential coeflicients (eeconds’l)

1aand vr. time constants (seconds)

i

p 1% Introduction

The thermoregulatory problem wag defined and btoth
controller and controlled system analysed in Chapter 3.
The next task is to decide on the number of segments with
which to represent the controlled evstem and then to derive
the closed loop characteristic equation expressing the
dependent variables in terms of the independent variables.
Having established the equation, the coefficients may be
determined fro. the experimental results.

The response of the simple model is compared with the

experiments mede in the climatic chamber. By examining the
¢losed loop equation and the model's response it is possible
%o clarify the function of the control actions.

This chupter will examine the response of a resting

I s O e P i

S AR e ORI I AL
e S

|
|
|
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mw1exposed to an increase in ailr tempernture. A chango in
air temperature is chosen in preference to a change invulr
velocity orT humidity as the body is more sensitive to
changes in air temperature,

5,3 The closed loop transient equation of the thermoreg latory

sgstem.

As mentioned in Chapter 4, the first tests in the climatic

chamber always commenced with the subject exposed to the

came initial ambient temperature. The magnitude of the
disturbances were increuned with euch test and therefore

the bounds of a linear response were exceeded. It wac lster
that the author specifically designed experiments in which
the magnitude of the disiurbance 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 ol a resiing man subjected to ste;
changes in air temperatuve. The curves represent the mean
temperatures which were measured in the Series 1, 2, 5 and 4
experiments, described in 3Jec. 4.b. The oesophageal temp-
erature is not included in the data presented in this 1llus
tration as the rectul temperature 18 couaidered to ce a
better indication of the dynamic core temperature on

of its large thermal inertia.

account

are typical of a differential

The simple smcoth curves
A second-orde’

equation with at lenmst two complex roots.
transient transfer expression relating either
temperaturi ¢ to the disturbances iag therefore ex
the controlled system repreaented by two gegments. A first-
order expression containe only one time constant and will
not discriminate between core and skin temperatures in the
controlled system. Use of u higherl order equation will make

the analysig unnecessarily compléX.

skin or rectal
amined and

g B
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e

e e
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Consider the cylindrical model of the body illustruted
in Figure 5.0. The cylinder contuins two concentric sections '
pepresenting the core and skin; the tempernturcs of these 15
gections are Tc and Tn respectively, Metabclic heat, Hm. is
generated in the core and transferred to the ckin surface by b
conduction and vascular convection. A gingle apparant i
conductance Kb (= l/Rb) will represent the gource of the f
temperature gradient between these two sections. If ?i
Hyt 8 Hy ig the rate of heat transfer between the core and |
the gkin, then

Hyt oy = Ky(Tgm Ty) 5-1

-

= l/Rb(Tc- Ts) Dl

The radiative and convective hent transfer between the skin
and the environment is given by equation 7= 28 as

Huo © Krc(Ts- Ta) -3

L1/R, (T - T,) 5-4

-y e YTty oW A

where K. = (6,02 + 7,35 Vo'é)(surface Area) 5=5

T™wo control actions occur in a warm environment in order
to reduce the thermal stresa, These actions determine the
exaporative heat lona,He, and cause a change in the rate

of heat transfer between core and skin, A}Ib.which is i
ow (vasomotor tone). ’ '
and Tq. Agsume “hat

TB snd the rate

due to a change in peripheral ploecd f1l
The control actions are initiated by Tc
the control actions are proporticnal to T
of change of skin temperature dTB/dt.(refer to section 3.4).

ay be reprecented by a
n is confined to a o

The control characteristics m
linear equation provided that the equatio
8mall range of temperanture. Therefore

8 = (0o ) ar
o = (T = 2 )R, + (T-Ty)hgg * 28 Red

and |
8H, = (T D, YAy, * e |
b o TAy + (Tgm Tyg)dpg ¥ g% “hd |

5-b

. ————
(e
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yhere Ay 18 the control sensitivity between OH and T

i . ., . c
bs ) Afﬂ)and T,
Ay ! . “H and de/dt
A, ' " " H, and T_
Ao : ! y H, and T
Aeq " " " H, and dI_/dt

with tle exception of the muptiplication term, which is
considered later, the equestions 5-6 and 5-7 ure the same as
the controller equation 3-12., The coefficients Ay Ay A
and Aes represent the slope of the particular section of
the curve and Tt and Tts the intercept of the straight line
if 1t is extended to cut the temperature axis. The terms
Tt and Tts do not represent & set point.

The closed loop transient temperature expressions
describing Tc and T8 in terms of a small step-change in Ta
@ay now be derived using equations 5-1 1o 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 flow
diagram and the closed loop equation are given in Figure 5.7
The analysis is in Appendix A4 . At a first glance the
trausient expressions are complex,out they are, in fact,
second order equations with the same form as equations =2
and 3-3.

The equations may be expressed as

Gy(8 + vy) -
BT (8) = = AT, (8) 5-1¢
DL + QS + R A
G,(a8 + ) )
B 1 Y ATH(S) 5"‘11
(8 +o X8 + B) v
and
G,(8 + vy ) )
BT () = : AT, (8) 5-12
8 + Qs + R
- G,(8 + yu) -
= 2 Y2 ATB(B) 5-13

(8 +a)(s + B)

R TR

Gl s s W g 2% 1w

Re=rie s dns C S

[ ———
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~Apg
where Gy = FTT 0 1 4 - 5-14
re’e’s (Aed- Abd)/c-;y
Y, - (1 - RbAbs) 5-15
ApaRy,
G = l ~_ 1%
) RTCCS(l N (Aed' Abd)/cs) e
1+ RA
Y, = b™ b N
-—ﬁzaz-—— 2=17
(Rb*ch*Rbch(Aes—Abs))L'c+ (ch+AbRbch)cs+Aedch+
. Rbch(AbAed-AeAbd)
Q= =15
n o ( -
Rbch“c“s(l * WReq Abd)/cs)

1+ RbAb * RTC(AQ* AGS) ’ Rbch(AbAes- AeAbB)

R = 5-19
RpRpaColpell + (Agy- Abd)/ce)
L -8 J;["- 4R 5-20
<
s - Q= Yo' a 521
2

[ -

If T (3) ie a etep disturbance of magnitude AT then
a
it is represented by

f . 1 m S=22
M (o) = = & I=cc
bﬁa(“/ =~ Mg

-~

in the above expressions.

The numerical solutions of the cloged loop equations
5=11 and 5-1%, which give the 'real time' value of AT, and
ATu are obtained from the inverse Laplace transform tables
(Holbrook, 1999) and are given by

Tc(t) = (a, + nye—"ti u,e‘Bt)ATa o
ahd

_ -8t 5-24
Ts(t) = (a, + a,e at, nge B )ATu
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where @y = Gy Yy / o 5-25
a, = Gylo=v,)/(a(p =0 )) 5-26

ay = G,(B = Y, )/ (B~ - ) 5-27

a, = G,Y,/0B 5-28

ag = Go(o =Ys)/ (B - a)) 5-29

a, = Go(B = Y2)/(B(o - B)) 5-30

Both AT (%) and AT (v) consist of a stead; state

increment and two decaying exponential terms, The ac*ual
valuesof Tc and 'I‘s are given by the transient values plus
the initial value before the step change.

The coefficients requiring identification are Ab’ Abs'

hoq hgr Aoor Agy Cc’ C_J, ch (= l/xrc) aund Rb (= l/Kb).
Note that the terms T, and Tt‘, do not appear in these
equations so that they therefore do not determine the

magnitude of the transient response under consideration.

5.4 Jdentifing the coefficients of the cloged luop
eéguationy

The coefficients RL' ch, Cc and Cs may be determined
directly from the experimental data. The control coefficients

ar are ved after an examination
Ay Ay oo Apgr Agr Agq ond A are derivet

of the systems responses

The value of R, (= 1/K,) is dependent upon the peripheral
4 o~
blood flow or 'vasomotor tone'. The stendy state value, tor
each value of T which wap examined, may be calculated from
2| ) ) .
the data in Table 4.10 using equation 5-2. hat 18
o~ Ty 5731

b ——

Hy

Vhere = —
Hb Hm Hh



Author Atkins Arthur Reginald
Name of thesis A Study Of Temperature Control In The Human Body By Experiment And Computer Simulation. 1975

PUBLISHER:
University of the Witwatersrand, Johannesburg
©2013

LEGAL NOTICES:

Copyright Notice: All materials on the University of the Witwatersrand, Johannesburg Library website
are protected by South African copyright law and may not be distributed, transmitted, displayed, or otherwise
published in any format, without the prior written permission of the copyright owner.

Disclaimer and Terms of Use: Provided that you maintain all copyright and other notices contained therein, you
may download material (one machine readable copy and one print copy per page) for your personal and/or
educational non-commercial use only.

The University of the Witwatersrand, Johannesburg, is not responsible for any errors or omissions and excludes any
and all liability for any errors in or omissions from the information on the Library website.





