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FoF « TAYLOR,

ABSTRACT OF THRSIS

SORTPMAL COMPORT STHOATIONS AND PHYSIOLOGICAL RREACYTONR
IH RELATION 70 VARIATIONS JH INDOOR CLINMATE."

The presant study formed part of & programme of resesreh on
roquirencnts for canfort and health in houses of modern designe
It 48 particularly cencernod with the ehanges in sir temperature
and Neddity which may arise in dunl parpose living reoms during
the performance of family olothes washing, the physielogical effects
dmm.,»w«mmmmﬁuummm
necessary for the contrel of roem climate and the prevention of
thorval discomfort, exeessive Mutigus and heat stress,

In view of the widespread use of gas wash bellers in houses
end the fwet that suoh applinncen are ecmsonly inntalled witheut
flues for the removal of exdess heat and the producte of gam -
eambustion to the outalde sir it was decided to carry out fullesoale
oxperiments in a roem of wodern type apacially construoted for mueh

- The early part of thia investigation dealt with the development
of physioal methods for the rapld assesseent of changes in roon
olimate and the application of those metheods %o studying the build
up and decny of temperature and wddity An rooms when a gas wash
bholler is oparated assording to cowson practicas Data obtained
indlonted that o mindmam aly change rate of appreximately 10,000 cuble
fent per hour, namely 18 roon alr changes are necessary for the
naintenance of o oonfortable working atmosphare in a room of 1,000
oublo feet caprolty whilst dmestie washing operations are in progresse




These expariments ware followed by &« physiologionl and physiead
useretant study in which techniques were developed end used to assens
the sirculatory ohanges and subjeotive remctions of & mucher of
housewives whe participated as working and control mubjootss The
rosults reinforeed the findings of the .mmtwy_ physisal investigutions

Finally, & serles of controlled experiments were sonduoted on &
mpber of subjeots in an alr conditioned reow to test the velldiyy ef
@ corvelation betmesn the thyslelogioal indices employed in these
user=tant oxperirents o Astoss thermal stress, namely, the Crampton
Index, the forehsad skin oonductivity and the subjeotive thermal
sensatlons of Leat, moleturs and freshness with the envircmnental
thermal conditionss The effect of the perfoymance of ruseulayr work
on the changes in these indloss was aleg deternineds The findings
lent full eubstantintlon %o the cenelusions drawn from the weer-test
Mhﬂmuﬂum. S abd :

: mumnmmmn-m«m
in whiech the demestie yeutines adepted by & maber of houpswives
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Introtuetien

Threughout life men 4s subjested to wariations in outdoor and
‘mioor elimate which influence phyeiologieal processes and eveke
sensations of themal oomfort er disconfort, or fatigun,

Problens of egufort and health m dwellings are not enly
momd with the detemination and mm of indoor climatio
conditions wileh satdafy physiologieal and payshologleal requirements
during leisure hours, but must alse inolude the centrol of envirommental
factors which affect thome members of the family whese dally werk
entres in the homee Tius in the case of the mether with & funily of
Mwlﬂﬂomm”ﬁﬂmqumomﬁqoth
and the washing, drylng and irening of clothes ereate problems of indoor
Mommwwmuammmmmwmmw
onuh. QMQ At times the weathor may assist or hinder performences

Whem eperations of this type have to be earried out in emll roems,
suek 68 & kitohen annex or & living room kitehen vhich sexves a dual
purposs in many houses of modern design, chengen in rou slisate may
MMW“%MI“QMMM“WWV
wmucrm;nppumuunh fxoenalve heat, hwddity snd
Mm;ﬁnunumwm“ﬂ
uwwmﬂmmmmutMNﬁo products
ummummumummum
mmmumm&um:mumm
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then notive musoular werk is perfommed, the individual's rate of
body heat production incremses considerablye Physielogieal requirenents
for body temperature control dersnd thet the rate of heat leas should
correspond with hest produetion and any substantial rise in the
temperature and ol dity of the air may csuse sensations of thermal
dissonfort and stresss The present study is concermed in partioular -
with the shanges in room olimate dus to washing eperations and thelr
physialogioal effeats on the cocupants.

The extensive surveys which have been ourried out in industry have
demonstrated the relationsidp betwesn the thermal characteristics of
the enviremsent of work, rhysioloploal reactions, subjective sensations,
accldent incidence and output, bus es yet it eppears that reseurch of
this type has not been fully extended to the home enwirerment, However,
SaCe A% and Jole Bray'*/(1540) e Purdue University, oarried out e
researeh grograowe for the Aparisen Gus Assooiation upen the problem ef
home humddlty ommtrols The objeots of thelr rescarch were to detsrnine
the warious scurees of water wapour and the relative importence of esch
withdn the home, snd possible methods of molsture sontrole

In shelr investigations the living habite of the average American
femily of four ware studieds They wers able to show that as mueh as
55 1bse of water wapenr were Adbsrated on & wash daye They studied not
enly the intermittent, but alse the oconstant seurces of moisture, |
olothes weahing and drying, coeking, floor mopping, the hiusen eombribution
and evan the effeat of the presence of house plantse Jn sddition they
showed that rates of from 150 %o 300 ene £ts of alr removal por minute
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mffiosd to provide affective molstire control when e ventllating
systen was placed Sn e Dwediate vieindty of the domestie appliances
untds

WoTs Hiller and Pyl Morsa'e) (1550) mlno working at Purdue
University, have publishiod & lletin disouasing the sourees of
nodsture in homes, the dusge and meintenance cest that severe noisture
problems csuse, together with aome recosrwndations for solving theese
problemse Thelr studles ware \ndertkan beosuss many conplaints had
heen nade by realdents in Indiana wio were spanding theusands of dollars
onch year becaune of axoessive meisturs in their houses.

ldttle, 47 sny, attentlion hms however been padd to tha porsenal
resotions of the inlividuale whose damestlo resyonsibilities require
them 46 worl \hier hanging Sonditions of SeAperature snd humdddty which
stimilate physiological resotions und give rise to senmations of theraml
Aisommforte Subjeotive sensatiens of heat, molsture and freshness and
hysinlogieal remnotions, such an sweating and eireulatory echanges while
warking under such conditions should provide a solentific basis for

That the need for the apecial centrel of heat snd hwmidity in
kitohens has been realised s ovident frem the fant that in Post War
Pullding Studtes Moo 19(3) arewm up by the Meating and Ventilating
Genmd ttas of the Puilding Research Reard and the subsequent Codes of
Prootieets) (9) the following resarwsendations for kitohen elimate were



lye

(1) STemperatures A sinimm equivalent temperatupe of GO°F,
| No upper Jmit is stated for emfart end physlelogiesld
woll=belng whilst cooking o washing ig ln progresse
. (u) fwmiditys Adoguate ventilatien, preferably eontrelladbls,
ghould be rrevided to keep the mamldity helew 708 at all
(434) Ventilatione Thilet eocking for nok more then six persens
. 4a in operation & mintmm elr change rate of 2,000 euble
faet of sir por hour is reccmsended, It is further
mggested that solid fued fluas shiould be provided in all
_ kitohang to reduce the penetration of odeurs and stesm to
othar parts of the house,
mmm prosent Anvastigation 44 was deelded that in
the firat instance 1% was nesessary %o survey the metheds avelluble fer -
the asnessmant of the physioal characteristies of mmhuu i
detorning experimental techniques whieh oould be carried out without
interfering with the reutine performence of speeifiec demestie tasks
by the werking subjeckse It was also essential %o review the techniques
thone appropriate for the purpose of the dmvestigation bearing in mind
that these should invelve mindmun distraction or disturbanse to the
sibjeotss Wt ieenlind 55 wrtous Syoeks IR 5 Sk
Mhﬁﬂﬁlﬂﬁtﬂﬂ%ﬁ!mﬂdﬁ»ﬁ#
MMWQKMMMMN”M&M enoking and
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washing which are installed in houses of modern design, it was clearly
essential $hat the experimental work must be earried out in rooma of
the type snd sise approved by housing sutheritiess Fortunately three
roous of the type reguired were available at the Fleld Test Unit of
the Fuilding Ressarch ftation, and 4t was decided to use the centre
rean, Fig2l, for the experiments as it was & living room kitehen in
vhich washing and ecoking applisnces were already installeds

I% vas ascordingly plamned te carry out the prograwe of research
in the follawing stages: |

() Physisale The investigation of methods for the rapid
assesmaent of thermal changes in the room olimate, alr temperature,
el dity, nemn tenperature of swrroundings, air movemant and ventilatione

(31) Pllot experiments with working subjeots to detersdne
appropriate techniquas for the assessment of their physiclogieal reactions
and subjeotive thermal semsations during the performance of specified
doneatic taskse Those pilot studies would include the use of physioal
mathods determined in Stage (1).

(4i1) Yull soale User<Test experiments with working und contrel
(resting) subjects to determine the relationship betwesn changes in roem
olinnte and the physlelegienl resctions und subjeotive thersal sensations
of the suhjeatse

(iv) Laboratery experiments in an eir conditioned room with
tenperature and hmldity oontrelled at various levels in order to tost
the wmlidity of the cerrelation between physielogioel resctions,
subjestive sensations and the changss in ream elismte, indieated by the
findings of (114)e '



(¥) 7iold murvey in housos nnd £1s%8 $0 collect data of tho
mummumwmmmnum

-

B wmlel AU EENEY PhREM O% T R T W T TR TS A A -,

Bl ey,  BalPes 8 ghodr oF dariaiem) AR e 0F

Mepapnil & epgenilont and SERbRL 02 REGETEUTR Tearali Mk ey et

{

i‘wh Wb “”'3"'&’1’3".;;*#&31 Parglewe aonie Ly wRiay bePes, L ot aentiinl @
i :

&a% .ﬂ'ﬁ‘ RAvn % Sppaey g}a; et arals FRrIOhE A keewwendaly oengsies
LA@ &Wv s ey *wa bk inoildd ey et sevarsde
ﬁ‘é‘@'& %ﬂﬁf‘;m‘ﬁmﬂ mw L f.é.::?f‘ivm_s'ﬁ,ﬁ e Berr vnams ey e

e} W s u="wew %m Mylmrv Wk tmd maeas sl (ke nceaeivy far
o dng m“"x\s @5 perata perRews wlhaizaie Hw wee »_;rs;’%‘ s gm
»W‘*"*"‘Mn AR Amcademand ham Yevas wEAR) 3 cdod Lo e 4 - <23
eméaw Bew ke r;a&;‘;kmh‘x@ é‘w waaragling dew Tepiieal ca aws,m% :

,ammaw w{ tﬂ-}@“"‘ﬁwﬂ wm i ,’ww m R “ ¥R o mw ’,

WﬁWWM w ¢ e mmwmw




Te
CHAPTRR 1 |

™ho development of & tachnigus for the rapld
gammf g? ToOr 0limete

Introduction
The preliminary phase of this inwatigation was of & purely

physieal natures Bofore a siudy of wariations in roce climate due %o
domentie eperntions and ohanger in aubjestive theral sensations m
related physiologieal roaotions oould be wndertaken, it wae nnatul %o
d-nm and dmlop apparaing which would rapidly nw! aostirately mesasure
the dmem h tamperatuare and hunldity that osocurred,

g fuch determinatione are mude ALffievlt in many canes m the
u_ou;‘ methede eamnot be employed, ldmited apace and tho negessity for
wtng mdinca nt mto cornars eliminate the wse of the alm :
W. Thie instrunent hus been widaly used in mlmm
mun Int in unmamh for uwaum, the mx and horisontad
«ummum of tmporatures and huniditdes 1 & mall room or xao-uu;
mmmnmAmm.Muamwmmm
1% asts up 15 also not suitshle where 1t is sssentiel to maintaln =
Mmmwmm maumoturmh Trandd mw
mmmmumu functioning en the prineiple of the
wariation of electrionl cmmnv of oertain hygroseople materiale
rw uwanuun ol ALy may be used toamu
mmm,mmmmz-mmmumm P
mmumnmwmmmmmmu i
mmum Thie mhumlﬂpﬂmm tinee L1t was
-mu&asmu»amummwu ;
mumnmﬁumu-ammxym mmm
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furthornore & separate slement would be necessary in the oase of the
Jatter technique for the determination of the dry bulb temperatures

Thearefore, the oroblem was %o develop a remote reading method for
neasuring rapidly both the wet and dry bhulb temperatures from robust
and ensily reproducible alements situated at seversl pointe in a room.
Such & mt.mddmﬁuba linked %o a single measuring undt and
thorefore the possibilities of using a mumber of thermocouples connscted
twough o reference jJunotion snd a seleotor switeh to & potentiomoter
wis oonsl dereds

In 1969, e Griffithe, Joie Vickery and N.Fe Holmes'®) used a
psychramater consisting of thirty-three wet and dry ecoppereconstantan
tharmooouple junotions sonnected in series as & renote reading method
of observing the hwsddities obtaining in cold water storage holds en
board shipe Mo OkndalT) (1931) and Jote Lanning'®%(1932) nave nlse used
tharnooouple cireudts for the assessment of humidity distributions in
enclomress Howsver, move recantly, Fo Pasquidd(¥%(19i9) developed a
technique for assessing the wet and dry duld temperatures in a study of
humidity profiles above ihe ground in certain agrisultrual experinmentue
The slenants had to be robust for fleld work and such a requirement
prohibited the use of the fine thermooouple wire. Conseguently he used
28 gauge sopper-constantan wires It has been shown (R¥, Powed3(1®)
(1936)) that the need for forend ventilation of the wet themecouple is
inerented as the dlsmeter of the wire used in inoressed and thet errore
In the wot bulb temperature of the order of +0u6%F. ure introduced by
using the still adr wet bulb depression for wires of this dismeters
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In erder %o achiewve sufficient aspiretion of the elements they
ware placed inslde eylinders of small dleaenters, By this wethod an
alr velocity of at least 2 meters per second past the themoeouples,
wilch was needed %o give a mexipum depression, was ebtalned with little
displacenent of the ambient air,

Taerefore it was deoided to adopt such a toclmtquq to minlmuse the
alr diiplumt due %o sampling for surveying changes in room
tazporature and humdditye

() Thermocouple eirevit

To faeilitate sasy eonstruction of the wwitehing oiroutd, 32 geuge
coppor-constantan themoeouples were useds The terminsle of the
potentioneter ware of copper which necessitated eopper losds o elinmdinate
spurious sourens of aumafs If peirs of wires, exoluding copper were o
be used in & system eomteining N thermeseuplen, then (¥ 4+ 1) reference
Junctions would be necessary. However, with copper as one material
m«wwmmmmnm.
drrespestive of the wmber of elements reguireds : :
constantan wirea soliered into & brass "pot", awrging frem which was &
single sonstantsn wire whieh foreed & reference jrnction in melting dee
with & copper wiree This lead, through o petentiemster terminated at
the centyal pole of a six-wy switohs The six eepper lends Reaving the
switoh ware ailvaresoldered to six peinve-en éne sids of u trelve point
pluge Soldered %o the remaining six peinty were the aix constanten




10,

vires fram the Brase "pot". This part of tho eireult, whieh ineluded
the petantionater end referencs Junetien wae contsined in & bhox measuring
£13" x 10" x 12", In this way the ayparatus was portables
Te the other side of the plug were soldered erix copper snd slx

congtenitan wiren whieh formed the measuring thermsooupless In all, foup
such plugs were made up, Hwo with six foot leads snd two with twelve

foot leads, The twe slaments were silver soldered together to give a
sirong junotlion,

Calibrations It war found necessary to anneal the couples by fsnersieon
overnight in boiling water snd this procedure was repeated on several
consecutive days bafore consistant ealibratione were obtuined, %The
aouples were ealibrated in olroult with the reference junctien 4n

rolting 1ce and the measuring themocouples Limerssed in a thermos flask
eontaining vater, the temperature of which togather with that of the
roferance junction was detormined by stinderd imversion mercury-ineglass
thormanebers, Therme electris e.n.f's, were recordsd at 5°°, intervels
from 32°7. to 107°F. for el twenty four eoupless

The calibration was linear over the useful semperature renge of

L0°7, to 90°F,, the therme electrie auefe belng 0,082 millivelts per OF,
Sonsitivity, No movenant of the galveanameter needle of the potentiometer
sould be deteoted by eye fer o movement of the fine warisble resistance
equivalent o 0,0025 millivolts in either Airection, Thus ench readng
of temperature was subjeos to an errer of 20,107, '
A mecessary precsution, which invelved a deley of fram one to two
rinuban was neevnsary ench tma & diffarent plug of aix ecuples ws
snserted in the eiroulte Thin was S0 ensure Wt f & temperatire
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pradient axisted across the two oamponemis of the plug it would have,
for all practieal purposes, approached zero, thus eliminating &
porsihle spurious source of alectronotive feoree prior to taking a
garion of six readings.

(») Zhe Mot snd Dry hab Flements,

- A method was ovelved ineerporating the main prineiple of Fasquill's
mothod tut which made use of ready made, easily avallable and robust
somponents, It eonsisted eswentially of & rigidly supported whirling
hygremotor with & themocouple attached Yo the bulb of the 1.0,
tharnemoter and & second thermotouple innerted %o a desth of 1 ome
(greater than 50 times the wire diameter) betwesn the bulb and the wetted
wiek of the W.B, thermometere The olaments were placed ap near the plane
of the ollfptioal orifices, which neasured £ e by 0.5 om., of a glass
Yeshaped tube, (dlammover 0475 eme); which through & longth of rubber
tubing was 1dnked to an slectrionlly operated Awmmann psychremeter the
fan of which provided tho nesessary asplretion of the olememts, This
was & relatively simple mothed for the remote assessment of wet and dry
buld temperaturen with the advantage that in the possible event of &
eould penort to measuring the temperstires fram the normel mmll thermo=
moters of the whirling hypronstors Further tosts showed that sufficlent
ventilstion conld be achieved by the fan of the Asmmamn psyohreneter for
the sisultanecus Aaplration of Gires such elanents, The souples were
sloctrionily Shmiated by the appiieation st the Junoblon of & dilute =
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for distilled waber and the nomal type wicks supplied with whirling
hygranetars were wsed and in thie way the wot slanants eould be kept
moist without atbtention for at least eight hours,

The fmissivity ef Dry fulb Elemente A selution of aoetone and nieol
label varnish was used as an Wuhwﬁ b;uun & very thin layer "mld
be applied and in this ﬁy. its ufpliuﬁm aid not luhvri‘nlly ndd to
the tharmal eapacity of the thermoooupless Howevar, it was neosssary,
whon @66 S VN0 TGS UE U dnelated conples for the NEGINPINIRS 6F
dry btulb air temparatures to ascertain the offect on the surface
ominsivity, This was done im the following ways. '

m mpln. both silver lumnul. one 1mulm and the other
hare Nt highly pand\od ware sispanded tosom with & silvered globe
and sllvered luh &m approxinately tires feet frem and mnl
ummmm-amumumm. In thls way, the ww
of radintion to vhleh the therméceuples were axpesed was At least equal
%o that o whloh they would be exposed in experiments i Jitohen olimate

“After half an hour, when the globs and silvered rendings were scen
uuu‘nq. mmaiiiurmuiumi.-.m.. the globe
mmumugm-rmmmmz

ﬂmuuu grin by the globe themameter (ir) is umu

Cmre n 8 (el = Tgh) RaTU./age n./b
!unh caloulated from the muu - muuum- mum-
manwmmms- T 3

*Ev s
Y L R
. 'V

s o Bt e e v v .. T BPREE | S e T AR e

8
n$
=y

S e
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rs (?nh - ‘!5“) = 0,189 x ),0900)'a x (tg = ta)
R S enissivity of the globe swrface 8 0,55

# 8 stafan's constent on the Parenheit seale 8 1.73 x 10°7
(Fishenden snd Saunders, 1932, pel2).

78 2 Tho mean temperatura of the swrroundings ) abselute tempers=

tures on the
g = The temporature of the globe ) Farenheit soale,

t2 2 The temparaturs of the globe )
o | ; On the FParenhelt seale,
4 2 The alr temparature :

' v 2 The alr velooity in fost por mimits,

eIty

Dasise |

Insulated Eilvered

oouple |- oouple or. O
0870 04878 833 | T8
D065 R 632 7|7 M@
Ry, | 0.870 832 |7 TS

0878 0860 CABRE ast P

0870 0,870 Bl -0 "0 LAt TR L
0,880 0870 6342 L9
e 0,870 i agels |0 ot g in
04870 T 0e865 8%.2 TS
0,880 0875 8345 The9
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The twe themmeccuples and the sllvered thernametor were immersed
in water at & temperatire arproximately equal to thet of the aiy in
the above test and 4t wne found that 1% was not necessary toe upply wny
eorrection to the above obnerved difforencese

The difference hetween the means of the therrmocouple readings was
0e0035 with a standard error Qo00Rly (% & Jelifl)s Mot Sipnificant,
Using the above sguations Tn = 89.29F, and Fr & 6eli3 9,7.0,/8q.Pte/hre
Therefore with the mesn temperature of the surrounds exeeedin: that of
the adr by 173 3t wan shown that no signdfioant inereass in the
surfage endanivity of the thermocouples was enused as a result of the
addition of the thin layer of insulation, :
Rate of Aspiration of the Flesentss 7This was measured by means of u
hot wire anemaneter the element of whieh wan 2 ema, lomg und 042 amss in
widthe 1t had been calibrated over the range O to § fto/mee. but was
not sensitive to changes in air veleaity above the upper limit, Ginee
it had been found that at least three alesments oould be ventslated
sdmultansously without introdueing &n errer in the wet bulb depression
the air veloeity past the slements under such cenditione was asecortuined,
using the lengths of mbber tubing whieh would be used in physical and

The hot wire olmant was introduced into the air atream in the
plane .rmmmmmmuum. Resdings were taken
umm.mnum -mormmmuu-m.‘

-¢-‘"x-r 3

mmmmnmmummmam
.mmumn./d-mmmwwvanm

RS
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entering the orifice. rasquill found thay for &8 guuge copper constantan
thermooouples the asaspiable minimus vas 39 tt./aaa. and Hilput('u).
using L0 gruge manganin=constanten thermocouples found thet an aly
veloalty of 39.) I.‘t./nin. wae suffioflant %o produce a maximum wet bulb
depraessionas

Displacenent of Room Adr Due 4o Asplration, It will be remenmbered that

an essential regquiresmant of apparatus for the rapdd assessment of
snvirenmental thermnl chenges in saall reoms was that the aspiration
414 net produce turbulence or & marked displacement of the anbient airs
By suspending the Azsmamn psyohremeter outside the experimental roem the
posnibilitien of turbulant alr notion aré elininated,

 The displacement of room alr due to the simultaneous aspiration of
threa alonents was messured by neans of an nocurate flehe Corman niyr
flow metors It was found that in £ minutes (the time necessary for full
aspiration and resding of the potentiometor) L1.60 1itres of roem air
wore displaceds The volwme of the room in which the upparatus would
principelly be used was 32017 litres (2230.54 ouefte)s Using the
figuwre of 1 roon adr change per hour, being apprexinately the miniswm
nl‘nﬂﬁuﬂnmm. hoppors and deors elosed, it can be

seen that the ratio of alr displaced by the asplration during 2 mimates
$o that by natural ventilation during the sane tims 48

% s 0.0%.
If eight sats of readings ware to be taken every hewr the volume of sir

diaplaced by matursl ventilatione This figure is inversely preportiomal
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to the air change rate and therafore 1% is the muximal errore Foth
phyeleally snd physiologieally it asn be considered negligible,

Calibration of the Blements. The mathod adepted to amsess the asewraey

of the readings given by the elaments used and constructed ss desoribed
in the previous sestion, consisted essentinlly ef a emreful calibration
of ene element agninat a standard method followed by a comoarison of the
enlibrated elanent with the ramcining five made up and vsed in exsctly
the same manner,

The initial calibration was onrrisd out in an alr conditioned
oubicla*s The routine experimental procedure was te compure the
rondings of the elements with those of a whirling hygremster used in
the conventienal wny, The Asmmann psychremster, used for aspirating
the elements, was placed outside the oublele %o exelude the turbulent
air movement 1t caused from the experimental rooms The renges of
tamparatures and humidities employed for the calibration adequately
aovered these whioh weuld be encountered in studies of kitchen climnte,
namely 50%e %o 85%, dry buldb temperature, LOL to 95 relative
hunddity (the obtainable maximum)e

Betwasn obsarwations the alr was constantly atirred by an electrie
fun which was switched off whilst readings were being taken in order
to reduce to a RAnLmm extranecus causes of alr mevemente A two kiloe
watt eleotric heater was also used in the experimental roon to similate
R source of rediation approximating to that of & coal fires

*Netalln of the Alr Conditiomed Cublele are given in Chapter 5
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Readinga of the tharmoelectrie a.nef's ware followsd, for easch
acuparinon, jsmeddately by readings of the wet and dry bhulb temperatures
of e wiirling hygromater used conventionally, snd padirs of readings
woro rapeated until steady values ware obtaineds %hie procedura was
ropoated at 35 alfferent vet Wlb and B9 different dry tulb temperatures
vwhich covered the complete range of temperatures and huaidities stated
aboves  The thermeheters of the whirling hysroawter were calibrated
asninat the thamooouples by imnersion in water over the range of
tanperatures abovas fefors We ealibration curves for the tro instruments
m plom. the M readings were oermm mordingly

Figures 143 and l.h are ealibration curves m- the dry bulb and
wet huxh mmm- rupommyo It will be seen that there are o
mmuo kg Peviations from the line eould be accounted for by
experinantal arrorse |

Nmr mnuu of thdn mM wﬂh nvo oﬂur-. mt was
Whntmhﬁum“wﬂmﬁlun.namumth
one ot ﬁw rom At tho l’hld !nt Mto Haoh mmt wag cheoked
np-n\h)@ awm the m-mumm one &t about six points over the
range of t-mm and hunidity secified abéve, Ald the instruments
shooked in this way showed no systemitde ewrorse o

Thus & motiod for the rapid wssessment of changes in alr
wmummuw.mmumumtwn
wmmmmuuuumuww studtes
num’.mu. nmammmm hmmwuhﬂu
m M«mo d‘ Mno Mo m hymmg maoau.

A i
I
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Uiee of Thermometers for the Measuremsnt of W ‘gmperature.

The recanmended rate of aspiration for the wet bulb of a whirling
hygromoter is 600 ft. per minuto(m). 140¢ 3405 metres por second.
Therefore for the reduced rate of sspiration of 17, ft, per minute
(0,88 metren/secs) & correction must be applied to obtain a correct
value for the wet bulb depression,

An approximate correction can be applied as followss=

The fundemental paychrametric formmla iss

mp (Bg2) & w3 (&= )
vhere pw 5 p are the maturation and actual wapour pressures at tw
P = éﬂkﬁotﬂo énuun
L = latent heat of water at tm
r = Bﬁirie gravity of uqiaoouc vapour compared with air
5p s Spooinle'hut of adr at constant proniiro |
my S Mass of air which is cooled from t to tw in unit time
mp = mass of alr saturated in unit time at temperature tw
The fornula is generally writtens
For 2 Ah-'u).mga_g.g
At high veloeitien 1% ia ovident that my = mp (33) and the formune
.E..;_R s L(E- w), iim.fi 040006, osnt be used,
1f one meglects the radiation effect for velocities below that
ai\ﬂdahn;llgm‘t-pmm of the wet buldb falls until the
diffusion of heat to the buldb frem the warmer incident air balences
the heat loss by evaporation due to the diffusion of water vapour from
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the btulb into the air stremn. uiumiaml amlyaiou” of thie

'.rmarar of mt— givess

EIP e 2 (v-w) tc{h

v 2 ulniw of nir ltﬂm

I S umrdimionotﬂubulb

4 Mﬂn ﬂmnityc ..
far valou.uu lena than 5.05 nma “p;\r uaond Wnn the weot
ib depression depends upen the welooity of the nir Wiremm snd the
disennions of the wat elament, Abeve this veloelty t(.r) is conatant,

Pella m(m) has investigated the variation of wet bulb

depreasion with rate of aspirations Although the size of the thermo=
meter bulb used wes not disclosed the variation of £(3L) betweon 3 and
L um- por second was only G%e These remilts showed

vssuvw’-. L. 8
e g R

&

g(—ég v = .wumq/m- .
Tharefors to sorrest for tie Peduced wir spesd the paychrommter

Flg

'ET! W (8 i) » Geiing

A R G0 (s e )

-

2 b 0 e R TR B ORI IS A | £ as = LS ot ;
i £ '3,
~ . R Fid
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This 4s very olose to thoe walue of 0,0008 advecated for use with
instruwents exposed to "light winds® (Kaye & Labye Physical & Chemieal
Gonstants, e h0)e AlWiough this L8 rather & vague definition 4t doas
mgmn that the error in using the figure 0.000'F) ror eorrecting the
wat !m).h &omua&an would be smalle

Tharefore the trun fully upimw wet, hn).h unpnntur-. sasuning
toro errer for the dry talb rauding ean bo obtained Croms

(T3 = Tp) x 00006 = (23 = ) x 0400079
. Whera T; = obsarved N.Ps temperature
$0.8 : " .. KeBe »
Tg = True V.0, Y

1. The constructien of aiparatus for %he rapid messurament of ehanges of
Semperatirs and hunldidy aé several points in & roam has bean deseribeds
2. Moaring in nind &int these meamurenents would bo taken whilst damestie
operations were in progress & rencte reading method was mpxom

AT

Rl ﬂm-ommmnumnmuuﬁomm -

dry Tulb olamonts of musponded whirling lvp-nhn and the nepiration of
mmpmmmmmmmumhrwmwmma
an Asemann payehrameters i ‘

h. mumumﬁsmmmgwmmwmn
Se The onlibration showed no systemstic errorsy The mocwracy therefere
Wuumnamummmmu-mm
wummm
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CHAPTER IX

The M‘foat nt Du‘fcﬂmt ?cmti.luti £ %ethmla on

1% 4is well known that marked changes in room elimate eceur in
kitohens or kitchen living rooms &5 a result of the housewlife
perforning & weakly family washe These changes in stemperature snd
hunidity san be oensiderable when use is made of a dementio pas wash
boilar which is one of the moat covmon appliances in use at the
prafent tine,

These marked enviremmental changes in temperature and humidity
in the kitehen ooowr while the housewife is exerting a good deal of
muscular effort whieh inorenses her body heat production, Hence it
is important that these climatic changes should be as mall as possible
in order to increase the acmfort and afficiency of the housewife and,
at the same time, reduse the fatigwe resuliing frem this partieounlar
domostio taske

The purpose therefore of this series of experiments, being a
purely physiesl M.nc“mﬁOMiﬂﬂtw
ventilation rates and methoeds upen the distribution of tmperature
snd oldity when a standard gns wash boller was alight for a peried
of T5 minutene This period of time was chosen as the rate and duration
of gas censunption corresponded appreximately with ussr practices




POSITION REFERENCE
FLOORS ARE MARKED OUT IN
Lrr. SQUARES NUMBERED AS
INDICATED IN ROOM M1
—

* PLAN

[ o o s o s e e e e e s e e e

SCALE OF FEET

OF EXPERIMENTAL KITCHEN LIVING ROOMS=

KEY TO FITTINGS

s BROOM CVPBOARD
c. CUPBOARD

D.C DRYING CuPd T Tasie
D.S. DRY STORes C.R. cooker
T.D. THROUGH DRESSER 8.  Sink

D DRESSER ko LARDER

N? 1.ROOM NE2.ROOM 7( N2 3. ROOM N?3a.ROOM
X T W i ! g5 \ Dbl Auwy
L L washl_ o gl (1] R Tl s ||feR
1 :,'|."?' T ';%EI‘TQ"'}?W A ‘:g: : ’jf_f-?j yn‘ Bader
' .'.,'.: —~ 8 .ﬂ-i 13 . .,4!;- v'll - l_ J
e B T 1 ]“j T T 17‘,} Tl
H'.l ,.A‘, 18 [ 7= —r ;.:.,. H-te
‘J 5 T e
: : |*L*_lg i - | i — n 1[} " T ~
R T TR e e 1 B e ] N
| »ePOSIT | + L 1 ], 1 -
il | Lk A AT
";_r, D s |"' i " . ne osl|l 8
\
1 \
ontroly wtrols |Couul|
P A n n " n -
SU W s isrsrrqongnny D D




2.

Experimental ¥otnods
Xs These studies were sonducted entirely in ene of the experimental
rooms at the Thatohed Barn Field Test Unit, Horehan Vood, Herts.
Three full sise kitehen living romma, 1l fte x 12 fte x 6 %, ne
specified in approved deaigna wers constructed inside a standard
Hinlstry of Verks hute A complete plan of these romms is shown in
Fige Rele These rooms were made swailable to the department under the
ixtrasiural Nesearch Contmct'w’..th the Ministry of Workse They were
an assentinl requirenent for & selentifie inwestigation of theraal
confort in relation te the heating and ventilatien of dwellings, and
the effeot of weather conditions, whiech camprised the whole resesreh
progresme of which the experiments deseribed in this thesis formed an
integral parte Noe & Room, being & kitchen living room of the medemn
convertible flat type afforded the best opportunity of studying this
pa‘rumhr problane

The gas wash boller was looated near the sink (see Fige 2.2 & 23)e
The uild up and deoay of temperature and hunddity resulting from the
gas wash boiler being 11t from & = 30 to ¢ = 105 ming was measured at
6 pointa in the romm a% 15 minute intervals from ¢ = 0 %0 ¢ = 195 nins
and then half hourly wntil the finel reading at ¢ o 255 nine. The six
m warei~

(s) ftand X (v) Stand 11
In the "working spuoe® The remote corner

POR 13  6' 6" lewel POS 11, 6* 6" leweld

POR g L' 0" level Fo8 Iig Lt 0" leved

P08, 6 deved POS 11y 6" level

TR e <. .

, 4,‘“‘1‘“‘ i

g e s Ty iy :
L A o R N R s PR ¥ PRy L i -

eS|
A 1




POSITION OF FAN AND WINDOWS RELATIVE TO THE
WORKING SPACE.

R.H. HOPPER.
P
/ 9% 9 EXTRAC |
- — TOR FAN
| —
e o | o GAS WASH BOILER
ﬁ_——— S INK.
/A I
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32 smuge copper/eonstantan thermoocouples were attached to the
wet and dry bulbs of susponded whirling hygrometers thus providing
o remote reading method for wet bulb and dry Wulb temperaturese
Aspiration of 3 instrmuents shmdtansously wes achieved by lengths of
ribber tubing linked to the fan of an extermal Assmann psychrometer in
the mamner deseribed in the previous shapter,

" The ventilatieon arrangements invelved two levels (presence and
absancn) of 3 faeters nemelyte

le Conl fire, refuelled at a standard rate of 3/1b. avery
dhre ALl adr duots and registers oloseds

2e¢ The right hand hopper window,

e A" x 9" fixed grill A0, extractor fan, 1320 repdne,
odr delivery 300 ous fhe/in, located as shewn in
fige 2020 Tho 6 treatmant cambinations consisted of
all sombinations of

v I Lo - e B e Yl
Not 1% g Opened ) ofe
14%e Cloned ) One

There were I, replioations of esch treantment cembination making
32 experimants in all, designed as a sinple facterial experinent te
olininate as far as possible any vardation hetween dayse For the
parpose of camparing the main effests and interactions of these




vosition of gas wash boller rolative %o
the sink, horrer and ehsenent windows

and Tositien Je
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faotors X have taken ne the warfables or trestment figures

t =855 % a25§ % zeﬂ)
Z (7T = 7o), 2 - 7dp) and 2 (i = o) vhore

T =0

T, T & B = DR, & WeBs temperatures and relative hunidity respectively
s W eny parbleuiar Mnee © |
‘:;. rla & Mo 8 DyBe & WaBs mmwrdma relative hunidity at ¢ u'éo
The tenperatures and humiddties at the s £te lavels (FoS8 Ie& ug)
will have the uat W Mrs.ng on the plvuiologhal and mh,jnﬁw
mum in um studien, 'ﬂmtm it vas doeided not hm ‘
pniﬁmanmﬁnnﬂnﬁouﬁnw.bﬂhmﬁﬁa&mJ |
‘separatoly with partioular enrhasis on these twe mmt posi tdonse
The welune et gas au'buam and the qmntiw of wnor nupuruul
mmnnbummmmcmm ocontoa. tnaoﬂmrw:.th ot
amordefﬁouhmlmMMWQ . :
i unuy.mmummmummwm
umurm-mnmrummwmua‘mw
mlmmcmnm !hcmnotﬁcumuasu i
aseertain 1f a relationship eeuld be established between the udld
"mmormuwmummmmmnu
‘for the Foems
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Results

Ae Mid lovels ‘ﬁ'ork&n;L fpaces Fositien lo.

s Drv Bulb Tempereture,

Trentmont (1) was that in which all thrue factors were ahsent,

1.n. Control Tmmt.
'hb&o 8:1:

@ P ) ete] e
18,5 | 1l | 19600 | 1585 | 57 | 335
m.o' 13046 tede 1}0.3;. " ues.e | 12143
1926 | WN5 | Uk | s | 6155 | 153.87
00,7 | 93 | 1325 | 1080 | Loees | 2335
6 | W7 | M9 | o9 | esoa | reuse
697 | ST | LB | 6%7 | ek | 5985
16 | 2095 | 200e2s | emmege| Bogul | 20238
990 | Woal | 2009 | 2239 [ Ly | n8ul7

BLOGE TOTALS | 9hle5 966.8 ' Gile3 “M?-B 39395 GRAND TOTAL

;:a":*'".g

Faoh figure in m (1). (R). (3) nn (h) is 2 (fmm whieh

mmmmmummmu(n-l)uuoﬂnmm-m
mmummwu,m:uhmw '
Mmmmummmm mmmatu-
*The series of experimnts Ff (Fan and fire) ware abundoned afber
o tests which showed this esmbimstion %o be undesirable for reasons
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Thore was & deorenss in atmospherie pressure in the room due Yo
the extraoction of approximately 300 cus f8e of alr per ninute by the
fan in addition to that extrastod inditially by the pull of the cosl
fires Thin displaced mir could not be replaced by leakage threugh
aracks round the vindow oseings and door edgese The remilt was that
somo roplucsment of the alr exhausted by the fan was effected by aiy
flow down the flue agkinet the il of the firse This caused the eurly
development of & amoky hase in the romm which would meke conditions
imposaible for olothea washings Subseguent experimente have shown
that such a eenditdon is net fMully remedied by the inelusion of an
a*‘as'rmm.'tmmnummwwummn.

Tharefora, there were no experimental treatment figures for Ff
under colwma (3) snd (5i)e These walues were estizated ae deseribed
in Appmdix 2 Be

Zalls
Troatments K ., -
b 3 i o
o i -
i B »
™ b | -
%" 3 %
Ph 1 -
UHRCR
el
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The two estisted walues csuse a reduction in the errer dsgrees
of freodan from 21 to 1%
8 Diaificant at 0N
* Signifieant nt leGF
FTaignifionnt at 5,00
faDe of the difference between two treatment mesns ®
(2938 (3 +3))F 3 22

The thres madn effeets all appear to be significant, the hepper
and the fan in eausing & redustlon in dry Mulb tenperature increases,
mlltmm.nWWummilmn. The
threo interactions fnvelving the fire were sipdficent, Fh and Ffh
produsing o reduction and, agnin as axpected, FT an increase above
the inoreases remlting frem the contrel treatment (1) Table 243
showa the mean walues of the average inarenses in the dry tulb tanperae
tures for all the treatmentes They ave derived frem the figuwres in
the fined oolwm of Table 2.1 divided by 15

Jahle £ed

Hoan DeBy tomperature Insreases throughout
the experimental perieds

Zreciment Firenet lis  JFire lid

1 9055 10ei
h B0 TSk
£ 11483 1349
fa 3% 7490

m&mam:m .



W.B. TEMPERATURE INCREASES AT POSITION I,

GAS BOILER TURNED ON T*30 TO T=I05 FOR B,C & D} 54 CU. FT. OF
T30 TO T=125 FOR A GAS USED

(A) TREATMENT (R) ——

(B) “ () —0—
(C) L i —e——-
201 (D) " [ A

¥ SIGNIFICANT.

@ N

W.8. TEMP INCREASE. °F
F S

TIME (MINS)

FI6 Lol
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The fon was cbvieusly the mesi effective single fuctare However,
& vomlt of partiowlar intevest 8 that a significant reduation was
produced by Fb (treatmant mean 7454°F) by virtue of the o) gnificanty
internction betwesn thene two factorse Further, when the fire vas
1it the hoppar was the most important factor in the reduwotion of the
budld up of dry lb air temperature at the L, £4s lovel in the working
Q00
2s Tiet Bulb Tamperature.

ﬁ.pt%ll Trea T reatmeant

Totals | moans
5957

|

3RRFE

G
003

36965 GRAND TOTALe

E forakt -

BLOCK TOTALS | 88).8

L

gRP" e

§ +8 88+

)




R.H. INCREASES AT POSITION I,

GAS BOILER TURNED ON T=30 TO T=105 FOR BC& D} 54 CU. FT. OF
T=30 TO T=125 FOR A GAS USED
22r (A) TREATMENT (R) —&—
£ (8) " (i) =——0—
18 ) () " LA R
/1\ (D) " Fh, ----&--=-
- / ‘
by ¥ SIGNIFICANT.
14} ! \

e
B A%

TIME (MINS)

-lok

Fite 2a5e

S X é o .
NemmmX 270 .
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The stendard deviation of the differance between 2 treatment
= (209,70 (3 + 1) s a9

The 3 mein effects all appear to be signifisants Pactors £ and
h prodused signifiexnt reduokions in the Wy $esperature inpronses
wldmrqwmawa-mumh
mmnmmmwmmmmmim-m-c |
all fantorse Hewaver, magmwm.ruwuwr
‘ﬂmcmmmtmathnmumm‘
mumhmuumw.n;mwuu
F being soparated from the remainder we obtain the following tables
Fron this table we see that in the chaence of the Fire (F) the fan (#)
mmmmﬂmtm’mmmmmm
vhen the fire was 1it, mummrmnmm
mmmum ' ‘

mmummm
}:
foE 8
fh M e

S B T = i > oy

--~-.m.munnmu&omw*m‘
muﬂ-mamumnumm
mumatnﬁumm The hopper
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had & slight dut barely eignificant offect when the fire was not 1i%
3o Relative Fusddity

Zahle 2e7
Ropctitic Treatment Troatmont
Trontmants 1 R 3 lt Totals, Heense
o |z|l2lglg | 2 |
P 7 Sh B 12 Ug 355
v |&IE( ) 2 | B
b 3 27 a, 2640
e oy | -hS 3  wfiBe 50 =725
Fih A% | =31 | £ | =1L . | 0o T5
BIOCK FOTALS | 365 Mh  R0p 15 633 GRASD TOTAL
-.nmmv-mu.
- Zedde BB,
inelysis of Varianoes
Tegreos of - Buwmof Mean
_ Freodon squm. fgquare,
Blooks g " ’% 197.70
Trontwmts ko R0 0 e 1453 (=
P § . " e
2o bl ® 2SR T
0 1 82203 (+
L p m. C 338,78 (-
rth 3 0056e28 (+

.
*4
o
B

nazpmmnw :
/ Mmu«uuﬂmmzmm

s (3510057 (&*ﬁ))‘ s Lle89




Hean Toorenses in Relative Hwniditye
Eire not 3%, Five 2%
“ 5 2els
, B 340 1o
e ¥ B il
- fh 107 0408

Standard deviation of & Aifference ® _{w iad

T4 4o soon fran table 5,9 that the coal fire was the most
offective single faoter in the omitrol of the relstive huddlty
increasen, troatmonts Ff and Fii produoing A\gnifisent redusticnse
Therefare  desrense of prectieal mguAficanse wes produced when
the fire and the hopper were used to ventilate the roome

mmmumat&.mmam.

v
of vhich 4o fer troatment u ﬂM*h)‘aM

m-zmmmm |
The effestive muber rwmu xu*hi z 3
mmuuumrmrt in 1+3+0%8 = &
Therefore the square rech of the mean error Swm of Squares st
be multiplied by the fastor (1/5 + §)F instond of(} + 2)¥ to obtedn
tha standard errore



By 14 Javels Femobe Cornare Positien Ilp

le Dyy Mulh Temparature.

Tahle 210
L Repetitions ?mmﬁh\ahmt
rentnant (1) () (3) ) Totalse | MNeans
1 13945 11940 Uilield UiTed 52947 10e
h 11546 997 113 1177 oli 1lle
F 165 al4 1794 139 Uilie9 o3 15738
h 18349 10340 1158 1ol 1569 1eeR
no | G| B | s | 4R
h 5 _
re 163.7 18247 1%.5- 1706h* | 69943 1710:&
P | 831 | 1352 | 22840 | 2039 | LB0.R | 115405
RIOCK TOTALS |90Re3 9239 JEF a0 $0e2 | 3TAGely CRAND TOTAL

* Fatinated waluase

' Tahla 2,11
Axaiymie of Wayisres
fum of Hoan
Del'e fgunrase Square  Variance
}loeke 3 else Thedly
Treatmenta h bt %ﬁ G953 Te0 ITed00s (=
‘ ¥ i 16616400 16010400 Tdaddre (+
¥h 1 E595460  10.TT* (=
) 3 58326l 21,720 (=
i 4 17.41 1711 o7 (=
e 1 953455 9653455  L0sOTes (+
Fiiy i HBade el 157 (=
BRROR 19 LSTI® @i
TOTAL &  sokEhes

*e Glendfionnt at O30
& Signifionnt at lo0f
Selle of the differsnce hotwsen £ treatments means = 10,57, As
for Position Ig the three nain effesta were significont, the fen and
hopper snusing & reduction and the fire an inoresses Alse the



W.B. TEMP. INCREASE °F

W.B. TEMPERATURE INCREASES AT POSITION I,

RNED ON T=30 TO T=I05 FOR B,C & D| 54CuU. FT. OF
GAS BOILER TURNE T=30 TO T=I25 FOR A GAS USED

20}

(A) TREATMENT (R) ——

(B) " (1) —0—
(c) " L VR

(D) » | — .

¥ SIGNIFICANT.

8
I Gk - ST W

4
*
SSX #

o

] : : o 4 N 4 1 1
TIME (MINS)

FiGs Bobe




Soe
interactions of (F) with (h) and () with () appeared significant,
The mean Ineyvasen in temperature derived frem table 2,10 are shown
bolowa |

Pire 0f¢ . Pire gna

() L s B483r.0 | .l 209

Sl ik
: Leldd ¢

tandard deviation of w differense :%1 .S -

Hore again, the fan was the moat lmpertent single feotors The
analysis of warlsnce table shows dnternotion Fh %o be rigndficante
mmrmmmm-nummmmum*
unmmhnmmnmwm«mmum(o.nnms
14529F )a m.mummuuwwmmm
mn&wmnmmn&mm
troniment is denbtfule mnummammmm
mmmmmm»m“ nm,m
mmummmm-nmhvmm(m)nm
signifieant,



£a et b Temperatuwre

Sable 2413
Repetitions Treatment | Treatnent
Trestments 1 g 3 ks Totals. neans
) 15146 16742 1348 46047 6853 15548

1234y |- 132 1132 1ee7 Li9%46 1230
6840 ﬁ-ﬁ 6341 977 302 T

1670 UiSed 26804 UHe3 €548 161
Geb 111.8 GRe1 1088 |  LAle7 10249
6048 1055 068 Tee2 Belie7 318
6800 21.9 6105 6500 Rlé.h %l

et hens | 00 | | g %

C3 T e

& Batipnted wmlves.

Jable 2,1
Pogreew of  Sum of Moaun
% Froedom Squarese  fiquare
. TR SO Y. . )
v 2 ao;s::' eosbfuni-ri
:h : : 1881ty (»
M 5 ¥ E 153, :§
¥t 2 -,,,g #
g~ g T g. w | ._s:suz.
+ eign at B
ou aam at 1,00
* Bign at 008

feDy of difference betwesn R means = (235,37 (tﬁ))i = 1008




Jable 715
Hosn Inayeases in Vet Bulb Tamperature.
Flspnot 1% F, 14%
| 10439 10,76
h a.g , . Gl
£ Se . Uef8
fa 3e600 - 5ed

Standard devietion of o differenne = _;gg, ® 0,73

ﬂnmlyliui)wmd ﬁmtwunalmw-mhemhj
Vel tesperature above that of the control treatment (1)e That was %o
b expectode 1ta offect was to asuse & slgnificant inevease at the 5%
lovels It 48 clesr from the analysis and the above table that the
oxtractor fan vas the most important single factore The hopper windew
aloso gave rise to a sigificant reduction, The general effect of ¥
appears %o be to inorease the W,R. temperature insressen when conparing
the right and left hand eolwms of the above table exvept when oemparing
treatnents Ph end he There is & reverse difference which the & test
provas %o be significant at the Oud% lewal, Troatment Fh produced &
slgrifieant offect and the intersetion of ¥ with h was significent
at the 5% level frem the analysis of variance tahles

el thats ADSE o et e s il S e o S B




INCREASE.

RH.

R.H. INCREASES AT POSITIONH2

22

GAS BOILER TURNED ON T-30 TO T= (05 FOR

T=30 TO T=125 FOR

[ (A)
. A

(8)

B )

(D)

-6

! . TIME (MINS)

BC& D) 54 CuU. FT. OF
A GAS USED

TREATMENT (R) —{3—
" (i) ===
" B -
” Fh, ----&----

¥ SIGNIFICANT,

S SNSREEe
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3e  Jolative hund dd
Table 2,16
Treatnant Fipures Troatment | Trootunent
« 3 Totals, means
i 195 197 A10 . 632 +15860
h 85 iﬁ 160 e5 L3k +10845
AR AE-AF-AE NI WE -
mo | | 02 % B 4 « e
fh 63 g - hO & +1305
3 3 =121 g DS ad = Gle0
Pfh | =68 |«213 | =65 | =GR =238, | =B340
nomais | 460 . A . 138 . %7 2876 GRAB) TOTAL
’ . * Frdinated waluose
Jable .17
Analysis of Varianee
Degrees of Sumef = loan
Freedm Squaress . . Gquare
blooks o , 06
Trontinents h 3 S R
ciond R smais Qe Ab1R 50 Ai612.50% (=
Fh i 16400 18,00 (+
Ao EE . e
% _Signe at
"“Stmo atg:g’

~ "”' of ‘WW m\e nowns » (2577660 (4 #4008 = Zuly
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Table 2,10

Moan Insreases in Felative Munidity

Five Off ¥ire tn
1 10,5 - ‘ 68
ko Tel “0e5
T R .‘“5
h le2 505

ftandard deviation of a difference = 2{% B .29
2 ‘

The enalysis of Mnm Md adl three main ofrootﬁto be
niwrm The maximus nmum\g in mhﬁn Wdﬂv increnses
were P"M Uy Sreatments Ffh, Ff, Fh and fh in that orders
 Plgires 2eliy 2u5, 266 and Re7 ulumﬁ uu build wp end
decay of mm and humidity with tine for the treatwents (1)

(F) {(r) mﬂ (m) for the two positiens disevsseds Fach peint on

the graph is tin} mean of the Mr obrervations of the faatorial
experimants and the feur mpormu; wi.th (R)? Signiticant treatments
are indicnted in each euse,

The 6' 6" and 6" levels (Pesitiens ﬁ,, iz XXy m} IIz)e

As previcusly explained the mid level puiuoim huve been given
g full and careful enalysis beagsuse the temperatures and humidities
-twwpuumﬂzxgnwmwm;mu
physiological and subjective reactions in later experimenta,
W.‘ some consideration must be given to the offecte produced

at the remaining l; positions,

* see page L7



3,

Using the date frem the fastorial experinent there were l;
replieations of & trsatnent valued &t Ly different positionss The
data had therefore thm'cﬂtwu of ou’oqznuﬁm. In t:is ense
1 tock an the variables or treatments figures:e

(rm - T0), (rlm-rql) and (Km-lio)whm?mxc
Tlmax and i max ave m-mmmeaotmmxb.mmm tamporae
tures and nlmuvn wm, obtained at the Fespective poodtionse |

‘mmmm m ror mw.m Ta nd. 1Ip I was concerned
with the general x-vn of the mpmwn- and lumidities becnune }
of their mndomn uau'mm. for the remgining pesitions 3 ‘
_ have mdmtw.&gm of the Aifferent wentileting
' fnmdhmii- Mma;mmmwwmy. Those
 values wero m mvd:botm the an wash boller was

turnad aﬂo o
L
’ %
g ! >
i1 ) . N » 5
4 r £ - " wl
H E 4 i
i ) ;
%
i ¥
N ) % 3
i 5
& 3 :
24 0 it \
% "
33 i - ik
A v iat
i S d-
¥ ¥ a .
kb it B
e . &8
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=Y # e
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el 3 ¢ i
2% i y !
i 3 s e Soige !
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T .bh £
ain Vi
Soures of Variatien DaFs fum of . lean
Squares.  Igquape  Jarianes
Batween Fositions ol g A mm - 0756
Batween Trontments ek | ms.ﬂﬁ_ m.os

Interaction between AT : o ~
positions & treniments = 81 60102 £Be6ly 1768

Total betwaeen subegroups 31 14517-37

Within sub=groups of ¥ Py A
four 83 _M2.00 1e6R

POTAL 19 Lnsde

The interaction m pod.ttm md mmu 1- -mnuiom
at the Qo4 lavel, ﬁmfmlum!.muunduuumnum
uuammmnxm

mmuammang#, x8
Thorafore, the standerd doviation 3 (@ath < o) & 3.5
The 9% valus of & for £1 degreos of freedom 2 2,00

Theyefore o difference of 57685 x 2,00 = 7487 is required for
significanoa,




Hile

Table 421
Tabls Treatment  Heans
Haximm Dry Buldb Temperature Incresses.
TRRATINTS ) POSITIONS
N 31 1 43 Iy II,

| 22465 Be€5 | 83402 5T
h 21.65 10,05 #le55 T2
£ 3697 | 13462 | 2450
F , 19 ‘g 1le0 | 20420 (::?7
" ‘ R 1740 Bals7
i 6e97 Fe0 LedT
e 21.55 12462 2010 12460
Fih 23,60 | 12617 | 11405 Be92

At the 6" lovels (posistons Tz and XXz) no sign flcant differences
oceurred betmeen treatwnt (1) (eantrol) and any of the other seven
troatnonts, Tawever, 46 may be podntoed out that there were e gniffcant
11£ferences betwoen P and £ for positten T between FS and £, FF and
fh for position Iige Nowever, temperatures a$ this level are of
114t1s physiologiesd importance oaly in as wuch &5 they have a bearing
on the mmmt. lﬁb.tw viiieh have been reacsmended for
rooma in sontinuous use (see Chapter 2)e

nﬂat'é' m(mmqmzz;)mmmtmﬂ
ammummaumm tenperature
mmmm-&&mwm troatmente
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Zable Se8d
gle of
Souree Variation Sum of Doagroon of Houn
: Squaress Sreodom == Dquare
Retwoen positicns - BhRe33 3 Ly Taludy
Betwean trentments 1189,86 7 1614151
Internetion of positions ;
and treatments Gazeom 21 39623
Total betwean subegroups  5306,11 3 17407
(Within sub groups 286,07 @ B8 2e11
= Frror)Total 582,28 229
Patwoen Positions F = 545.8 AL signifioant
Batween Troataents F = 76,5 7 at the 0.
Internction F & 18,59 level of F.

In applying the $=~tent to the AfTerence botween the treatment
wonns the interaction wariance, based on 21 degrees of freedom ia
used as the arror wmrimee since it iz significant in the above

The vearisncs of & mesn of L, readings .EP’

lmumummamsﬁ[‘m .

Standard dovietion § uatgu)i o Lid

The 5% value of ¢ for 21 degrees of freedm = 2,08
Pifforence of 2400 x Leli3 = GeR in required for significences
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Zable of Treatment Meuns
Faximmm Wet ulb Temporature Inereases.

POSITIONS
I, ﬁ!}, Iy

86,1 10,0 2647 B3
59 | 123 26 | 20,1
© 1548 39 | 182 27
1. 25 | 12k | et | 9

2349 Usely 20e8 11,2

129 | 943 | Ueo | 68

_19-5 lR.9 W | 101
el | 1249 | 2B | Gel |,

3ap g E

nnnumtmummu mtmntmtﬂuntotm
mm-&me' levels (‘Pnnt’m!!’).
W.mmt(m:;uly)ﬂnmmowrﬁnh

-ummnwmm«Wunmm
muﬂu&'?hwlu
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Sable B8

snnlyelis of Variance

Sourans ot aniuttm fum of Negreos of Mean
. . "5’}!95—'—! i FOBAtiRg HQUATS B
: an pauitiou ,, 150'{.).5 3 50236
Bowmm mlbuntﬂ 1fm.18 7 254459
Interaction of pesltions _ : ‘
and Treatments 1580.5, 21 T 65eTh

Total between subsgroups grr- i3 AR 5
Within sube youpo '
= m.'

TOTAL ., TRMReaR

Petweon positions ¥ = 16,75 Mmiﬂuﬁt at Bie 0.0 level of F

m mmu r 2 u.us
Interastion P2 239 aimnum at the 1.0¢ level of Fe

i i S0

.. Anteraction again umu‘tmt therafore its wunu mathun‘
. ummm

~e's The wvarianes of a mesn othmd&na:ﬁtm

Sandard dovistion 3 (&ms_ﬁf' 2 (30708 = 573

: ‘ah-xu.wsmnmnrm = 2.«

-

e mmm of e.m x 5.13 s 111.93 mm for upumm.

]
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Table 83_2_1

Treatment Neans

Haximg Relative Humddity Tnerensase

T TRAWIGS 0 8 oN&

R - 4 P Iy 11,
i L7 157 20 155
h 2140 1840 22e7 2007
'y 11,0 LeT 270 Qa0
¥ 2640 13,0 | 2645 1840
o 2240 e | @e7 1840
£h 1940 | 16e0 a0 1545
re 1365 | 2340 Uye 1240
Ffh | Be0| . 95 15e7 1640

It ean bo pean therefore that treatments Ffh and £ produced
algnifieant results in the working spaoe at the 6* 6" level, 1t alse
appeare that £ produced & significant effect at position Il,a this
is probably & spurious resulte
11,  One method of mumm. room, 8o far not considered, is
thet u”m by the intermittant epening and md.n; of the l\opw
and umﬁﬂadm.md the dnr. Buoh pmaduu in -mlyund
by housindves In névmal mcﬁno providing -xm). weather conditiens,
dutmmd orfentation of the mpnmtt ite ' '

o Mlvuus the mm»m uparlnnt. axperiments were oarried out
to study this effedts The procedures adopted were those of L house=
wives selacted at randem, whe later participated as subjects in o



L8

series of experiments to stndy the changes in physiolojleal renctions

and subjeotive therral sensations related to chunges in room elimate

during domestis washing operationse

‘The figures obtalned for é

for the

’ '(ﬁs- roi)

t %0

and &aﬁss
p

(R = Heo)

“=2e0

two midelevel positions are showm in table f.288,

Table 2,68

NeReFe
Delte®F e
WaBeOFe
WeBeoFe
ReHe

R R

iip

II"
1y

Poge Xg
1y

Iﬁ;.

Y78

el
ER.S‘

13841
Ehne

13940

6240

$7.2

GRWH

- T0e3
‘1640

‘560

‘ 3

Blyee

k7.2 | 6543
‘B84 | T2e7
330 | o3
65.0 | 5940
15,0 | 320

Treatment
?a&lu,

28l 0
2780
26669

f Bdle
&he0

- E59.0

freatnent
!lolma

Tee0
ée)
6647
- he0
1660
LTS

M mnn niancard dmrhtm t'w tm mum hm & moans

u m to compare this tmmt whh the mﬂw- treatnonts of
tha mm: axporipents was mum from the Mnru for all §

For & comparison of the mean inoreases of the thres thermal
fantors for this mm.m T have exlled (R), with these of the
hmxuwm. one ig referrod hwmm table giving




19
Jable &%y

lean Ineranses of N.ie and ¥,Re Tamperatures
and Relative Humidity.

DRY BULB OF e VAT BULB OF. HELe HUMIDITY B

&’Y-‘.RI\?W-‘:M Ia IIE 12 Ixa 12 Iy

| 9655 8483 o3 10.39 545 10.5

h 8e09 | 7e73 | 8B e23 348 T2

y 1026 10449 10,26 10,76 Ry 6ol

£ LeB3 | Lal5 | 5408 | Sedly | 346 6ad

Fh To5h Te62 Ge Ty 686 «leb =0e3

re 139 | 11465 | 10.04 BelB | =iyt alie3

h 3099 | 36 | 397 | 360 | 147 12

Ffh Te90 | To67 | 6aBl | Salid | <86l | =545

R LeB0 | Le65 | Ll Le93 1.0 Le3
STANDARD : _ ‘
PRYIATION CeT3 0466 Q83 Db} 249 2eb
M —Jf SR FETIETNE RICRSASIINON JUNA: oA

Using the value & 3 2,07, besed on 22 degrees of freedem the
least differencss necessary for signifisanse (S.0e x &) aress

| m‘ﬁ‘:.m - Pos '&"‘1.12"!. Pm%&m

13z 2e37°F. I 1e33°%. g Self
Table 2,80 shows that treataent (R) had & very significunt effect
upan the build up of wet and dry buldb tamparaturss in the twe pesitions
sonsidereds At position Ip, together with the fan and the fan plus
hopper window it produsced the noat mignificant yeductions. The menns
for these two trentments and for (R) are not statistically differente
A% posltion IIp the same result was found both with regard to wet
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Wld and dry bulb temperature inereascss

However, 1% producad no sl gnificant lewering of the relative
hunidity inereasean ;{ ponitiois Ip (in the vwWomu) but proved
offoctive for vosttion IT, although Anferlor Ffh, Ff end Fhe

11Te Akr Chenge vates for Voo Be

.

A series of axperinents were earried out after the factorial
oxparinents to determine the muber of reen air changes per hour
for the treatments (1) F, h and Fia for Recs & using Room 1 (see plan)
a5 & controle

Since the mir ehange rate is dependent to mome extent on the
external wind velooity'38) (17)s 4y vug recordad, tegether with the
direction, ammmmm. mmwu«-m.mm
threa times tarouhmmd treatrants

C0p was iatroduced Snto each yeom from Douglas bags and the air
Wnﬁm_mﬁdﬁu&o decay in the pereentage of GOy
hﬂum&mul&“ﬁmmmmm
moasured four tines at sm intervals'18), e vesulte are
mumarised in %ie Tollewing tahlefe '
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Alr Change Rates for Reems 1 and 2 for
Pour HLferent Nethods of Ventilation.

(Exfgm). Wind Ar Change Tate
' ' 3 ner hour)
FR.‘M Mreg~ Hean y .
| tione Veloed Mean Value
£33 -3 e e o 079 070
= 1 - 0 Ceo'Tly Qelsd 0eb5
3 fafeBe . . BaT 1.56 del5
| 1 - 0 2456 1454
2 faFe B840 lia00 .58 7 3.0
’ | ﬁ.}’.. ?.6 5“ 3‘&
& TS 370 Sely
3 felialla 50 Se3 527 5e35
3 feSelle 840 3e7A 539
_ N TS | Sefh 7403
2 BJe 202 | 30,00 10466 8489
i | Feliela 0e0 Selily 740

« For both roons the maximu adr chnnge rate was obitained with the

hopper used in conjunction with the fire and the control treatment (1)

prodused the least mmber of alr changose

The dependence of the air change rate on the external wind

veloolty is not alearly shown from such & small maber of observationse
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Howawer, the highent meanecterna) wind veloolty &0.2 mepehe obaerved

during the sseand axperinent for treatment Fh caused & sipnlfloant j

inerense in the aiy nhm@ rate for hoth rooms am the walues

ealonlated for exporiments 1 and 3 for the sane treatments

‘ The aip shange Faten for he resaining’ Westasts ware net

noasureds The carbon d&m&dn d.omy mathod in Umited to & maximum
upmuuumuummrw. Siice the fan hsd en

air dolivery of approximately 18,000 eweftie por howr the mwber of

merWMWMlmwmumrmm

umtnmmr.:umrm N

memwmwmummummur. resulting

xmmomumortth. amnmnumummm

mmtummtmnrmmmmmoog

ecnoentration never exesedsd 1.0 um-mmom nm

:.mzuﬁomvorwmmm. mm#m

ammmuuthmwmmm«mmm(mw

‘Muhumtnmnnmmmwuhxmh f

100,0000 mmmmmmuutmmno.m. '

.emmm

The fellewing two tables, m -u -ub "'""“"! -ulm
show those treatments which M mnm mum of 'ilu
inercases in the thres thermal factors considereds



Table &

. 8hewing Vent!lution Hethods whieh Produced
Signdfleant Neductions of the Maximum Inoroasese

6 &"
iy

%

1&
Jn
a

3

h
Vi
L 4

&

f

PORITION 13
in W

fpaes

FOSITION If.l

m}n.ao
) 1170

) 10,30

Ffh) 37
£2 1.7

Eak

fh ) 13.72

P‘ﬂ\) 13450 -
i ) A&e70

Table 432

Showing Ventilation Nethods which Prodused
Significant Eedugtions of the Hean Incresses
Puring the £55 minute experimental perlods

POSITION 3 mm’n‘i_ﬁa

fh ) 558 |R. ) 6600 | ¥2.) 10,0 | s ) G ... be
R i&g ﬁ; ﬂt;?oo R g g R )6 1500
£ )b £.:d £ ) La3B| 2 ) 5ed5 11.0
o 2.08 Pfh) Le97 940
P 1467 | fn ) 3429 P 353 !h 9el)

Pfh) 258 h 216

nw;m&mmamm»

MoIa.fS

uﬁutuu at

(2.85’?) ad 7 (1.86'7) prodused sigmifionnt insreanss of
- the Belte Temperaturs at iene Ilge

" In Pable 2,31, the figures glven with each signdfiesnt treatment
besta of the seximm inereate of the R.B, oF D,B. teperatures or the
Mnmuqmmm (mml)mlhmtnmu

nummwmmwmummm

In hbl.
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Qo372 the figures given are the differences hetween the sverage values
for the four tasts of the mean inoressa during an expariment of the
relovant thermal fagtor for treatwent (1) and the mean inerease of
that same factor for the sccompanying mathod of ventiletions The
wu;mm have besn arpanged in the order of thelr aigpificance; tiwse
of equal affect mre bracketed togethers Tremtment (R) 48 not ineluded
in table 3.1 sinoe there won only ) instrunent, at the L' level in
Pasition I during this particular teste - : ,’

_ The resulie from fie twe 4! mmmmumm;mm
to & nore detailed analysis sinee it in the terperature snd hunidity
changes at thoss levels which will hawe the most sl nificant affects
on the physiologleal resctions and themal sensations of a subjeot
performing washing epermtions at position I and of & sented resting
subjoet st position Ilo ‘ , _

.. The contral of bath wet bmmm,,mb tongeratures ab this
leved in hoth poaitions oan be aalideved by o variety of different
ventilating mothodse  Treatment R (the epening of windows and the
door) is for obvious reasons. fhe most ecenendesl mothed end the

significance of such & treaimant omn bo resdily seen frem table Re3R2e
fwoh & nethod therefors oan be effeatiwely used for tamperature control
and.of ecurge is nost widely used in prosent dey prectieces Ihe majer
oanpleint of housewives appesrs to ba on tie question of moisture
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the working spase is often impractieal in winter time when adverse
external weather conditions prevails ZTherefore on these grounds an
alternative nethod muat be reoannanded for use during the winter tine,

fhe 3" x 9" extmator fan, with an air delivery of 300 aue fbe per
minute, edthar on its o or in conjunction with the right hand hepper |
window is alse scen from both fables te be an effective meons of ‘
temperature oontrel in hoth positions and of mmidity centrol at
position Ilge Although 4% predused & mean reduction of 1175 in the
ponk wvalue inoranse suah a figure 48 berely significant when compared
with %he standard errore The interaction of these two fastors was
nover signdficant frem the amalysis of warimnce, This was %o be
axpested frax thely relative positions and fSurihemora, one would have
thought that the effeetivensas of the fan uight have been redused by
the short eireuiting of the air entering the hopper windew to the fen,
However, this appears not to have been the cnses Jherefore, an
extraotor fan, of the dimensions and aiy delivery used ean he recowmended
for tenperature and partisl hwddity control when external weather
condltions deter the housewife fram opening the windows and deorse It
should be pointed out thnt slamltancous use of & fan of fhat pewer and
of & soal fire with windows and doors elesed should ret be made beswuse
of the adverse conditions, already referred to, whieh might quiekly
dewelop in & kitehan of the nize considersds

ummnmdw&mmnnmmumu(m
fire and hopper window) which by virtue of the alr change rate i%
effocted provided algnificsnt reductions of all three thermel faetors
exanined for both ndddlevel positiens except fer the dry bulb
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temparature inorsases at position 112 whlch was nearer the firee The
reductions in teyeraturs were significantly lower than for the methods
already discussed above, but 1% 4id provide, to a certain extent,
humidity eentrol in the working space, Furthormore, it hears been
reconmended in Postefiar Puilding Studien Mo 195 that & solid ﬁ:ol

flue should be previded in all modern kitehens in order to prevent

the steam and odours which are generated in the kitchen from permesting
the yest of the houses The preosent experiments have shown that in
sddition to this function a selid fuel fire ean cause significant
reductions of Lenperature, relative hmidity and condensation amtod
by the performance of & weekly fumdly washe | ‘

The fire plue the hopper window affected a mean of 5,09 reem ady
ohanges per hour whioh vas appreximately 10,000 cue £, per houre The
mruhrrn. Af fully effioient under the experimental conditions was
extraoting 16,000 ous fte of air por houre

. In view of %he findings of thess rocent experiments the minimum
recomended alr change rate of 30,000 eus £4s per howr should be
adoptad for temperature control in kitehens of appreximately 1,000 cu.fte
papasity during tha performanse of clothes wmahinge This cen be
sehieved either by an extractor fan (air delivery 300 cueft/min) located
in the lwmediate vielnliy of the sink snd gas wash boller er, when
oaxternal Mﬂm porilt ﬁ. w e :un Use ucmtm- and
external deorde. Signifioant yedustiens of the inereases of relative
humidity may not be m«mmmmmm (15041
eocur when wse is made of such nethodse
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Rowever, it is further recawnsnded that in winter tima, since
axtractor fans are not normally installed in demestic kitohens or
kitahm living reoms utr the present tine, ﬂxc control of molsture and
oondensation ean be achieved by making full use of & solid fuel flue
in cmjmcﬂqn v{vith..»hoppar or casoment "59‘.“*." in the pﬂmﬁ |
experdments the air change rate sffected by this methed was 10,000 ouefte
par hours It nchieved lhumidity eentrol at positions I and 11 and
roduced considerably the condensation at the expense of less qontrol
of the inereases of wet and dry hulb temperatures than was produced
by the twe methods menticnad ahoves Howover, Uhe inoreases of these
factora were still aignificsntly lower than the increases for the
eontrol treatments,

Swnary
(1) A series of experiments have been enrried cut to study the offect

of varying ventilation rates on N.B. and W,He temperature and relative

humidity increages and distridntien resulting from the operation of
a demestio gas wash boller,

(2) The physieal charmeteristios of the room ware assessed at 6
podnts over a &55 ninute peried, dwring whioh time the gas boller was
14t for 75 minutes eonsuming on the awerage 5 cuble feet of gase
(3) 6 different ventilatien ratea arising frem all conbinsationa of

spbreaaiee | mnew o
11 x = !
1At Closed n
and the additional treatment afferded by the intermittant opening and

elosing of the hopper and capessnt windows and the door, sccording %o
the scheduls of four housewives ohiosen at randam, were considereds
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(i) S8peeinl consideration wan gtﬂn'u the two l, t, level positions,
(5) Alr ehange rates bfthc 'CGE decsy mothod were measured for the
four treatments involving the Coul fire and the Fight fopper windew,
(6) The ream air wes smnpled et 8 levels to amsess the GO and GO
concentrations at peak perieds Auring the fagtorisl experiment referrad
to in (3)

(7) Recowsendations have heen made for minlwmm alr change rates for
tamperature oontrel and attention has been paid to the eoatrol of
molsture and condensation resulting from & gas wash beller being At

for a 75 minute perdods . - s R
% I
"N 4
* !
o
i s Ll &
i
S S ~
AT T
% g | *ir 3 o
Yy i o i\.‘ v
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5 5 % #e s 3 A =
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S 4.,-‘&‘?3‘.3 b - s e e
‘B = o L TH » % i 3 v -
X PN v Ryl il TS B 5 B e Dy 4 v
& e x
b e Wk A 2l A & \l
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PTER XX
i est, FExoerinen
Introduetion
Puring he period June 15%h %0 Juno 29¢h, 1551 & number of
usaretest axperimamts were carrisd sut in Reoam 2, &% the Thatched Barn
Field Test nite These were essentially rilot experiments as o pree
lininary o & more detalled inwestigation inte the phyrioclogieal
rosetions of housewives performing routine demestio tamks in kitohen
ving roems, Thay ineluded a detailed survey of the horizental and
vortieal distribution of humidity snd temperaturs throughout the
operation a8 well an phystelesfeal and mibjective observations,

The standard damestie task Sn this investipation was that of
perforning & typloal weekly wish for a fasdly of four when using &
aovenble, domsstie gar wash bollers As in norsal practice, this
appliance had no direct load to the oxternal air with the result that
the produots of & combustion were free to be 1iberated and aceunilate
in the working spaoe in the vieinity of the boller unless centrolled
by & muitable methed of ventilation. ' |

The problem of the contrel of idtchen atmospheres during operations
of thie typs in relation $o external olimatiec conditions 48 by ne means
an casy one and these pllet expérinents were aspesially desizned in
order %0 ascertain to what extent the cend)tions in the room csn be
eontrolled by the various devices available, Furthermore, the extent
to which the atmosphere is controlled has an impertant hearing on the
mmmamwmmwamm
mmmmw 1o results of thene experimentss

e e e Tt M1 e

PR ——
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In 198l Hay Re Mayers' '?) carried out an investigation into the
working conditions and sade certain physiologieal observations en
workers in New York stesn lewndries, He found that with bad ventilating
arrangesents, temperetures and hwnidities renged frem 70%, 601 RH.
to S00F, 91 R.M, which, although not extremely high in themselves may
have been hamful when added te the affeet of proleonged and strenuous
lahours FHe also suggested that atrain could be neasured in terms of
changes in systolie and disstolic blood pressures.

For convenience, the senles for bleod pressure (H,P.) in relation
%o sge used by & New Yerk Life Inswrance Company were taken as standard
and permitting & 12 per ocent deviation he found many of the workers
had abnermally high systolie blood pressures, pulee rates and pulse
prespures and low dimstolie pressures, There alse appeared to be &
dafinite relationship between working conditions in three different
classer of liwndrics and the mwber of abnormal blood pressures found,
tut no apparent relationship between the pereontage deviation frem
narmmal systolie and duration of employmante

Adthough the mature of the work done and the hmidity and temperas
ture levels are net so severe in kitehens during washing, the sapaaity
of the worker is generally net se great, Therefore particular care is
nocossary to enmre that aw-_-mmmmm
temperature and hmidity changes %o a minisum,

Hothod
(a) Ihysiesl Assesmmont
The experinents wore divided inte twe aeries, the firet oamprising

& rough thysleal cheek on the effestiveness of A newly installed




POSITION OF WINDOWS AND HOPPERS RELATIVE TO THE WORKING =
SPACE.

CANOPY BOARD

RH. WINDOW. RH. HOPPEP/
\ / | |_ 6'x6" EXTRACTOR FAN.

E/

GAS WASH BOILER

— P, s
4/ SINK.

‘?} | 8%5 AIR BRICK.
J/i N\

SCALE: m—————— FT,
Onial i gy 3. d
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éla
6" = 6" fan extracting appreximately 115 cue fie of roun alr per minute
in conjunction with an 8" x 5" aly briek vertically below it and &
canopy extending over the working spaces Fige Jel shows the loestion
of the gas boiler relative te the fan, alr brick and windowss Thin
wrrangeneny relative to the sink and gas cocker i easily psupged fram
Fige Go3 Witleh shows the arrangenent for the fastorinl experimentss

Thin preliminary, purely physical survey cesupled three days during
whieoh the bulld up and decay of temperature and hunidity as a resuld
of the gas boller being 1it for n T minute period wan measured at 3
lovela in positions I end I1 as deseribed in Chapter 17,

The distribution of temperative and heddity in the room was
nanmired under € different conditions with the fan epersting continuously
and the alr brick eopen,

(a) Day le ALl windeows and heppers closed,

(k) Day 24 Right hand hepper apen,

The sonditions attained in these £ tests eould then he ampared
with those of the faeterial experiments. From the combined results
tharefore the affestivensss of Mhe present yentilating srrangenant
oould be ganged,

The seoond series lasting four days comprised the actual user
tast @uring whish the demestis Wk wder Snvestigation was earried
onte Yor this, %wo subjeots, whom we shall subseguently refer to as
A ond B, wore useds A was & nomal average housewife, whiles B was &
trained demostie sclenoe eperatore This series was further subdivided
into ® parts in the following way. Each subjest perfomed the

prosoribed task of washing for & family of four on two ssparate




THE ASPIRATION OF THE WET AND DRY BULB ELEMENTS.

POS.I
POS.IT
oI
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I, M
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) I TUBING TO
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1| PSYCHROME TER
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S, OPEN TO VENTILATE HYGROMETERS N pPOsiTionsIl; ano T,
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cocasienss On the first ocoasion she was &t liberty to open windows
and doors as she herself saw £i% in order o maintain a confortable
working atmospheres However, on the second occaslon e subject was
siriatly linited in this respaat, the right hand hopper only being
openeds During hoth tests the extractor fmn was running continuouslye
A further slight modification was necessary for the user test
exporinents, In order that the apparatus for the physieal assessment
of the climatio conditions did not in any way inpede the subjects in
the exeoution of thelr taske, the temperature and humddities were
maasuréd at the L ft. level only in Position Xo Two instruments were
ventilated slsmltencously as showa in Piges 3.2 '
The mbjn«mnwo“hn.ﬂﬂ%undmpum
hiluhummﬁmﬁ period as possibles
B Phydou mmm were earrind out at quarter=hourly periods
from cbhtalssm ntml,mhltnhmuﬂlﬁ'
final reading at ¢ = 255 minutess
" fn the 11tk July, mx..wmmuummum

mmdut. z’h-qmu.m%nmdutwmﬂnt sories

.t-:mhumo ubm. t.-.. umuuutmm mansurad
u&muuaarm rw&m-um-m,w

Mimww-mm.muummf

wm:mauwmwm. tha only differonce belng that
mtnmmm.aumnmmmmummm
from the external alrs
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(b) Phyeielopiosl data

In the assessment of the phiysiologieal state the following

oksorvations ware sades-

ie
Za
Je
Lo
De
G

Ts

Bloed pressures

ulne rnte,

Orel temperatures
£kdn _cmv&unti.vi %

fkin temperature,

Resplration rate,
Aubjective sensations of heat, nelsture and fresiness of
_¥ha aubjeet nepording 4o the following sealess=

| Bumia +2
| Confortably humtd + 3

Heutral 0
| Confortably dry <2
Too dry ne——

-
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The skin tmperature was measured by means of a loll thermopile
whioch was calibrated in the experinmental roon. Skin cenductivities
were measured by the mathod of H. Bareroft and (,T.Ce fssilton (1%8)(20)
who deserihed some experimental ebservetions using the sudomotor test
after upper limh sympathectomye The prineiple of this test is that
the resistance %~ the passage of eleotric current through the body is
almost entirely in the akin and is determined wainly by the sokivity
of the sweat glandne This in its turn depands wpon nerveus exeitation
by the Wﬁ.ﬂO‘a)o

A fized eleotrode, consisting of a two inch sguare of copper
geuge surrownded by cotten gauge soaked in normal saline was strapped
%o the axilla and using & Le5 valt battary as & source of adnels, they
found differances in ouwrrent of the order of L0 miercanmps when a brass
exploring eleatrode was held firstly in contuot with the pads of the
14%tle Pingers in whieh both ulnar nerves had been blocked (centrol)
and then in eontact with the pads of the thumba of a muber of subjeets
when maxisal aotivity of the sweat glands had been induceds

Tt was thought that this prineiple might be applied, in the
present experiments, to determine the time of onset of mweating mnd
to give, umm.awuwnmmumam
preoduced over any given arens The following sreas were chosenie

le Forehead,
2¢ Front of upper arme

3¢ Back of neoke

o e e

e e




5

.

AREA COVERED BY MOLL THERMOPILE IN RELATION TO POINTS
TESTED FOR SKIN CONDUCTIVITY.
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The skin temperature was alse determined for these three areas,
Sinea ths ares covered by the Mell thermepile was relatively large
the area of skin sc covered was divided inte l; gquadrants and 5 points
an shovn An Fige 3e3e wore selected for skin eonduotivity, the mean
of the 5 readings being taken,

The elreult used 4s shown in Pige 3uie It conslated of the
sopper gause fixed electrode which was strapped to the axilla with
surgload tape connested through & 1l volt Wmitery and galvancmeter
to the exploring elestrode, Shunted across the gslvanameter were two
variable resistances O to 1 ohm and O to 10 alme in series to inerenss
the useful range of the apparatus,

The exploring electrode consisted of a spring loaded brass
conduator inside an inslating handles The brass electrode could
then be applied with constant pressure to & flat surface, Prelisinery
experinonts with an eleotrode of the type wused by Bancroft end Hemilten
showed that the current in the elrouit was affected conslderably by
the pressure with whieh the explering -h-tndu wan applied,

The internal resletance of the galvancmeter was £5 chmes and its
sensitivity 0.5 omne por miepesmpe Then 4f R 48 the walue of the
resistance in parallel with the galvanometer then the conduetivity
of the oireuit is given by

e 01

R n 2dx 10 ohms
e "0 4

value 4 4is the observed deflection in anse




APPARATUS FOR THE ASSESSMENT OF SKIN CONDUCTIVITY,

BRASS
[——= ELECTRODE. CIRCUIT  DIAGRAM.
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Es 2 skin resistance.
r = resistance of resainder of ofreui®
If Ra is very muech greatsr than r, then

. %ﬁg;g x .% % 10'6 dm"" 8 skin conductivity.
- ‘

Def,e R S 1 ohme
A = 10 cmse
ke 'i'?‘?" x 5 %107 olms

% 86,6 x 107° ohms™2
The exploring eleetrode was kept in contact with the akia m\tu

o steady galvenometer preading was obtalned, MWMM
wore notive a decreass in the walue of the resistances in perallel

umwmmmﬁaummnmnwmnmw«nmw
sealee I6 vaa hportunt ﬁuﬁ ﬂw mbjnt min.d quite still whilst
the steady uﬂnﬂm whs Mn; obtainad,

Prior %o the ap.rhum. preper, the mbjm' hedght and welght
were mw and the nbjm.' haesioglobin uﬁmw.
_ thamm Wmmhnetwombgutl'
.ummmm-qum. ‘

Mpwmndm»mﬁmnm.mmmdmuuu
mu»maummmcmmmm thutamum
uunnmhmmwummmmmmnnhw
h&oﬂuhmluuum&-muwdmuorm
mnmmmm;mhammaa.mm 3
mmmmﬁ-m'nnm ’ 1

mmacmuuum«mcmmm
Mmhmml”
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Zable 3.2
fleale of Gravity Resistancs Value (Crampten)
S8YSTOLIC BLOOD PRESSURE
Vaso motor %tone Inoreass Deorense
Heart Rate Inorease| 10 + 2 0 - -y =10
O=ly 100 95 90 85 B0 T5 7 65 60 55 50
Ged 95 90 8 80 5 T0 65 60 55 S0 LS
9=12 90 85 B0 5 70 65 6 5 50 L5 Lo
13=16 8 80 75 70 65 60 55 Rg LS Lo 35
17-20 80 75 T0 65 60 55 Eg Lo 35 30
212l 7% 70 65 60 55 Eg WO 35 30 85
25=20 76 65 60 55 50 LO 35 30 25 20
Egm3e 65 60 55 50 L5 Lo I %0 & 20 15
33436 60 55 50 L5 LO 35 30 25 20 15 10
37=L0 5% 50 L5 Lo 35 30 g5 20 15 10 §
INE AN 50 L5 LO 35 30 &5 2 15 10 5 0

Far blood pressure inereases greater than 40 add 5% to +10
solunn for each Sm.me groater than 10,

The oral tamperatures wera obtained with the normal type elinioeal
thernonetors | |

hhu&ocmtotﬁnmimtummm
subjeet spent 20 to 30 minutes sitting at yvest in the room in which
wmﬁmtm_iobomdnt. Sidn conductivity, temperature
and oral temparature were taken together with obsarvations of the
bloed pressure, pulse rate and respiration rate, first in a lying
ponition and then in a standing positien, Pulse and bleod pressure
rondings wore taken until two conseeutive readings sgreed, Also the
subjective thermal sensations of the subjeet were recordeds These
consistituted the base 1ine or sero readings, from whieh subsequent
changes were assessed,




PHYSICAL ASSESSMENT. W.B. TEMPERATURE INCREASES,
SHOWING A COMPARISON WITH THE MEANS OF 4 VALUES FROM TREATMENT(I)
OF THE FACTORIAL EXPERIMENTS.

GAS BOILER ON FROM T:30TO T=150. X 6%6" EXTRACTOR FAN.
o » * ® 4 RAH HOPPER.
@ WINDOW AND DOO
POS. I; 8 TREATMENT (1), e

INCREASES.

W.B'F  TEMP.

A il A h I a I - h L A

R ) 30 90 150 210 270

TIME (MINS)

Fl(ia B8
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fmllar observations o the above ware taken at the folloving timese-
le End of serubbing pcr.:lod.
®e Jnd of bodling clethes, '
e fnd of poriod during widoh subjeat had
| (a) taken luneh
(h) ussd wringer
he After hanging olothes wnd tidying the roome
Ge At the end of [0 mdinutes rest in the experimental roome
In making thess ebservations the following erder of procedure
was adopteds-
" Ae 14 Skin temperature ) Taken with subjeet stendiing in
;: ;&:m::yg mpmm;;mm mm
‘Be Subject lay In & eupine position en a dowch for w peried of
R winutes while the feollowing obserwations were medet~
oy
3. Respdrasion, ; 5 far
. until twe conssoutive readings wera in agreemants
‘fubjest then stosd up and Serden B was yepeated until twoe
emnsecutive readings of bload pressure end pulse rate agroed.
(8) he m , u
S m. 3.§Mﬂwmmmntmwwnsmm
three oxperiments of the series under m-idmua. nanelyse
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(a) 6" x 6" axtractor fan in sonjunction with an 8" x 5% aip

briek wertieally heneath 1% at the lowest possible level,

(b) Repeat of (a) with tha right hand hopper windew openede

(e) Both casemant windows apsned T7.", the rizht=hand hopper

windew fully eopaned and the door opemsd 18", The fan
grill and the air brick wers closed, ‘

Einece the results from (a) and (l;) are phthd uring the data
f'rom auiy ons exparinant in each case &t was net pensible to sempare
strictly the results with those plotted for treatment (1), However,
this rough shysioal eheck does show that the 6" x 6" extractor fan
m& prebably not an effective nenns of controliing she temperaturs
inerensen in either pesivion Ip of Iige Therefere, for the purposes
of the pﬂot user Sest nxpor!,mta from t&n roa_altn‘u wan denlded
that the fan used in sonjunction with the window hopper weuld previde

a eontrol treatment as opposed to the opening of windows and the door

by'ﬂw o lubja;atl. This would schisve eonsiderable differences in
mirmul Mn on tha then «hyo for eno subjeat, In other
wordl. the vantilation by the newly installed fan end windew hopper
would prebubly not glve rise to suffielent roduction in temperature
and humidity inereases as to causs nny differenas in the physielegical
resctions when compared with, say, treatment (k) (hopper epen only)

or trestaent (@) s controles, These observations were confirmed in
the user=test experimante end the date frem experiment (o) vhich was
eonduoted afterwards i also shown In Fige 3e5e

BGPTSR R AN TR

RIS IATRIRS SRR

e
M7 A YR AAPR TN
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Sliwve | d Inoreases.

POSITION 12 POSITION IIg
Feulk Final Hean reRk Final Hasn
Inorense | Inoressa| Jnerease | Inorease | Inorease | Inersnse
29 10 1340 29 13 1347
plus
[horser (b) | 2 - 700 @ - 3e7
[Window plus -
door (o) -7 «10 il ol} -l 17 5ol
Gontrol (1) 13 6 o8 | 20 ) 1~ P

Adthough Takle 3.3 han not hean drewn up in order that striet
comparisens of the l; trentnents ean be made it does show that the
nmddity inorenses indicate that elther trentments (n) or (b) would he
sultable as control treatments sinee the fan appeared %o be an inndeguate
moans of redueing the btuild wp of relative hunddity in both positions
Iy endl T3ge

Senolusions
From this rough rhysiosnl) sheok it appeared that the fan alene was

imdequate for tamperanture snd hwnldity contrel sand it was therefore
deolded o use the fan in cenjunotion with the right hand hepper
window as & control treatmente ammm-ﬂmuimma
& proliminary nature, the subsequant pilet user tests would prove
vwhather or not this was & setisfactory procedure to adept in
exporinents to determine the effect of opening the deor wnd windowe
= umwmm 1% was dedused from these pllot tests
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that €.4e conparisen would reveal sufficient differences in the indpesses
of tamporature snd hmddity as to ocnuse significant differences in
physiolegical reactionse
(b) Ihe User %test experisents,

fince the degree of aetivity of sach subjeet during any one
experinent was not constant the results shew that thers is no strict
sarrelation betwesn relative hemidity of wot bulb temperature at
position Iz wnd Crempton Tndexe However, there were definite
significant differences for hoth subjoots in thelir Crampton indiges
batween the days on which the wentilation was strictly sontrolled
(fan working and right hand hepper open only) and the Jays on which the
subjocts were at liberty te opan the door and casement windows as they
paw Tite Theose differences, whieh followed the rsme generel Srends
for both subjeats rust be attributed to the enviremmental differences
in temperature and hwddity and aly novement as ghown hy the praphs
(Figte 3efep 3eTes Jalay and 349)s

The following table glves & goad indieation of the effeot of
the offective tenpormture on Crampton Ipdek at certain times duwring
ench axporimente
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PABLE

Changes in Crampton Index for Subjeots A and B and
Effoctive Temperature,

SUBJECP A SURJECT B
Doy X Doy 2 Doy I71TT bay 8
Lffevt= | Cramp=~ | iffoct=| Crampe | iffogt=| Uranpe | Nffect=| Cranpe
jve ton ive ton ive ton ive ton
ano | few, | Tniex | Tep | index Lompe | Index | Tewpe | Index
0 578 | BEJS | 6065 02eH 571 825 | Gle® | 8540
60 | 620 | 6540 | 66T 6745
(-] : 6260 985 | TheR | 55e0
220 | 6RO | BRe5 | 6Te5 | 5765 | - 6360 80,0 | Thed | £7e5
165 | 608 | TReb | Gle® | LSO 0.5 8040 | TieO | 5040
836 | Gle3 | 0Re5 | 6340 | 8245
a5 ; y o dug inwn 590 67e5 | 7040 | 7040
275 6le0 | 8265 | 6361 | . TTe5 . s s .
P
N hopper only subjoote | hopper only,
4 A survey of sir velositles at varieus points in the room for the

trontments on Pays 1 and 2 had previously skewa that on Day 1 the .
mean air veloelty would be approximately 10ft, per mimute and on Day 2
R00 fite por mimute at the i fte lovel in the working spnces Using
those flgures, the effestive temperatures have been caloulated snd Table
Jols aliows $he difforences between valuos on Days 1 and 2 for both.
mibjeots asspolated with which are signifioant differenees in the.
Crampton Index obsepvationse The effestive temperature is evaluated
" inte & mingle index from sosbinations of temperature, Keddity and oo
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air movement and it was found that verious physiologieal respenses
ware apparently stimilated by and pelated to this Indexe (Yaglem,
19e7)\¥3), |

The eoafort some in the normal seale of affective tamperature for
perscns At rest has bean shovn to be between 63° and 71% Vernon
(2527)°24) argued that the Fffeative temparature index d1d not hold
whon heavy museulsr work was being done since sweating _vmuld canse
subjesta to be mors m&t&w to Wels tomperatures Yaglou at first |
tonded to agree With this sinos the seale had eriginally been developed
nging & subjeet perferming light worke However, experinents at
Pistoburgh'29) proved that the index wan not substantislly alteved
with heavy munoular worke Correlations of Rffeetive temperature with
W‘WMUW per hour and rate of i.mmn of pulse
rate per minuts per howur ware & alome as when subjoots were et rest.
There wore practically ne shenges in the physiolegicsl renctions wntil
the nffective temparature reached 757 vhich appoared to be the wpper
Lsd s of man's avility o fully mh for external temporsture
whilst doing hesvy musewlar worke ' "

7able e sliowa that on ne ceansion 14 the Rffective temperature

".aoudvs'ht mmmmxmum signifionnt
for both mubjectte

rnammsunmmun mmmmom
Wuwxmmmmﬁw-uummsmn
rorpsotivelye mwam. mommmw '
 ighars roashing 67650 and Ted® for A and Be Amsosiated with these
mmmmmmmumuum

RS R L e e R Y iy T pre—
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Index Yo 45 for Subjoot A and 85 for fubjeet Be Furthermors, both
mbjouts cmplained of fatigus at just those tines when these low
index values ware obsarveds ,

Also associated with these falls in Crampton Index were imersases
in the subjootive themmal sensatiomn of the rubjeatse This fmot is
shown on the grephs which give obsarved values of the sumeated
sensationn of Meat plus Vodsture as arsessed from the seale of
fable 3.1 at wwrlous times throughout the experimental pariods Crowden
and Len (uﬁ)(“) have shown that a high degres of correlation exists
hetwaan these muwmted semantions and both wet bulb tamparature and
total heat of the alr, |

Tenm 8
mm@tm:-m@mmnwmxm
at the foot leval hlulu to Mnl foalin: of stuffiness whilst st
the :mum keaping the mm. 1t has been rooomended that dn
rmmmm-mﬁuummi.mmm»w
leved (5 foeot) ummmmms‘rhmrmmmm
of sourse, omimh&u raspect oould enly be rade for Pesition

e mz.smummmmmmmmu‘
m&.&?mé“xm

’% the Verking Rpu.

(m 6" and 5'6' lovels)s




* (radient excseded 569% frem T &
W PO GeE%F " T m
The tble shows that the gredients at all tines were within the
apecified renge only on the days when the subjeots were pontrelling
the ventilation rates by opening the casament windows and in the onse
of Subjeet A, the door as waelle N R

Hedn Tonperaturens

the dlsorepandy causod by mﬂuumommmntoriuh‘
temperature by the Moll thermopile, beth from considerations of
&mauwnummmmmmm
mmnmmnmmmumummu&mmy
of the inatmament for the seasuranent of surfase temperaturese

Ingrensss in forehend skin tamperstures are assoclated with
incrensen in Della air bemporaturds Wl&%ﬁ)‘”’mm“ |
mmwmwmmmwm%m-nnon%
in Defls 8ir Semperatire at the I Pte lavel in the range 55% to 75%,
mmummu«mwua.mmmmum
sndustried taskse In & gradually hcnadlc ouvirmw temporatare
.mmwummmmmaumuaaumhm
ummnum»;.-xmmuanm"tm
mhn.n.mmm i s

" fhe forehoad temparatures resorded in the pressnt experiments,

neesuse of the mall tine aveilable for this cbesrvation were too
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The ranges in forehend tamparntures for beth subjects were as

follows:

Tahle 3.6

fubject's Forehead Bkin Temperatures OF,

ETRINET A Haan
Times minms- | 0 160 13p0 1305 | 836 1275 |Values

pay 3 | Forehend tanpe |93e5 il | 95aT| 9640 | 9545 3‘:‘?:3:‘
Delle Tempe Glied [BeT |68aT | 6Taly | 684 | G847
Day @ |Forehead tempe |J2e0 [ilie [96a0 | 5565 | el | 80l [ HieT

Liebe fene. (6800 ﬁ_ﬁi_@]_mm R
Mimes winers (0 175 1320 1305 |els |af0
Doy 1 [Foseuend tamre (53,1 (713 |9046 | o | 5005 |t el
| Pabe-Bompe ... 61ed [G0e3 |Ghe@ | 6ol | 6547 | 66
Py & |Forehead banpe |Hied (5368 |9248 | 9040 | 9301 | GLe3 23:’59
bl s le Yo5ipe 16508 |T5aT |T603 | T3l | 785 | T80T

mwmnmummmmmmbaunmms
signiriomts Thb AnIly variatioms aam»wnunn eorrelated
YAl Dale mmmuwnmbmmmmomuu

mmmmmmmmmw«mn the
thermal nmuﬁim to whiah the mbjasts wore exposed, Temperatures

oftluhd:o!‘”mdtmdummwmum"
mm

Dicdn Conduotivibiye
mmmmmmam.mmm

ﬂmtmmmnuwmtotmm The
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appearance of swea® on the forehead resuited in o varked inoreased
condustivity an meoasured, Table 3.7 shows the weasures in skin
conductivity in the two days for both subjects, Fash figure is the

mean fram the five readings obtained for each ares,

_ Table :o {
fubjeota’ Forshead Skin Condunoativities. .
(ohms > x 10°6)

OUBJECT Ae

) +hdely , ;
+ LS + T8 : f i s
166.8 I o2 lio monsurable inoreasess
+Zig | 4503 e |
7 7 sungror B
. . T R u———

e v 3

35‘";&ng§ i h§§§s E?_

+57ed | +23%1 | +3.2 | 468 | + 7.8 | +87.0
+ 063 | T13341 +3569 | thel | +20,8 | +hReT
+16,3 | +12%.8 +1s2 | +86 + 3¢5 | +10.,8
2145 | + 88,4 +1e3 | +tReR + 13 | +2644
1106 | + 26,2 =0e8 | - 0.8 t & +_Lie0
{nset of Sweatingi-
(n) Forehead hedianie & \
ibjoet Ag~ e Onset eosurred whilst subject was
O A I e SPie T e Dt

Doy R W weating an forehead &2 a result

sarubbing,




T
fubjeot Bi= Day le Fubjeet's sweating inoreased as a result
of morubbing,renching & maximm et
T 2 120 ninne

Day £¢ Showed seme trends as, bhut greater
increases than on Day le

(b) Foreams and Baek of Neak
fubjeet A showed no perseptibls indications of sweating in
these areaz on alther day. Thore were no measurable inerenses
in sonduotdvitye

fubject B showed & trend with skin temperature being more
narked en buek of neok thin en foreaywm,

Oral Temperatures.
fubjeot At= The maximum difference Betwesn the two days was
0,8° heing hgher on the first day. (970097 )e
The maximum change in any ene day was 1,0%
__ aocurring on the second daye ,
Subjeet Ba= The maximm differemee betwesn the two dayn was
o 146% bedng higher on the seoond day (90.807),
The maxlmm ehange n any ene day was 1.3%
m on the first daye
e two subjests ware opposite in Both veapects and nothing
signifioant as regards orel temperatures could be obtained from the
1 ted mmber of peadings taken in these experisente, Mam.
there appeared o bo no sorrelstion between oral temperature and
Crampton Index under the exverimental oonditions that existeds
Ho useful infermation was obtained,
© 7 in thete pilet experiments, ene of the most important results
from the physiologlenl standpolnt was that the lowaring of the vase
sotor tona of Loth mubjeets Guring periods of maximum aotivity was
suoh more narked en the days when the tamporature and husddity were

tghare During Whe days shon the sbjects themsolvas controlled the

A
PPl | SN
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wntiigtim. the DB temperature never exceaded 71%F, and the
relative humidity for subjects A and B never exceeded 707 and 80F
rospectivelys ‘rha maxinunm decreass ln thnir Cranpten indieca mud
by serubbing was 11.5% far A and 304 t‘or H. tn tho other tumd. vhen
the nntilatim RS a*.rictly oontrouad. huu:ltutin ruchod 905 und
the dry bulb tanperatures 7?-0°Po and 79.1’!‘. l‘or A und Be In ﬁxll B
oane, 610 doomau u Crmpm m wore A, 56.% and B. 57.%. |
'rho dimnm in onvﬁ.rornonm cmd!tim on the euo daye was much
greater for Subjeat B as shown in Mlo Jelis and this appoand to
cause & hrgor choruu in the cmm m on my 2. ?or both
mbjnn Auring thelr firet tnta m Y80 mhr m wan wleaa ﬂw
mrn-a. unu- uupt during the mhbtng mr&od. m- vas not uu
ease durxag the m::»-mum.nsm-u mM prtu'
%0 lm\chtimbyﬂubjmnmdutm' thlwrl.nginr, perdod for Subjeet Ae
~_Noth subjoets remarked that warking cenditionn ware comfertable
throughout when they esuld do &s they pleased, hut 1t should be noved
that fubjeet N 444 net epen the doors Furthermore, the rhysioal
conditlons wirdeh similated the ventilatien employed by Jubjeet A
showed that the fun eould be dapenned withe FHewever, whén only the
corralation of physiologieal wnd shysioal data hes not basn possible,
M‘\WMM”“ WMM“&W .
’WM“MM&M“MM&N“%
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subjects,

1t appears, therefore, that the west importent fiading frem
this series of experiments was that physiocally und physiclogieally
wnider internal. susser conditions in tamperate regions (D.B. 55%F.
to 70°F) when full use is made of windews and doors, (design |
permitting), as sources of ventilation & semfortable working atmosphere
is attainable throughout the period of setivity in the eperation of
demastic washing involving the uae of s gas wash boller in o roam of
the size employed in these user Lesis,

. Furthermere, the smarked differences in physiologics) resotions
and increases umwommuwumm togather with
the opinions of the two subjoots siowed that & 6" x 6" fan extraeting
115 enefte of alr por minute was not an effective moans of maintaining
s eanfortable working atmesphere in the recm.

D sonandon.

Leonard 7111 (1895)(%8) pirpk introtuonn argunents in suppert of
rosotions to postural shange B8 & tont of physieal condition. The
splanshnie aren oan hold & very large propertion of the bleed in the
hwnin body end en changing posture from lying o erect position &
largs emount of blood would collset thers 4f 44 were not held in
sontrel by wuso constriotion. X this constrietion A4d not teke plase
a narked lowering of the blood pressure would cocur and if 3% was
axoossive the Blood prossure would pise, In £1% and heklthy young
mnmmwﬁwm«umﬁnmmm
compensated for and the asmmption of an ereet porition was scoompinied
by & slight inorease in Blood pressurs. It was argued, further, that




8l
in fatigwed persons the vaso moter mechanimm failed to renat properly
and an inorease in the heart rate cecurred in an effort %o counteract
dininished tensian in the dbleod vessel wallse.

Y —— ‘1905)(29) (30) (31) (32) (33) wne of this coindens:. Ko
also argued that inoreased ventrioular contraction would cawre & rise
in the fmmediate maxiswm bleed vressure in the arteries since the blood
would be forced mers sbruptly inte them, but unleas there was aleo an
inarense in the heart rate there would net he any saried inerense in the
mean arterial pressurg. This was further substatiated by ¥rlanger snd
Rooker (1904) %) who 1eld What She. preseure mould-be Jow fur &
longer parded than 1t waz high 4n any one cardiae oyeles

In Grampten's Bloed rt’uh tont At was asmumed that the arguments
firast proposed by Leonard 11}l were correets I% was long eppreaiated
that the aimplest way %o test the eireulatien was to note ite
ronction to a standard amount of worke Grampton's standard loed
inposed upon the elreulation was n sinple and entirely natural ene,
The test consisted dn ebserving the resction of the eirevistion to the
load pleced upen A% when mmmmm:m._m
%o a vertiond positions Por, in the horisental position eireulntien
occurs in one plane enly but en rising the bloed pust retwrn fram the
lower helf of the body againgt grevitational attractions The mechanisns
for earrying ont this procass ares= ;

(n) Contreetien of the lﬂlmln-lbmu.

{b) Inerense in abdominad tensdome - - o o o .

i 4e) mm»mmnum.muam

splanchule veins aeting to prevent wn asewemlation of
. hlood in the eplanchnie reglon as previcusly mentioned,
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In conntruoting his sonle, Crampten teck the records of several
hundred normml fit yowng men and found that the tota) renge of the
obssrvations were from 0 to =10 mnallge of systolie prossure and
from O %o L inoroaser in hoart beate per minute on aotively rising
to the vertieal rositione Furthermore, sincs he found these ranges
to be statistically equal they were aseigned egual values and each
divided into 50 steps with the feir asswmption that these steps were
equal in significunse, Thewse ti;uru constituked his original seale
vhioh had been derived from normal subjeets, However, this 114 not
prove to be a complete scale since records from very siek nnd f'nﬂ.gwd
persens scon Mmhd th; nocessity for axtcmnng ite mh was
dona, the soale btm mM in both Mmlm un!.ng the M
peAsures &g had heen ltumm-cuud for noraal uuh;)«t. m CMM
mmw.mnmammmmmtmuof muu
uppruinﬂly ﬂu Mﬁn of the gnvuy r«lnﬂns W- of ﬂu
human body in hm d‘ o singls index,

Mdmhcmhm. m. to show that in muml
nm¢ ma thm is Mwmmmunmu
bl-»d ynam M nn maum nhhha but in poorly ondtt&m‘
p‘np].. the change u sither positive or mpun. Anstability bosu ‘
mu«unormm;twmmomm-. This
aiowad “lton that the Omhl m-n of Mm\hm
mmmnmwuuumuu-mmmw
physiond M m‘mu the index on 410 nen n% Mitoheld
nou.u.a.a. hlm RMM!&MMW&M
mWM“WM&O“MMM m
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fohnelder ?m(’é ) ‘3 @ ﬁ&. fMl tont tlul -mgm relative nlnu
on &n mporienl basis %o m\oh lm Q.n n nnablmd mt to y‘.lom wn
arhitmry mm BOOIEs This test was an anpt to cambine the heat
mwna of the (.rmptm uat with tha mm puln rafe inmn
tant on mmdh\g and tho Fostar xmln mnlmum tut rnulm
from owcin. fince miu rorna an lnhml purt of tho |
asuam it wan not maih’oh for the mmt mhn of nw&mta
where u was eumﬂux ﬁnﬁ inhrrm wuh ﬁu mb,}am mﬂm
Mld ho mm tao “ lmumn. !{m. u may be mst abuluh
wlnu tu' tho Crampton mdcs are et qunmmbh nuduy nnd that
1t does sm mm a m«u« muma for eanparing wnmt
mhjutl. mﬂo mm, Mwm hhamtumm
of mnn lhlaau h WM‘W and M mulcll
nnm,wummnwmotwmmmm
individunl humnmmamwmmmuu
muﬁ;mlhmhlnnuhhx:rmﬁowmw
m.n.mm mzmmummm-m.-bmuu
dwmmm wln wmmplnnhﬁmm_mm
;au.mmm-mnammmwmmsm
| mm-mu. Jmmmm. ey

(n) mﬁ&a’:& .'row,lmlnl- sr.rﬁ x P.R.)

SR

‘ X »
o) e ""?"mTJ m»m (1920) m» s),
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(o) suu-um welghting in a Multiple Regression Rquation
or optimun otione Rond (1982) fiale (1971)
W (1931) karson (1535)e

In 1937 larson showed that standing tests were more valid than
sitting toats and that F.Ps could be considered a more valuable
index than pulse rates This works however, was never published,
but studies wﬂ“ out have shown that, _ﬁmn_h“u eentalning |
both bloed pressure dnd pulee rate fre better correlated with athletie
ability than indices centaining blood pressures enlye

The Crempton index is compared belew with changes in 3 other
Indicas which Mld he mdtly'nmu-d under the experimsntel |
conditions taab prevaileds The Indicss woresrs

(&) The Frlangep-Hiooker (Pulse presmwe x pulse rate) indexe
. Buring sxercise or lmwmdiastely after, 4t is considered
%o be appraximately equal to hoart outpute The

dtﬂmlun ;:.: ::“ oorrect wvalusa for bleod
pressure e ne componania
rapldly affter exerel "ﬁ' ——s

ummmuu-uqmpmeatnm
in upuelly assoolated with low, rether than high,
pulse ratese !

(b) The Stene Index am“ ) |

’ u).‘ywmum '(m-nu) :

The reasoning for both (b) and (o) s baned en the Aemumption <
mumm~mmim-mm.pm-m‘
muuun.r. Mwhmm'pmhdwwdm
mm-mmum' ,.

_ Gable 348 glven the changed in thess indless for fie subjects
tn relathon to thedr resting wluas obeerved on Iy 1 wnd Doy 2

WO B 1 - 8 IR oo e e P
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Jable J.6

Ghanges in the magnitude and sizn of physieal fitness
inddonn in relation to resting valusse

SURSTCT A
s Erlangor=
| Crempton Hooker Gtone Tigerstodt |
[P -:':r"m"!"‘m-!‘wf‘?“ %;‘7" ey T Day 2 | 'n'n'ﬁ !'%-TT' |

Experinent
P A R .

sarubbing P17.5 (=150 [ +228 [tL50 | =13 0 -0 0
Before Jmoh [ 0 [=17e5 | T112 [420 | < 12 [« b | =085 |=gt2

AfGor L .

wringing 100 (=375 | =38 [t 70 w l7 (=08 | =08 |=g0
- hanging eut | 0 0 w2l |10 | =915 =08 | «s07 |ws0h
After rest

pered |0 500 | 7 Ivgg0 |-l 5,08 =ty
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For the Crampton Tndex, the shanges duping any one expariment
end the dAfferences batwesn the twe dnys hiwe alresdy been discussed,
Pith regard to the othor Sndloes 4% is of parideular interest %o
considar bheti. subjeots sonarninlyie

" Je Sub Az The three indioss other than the Crempton

SRS S e R
exaot converse of the opinlon of the subjeot and was not

oenalatent with the M fferences in envircwental conditions
o the twe dayne

R T N
nhﬁcundwﬁmm

mmuu.r unnm.mmtmsm"n
mmmmrwunmmmmtuwnmwmu
np.mmuummmmmmmmmcmud
Wuwmmmmuwmhuum
I 2583, hawever, he Now York State Gomdssion n Ventilation'3®)
wmmmuumumwamMumu
.wuwm mw-mmnmmtmm
muwbwmmuw&tﬁnnhanﬂmdmth
dalm MMndummwtmwMﬂ
ummam.mmumm:m:.mm
mmtmxywu&mwﬂamm
Mmuxmhﬂwmmmm
mmu.mdumm Mmh
wmuwmwmnuuu@wumnmu
unehanged in the atnoaphere censidersd but that exposures Yo higher
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ﬁmfaxms’ decreased the perirheral rosistance,

The blood pressure depends upon the eardise output end periphersl
resistance, the latter consisting of the skin and splanchnic vessels,
Now Grampton considered that changes ware greatest within the
splanchnic vessels and for e mm at ntthll constant enviromental
effective temperature m. may woll be n. am, when & mubjeot
is exercising in changing envivormental _cwt;m of temrerature and
hanidity the skin vnmhvmibo m;uM MM. the
greater the dilatation by the skin vessels ﬂu hgg the compensation
afforded by aplanchnic cm«n. An nlmﬁﬁa in resting pulse |
—gumm‘mwuwﬂu |
Crampbon Index does not necessarily mean n deficiency in vase motor '
tone, Hewsver, when the Index fell the mubjective ssnsations sheowed
uumummumm to seke in later full scale experinents
al rw.a studiess The follewing reeswentations for future
mmmrmmmmm-«mmmm ;

E
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(b) Physiclogioals

NMiference

G8e

le Blood pressure and pulse rate in the supine
and standing positionse

2e Skin forchend temperatures using the loll
thormopdle sdght pive inBeresting results if
ohservations could be carried eut on &
large mmber of subjeots.

3¢ Skin eonductivity. The apparatus used, whilst
not asourate for an absolute measure of the
amount of swent on the skin surfece, sines it
gives not only an indication of the presence
of sweat actually en the surface but also in
the sweat glands, in addition possibly, to an
incrensed peripheral blood flow cemponent,
did yield very useful information ae teo the
onset of swoating and & rough neasure of
relative sweating ratess Frequent observations
would he necessery to establish the exaect time
of onsat of sweatinge

fuh

The figures showed that there was a difference in the changes

in vaso motor tone, skin surface tesmporature end relative eweating

rates of the two subjeots,

Subject A was 30 years of ages Subject B was L;7.

Dowerys

A mmber of pilot experiments have been econducted to exsmine
certain physioclegical reastions of two subjeats performdng the
routine demestie task of clothes wnshing in a kitchen living room
at the Fleld Test Unit, Thatched Bam, and at the same time the

horisontal and vertical distributions of temperature snd humidity in
the room wera observeds
MMnMnldw“mmqorﬁnwmom
dun to differences in the envirommental eonditions caused by variations
of the ventilatien rates of the room have been desoribed and the use

 of the Crampton Index is dlscusseds

"al‘l‘;é.;w...‘xu_‘_‘_‘-s.' A N U SR S P
Lo 2 ’ A = i
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The findings of this pilet study indicated which observations

were worth while taking in future fulleseale user-test experiments
and the experimental routine whioch could be carrisd out with

pindimun disturbance %o the subjeota in performing the speoified
nske
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CHAPTRR IV

The Fall Seals U @ rinent

The results of the pilot experiments concerning the physiologliecal
renctions of housewives performing a typical weekly wash for a femily
of four persons when using a mowable domestic gas wash boiler gave a
definite indieation that the extent to whish the atmosphere in the
room is controlled has an important bearing on the physiological
renctions and subjeotive thormal and fatigue sonsations, of the user,
In the lght of the results of these preliminary experinants it was
decided to carry out a further series of experiments en the same
problen with, however, several differences and improvements in
teahniquas

The nost lmportant difference was the pressnce of a control
subjeot aituated 4n position IXe Furthermore, four working subjests
were employed making 8 experiments in all,

Sinee skin surfave temperatures and skin conduotivity of the
foreanrm and back of neck regions yiolded ne useful data in the pilet
axparinonts, such readings were excluded in order that more freguent
readings of the forehead skin conductivity could be taken, thus
giving more exnot information regarding the onset of sweating en
the forahende

1% was nlso decided to arrange for longer pre and post experimental

pariods in order to emable the subjeots initially to acolimatise
thenselves to the atmesphere in the roam and fimally to reach a
Mwmm&un the working periode

e AN S P A LTSt N PN
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Method
(a) She Assesmsent of Room Climate |

The build=up and decny of temperature and hunidity as a result
of the gas boeller being 11t fer appreximately a 50 minute period was
meamred at 3 levels in positions 1T and at the |} £, level in
position I (Fige Re}) making L} points in alle The follewing notaticon
has heen used in order %o idntify themie

Iz = Position I. L, £4o lavale

II3 = Position II, 6 fte 6 inse lovel,

Ilg = Positdon IIe L fte level,

113 = rosition Me 6 inse Jowel,

For this pwrpose 32 gaupge copper constantan themocouples were
attached to the wet and dry ulba of suspended whirling hygprometers
as described in Chapters 1 and 26

Fach subject performed the preseribed task of washing for a
family of four on two sepmrate ooccasionse On the first cccnsion she
wan at liberty to open hoppers, casement windows and the deor as she
herself ssw fit in arder to maintain a eanfortablo working etmosphere.
Howowar, on the second cceansien the mbjm‘m strictly lndted in
this respect, the right hand hepper only being opensds

The mubjents were reguested to restrict their use of the gas wash
béiler to approxbmately 50 minuten and in all oanes within a few
minutes they found this peried quite adeguates

Physical measurements were carriod sut at quarterehourly periods
fron T ® 30 o T 8 270 and subseguently every half-an=hour until
T = 3%0 minutes,

T A Tyt e g e
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The actual experiments were arranged acscording to the following

tablay
TABLE: Lied
Days " Subject Cantrol Ventilation
washing Subjeet arranzenents,
: : -
3 B ¢ ) TReie Hopper
L A B ) opsn onlye
5 ¢ R= Arranged by subjeet
6 ¢ Fe ReHoHopper anly open
7 D c Arrangoed by subjeet
& » G R.H Hopper only open,
®= These eontrol subjeets had to be obtained at short
notice to doputise for Subjeot De
opmmetriec Data of the Wor Subdects
A 5 fte 1 dne 8 ate 12 b, 37
B 5 f% 1 ine 8 ste 7 lbe 31
¢ 5 fte 1 ine 8 ste Tk b 50
) 5 fte 2f ine 7 5te 10 1be 30

In all,6 mibjecta were employed but of these only L were
aotunlly engaged in the washing operntionse

R e ek g L= i ! i |
it e M e L e Bt G S e e
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Roen Climate and

of Crampbon Dndex,

Forehend Skin Conduotivitye
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Three observers were neoassary %o take the required data in the
roon and the experimental arrangsment ean clearly be seen by studying
Fige Liele (m the left the control subjects' pulse rate and aystolie
bleod pressure, whilst in a supine position arve being messured in
order that a wvalue for her Crampton Index ocan be oomputedes The
ohgorver in the centye is rending the potentiometer, the readings of
which give values for the wet and dry bulb temperatures at the |}
positions already deseribeds The third cbserver is assecseing a
neasure of the ferehead skin condustivity of the subject in the
working space frome reading of the galvanometer shovm on the small
table on the righte Also from this photograph the relative positions
of the casenent windows, hoppars, gas wash boller and sink are
easlly gavgede

of (2] r .

The pilot experiments had indioated that of the warious
cbservations made, only four seaned likely %o yleld useful information,
nolys blood pressure, pulse rate, skin conduotivity and subjeotive
thermal senaationse The purpose of the obserwvations on bisod
pressure and pulse rate was to obtain values for changes in the
Crampton Indexe

As already indicnted the Crampton Index 4s related to the vasoe.
notor tone of the subject s it is derived from the changes in pulse
rate and inorease or desrease in systolie bleod pressure on rising
from & prone %o a standing pesitions For the evaluation of the
Crampton Index the following readings were takente

it S s M ol g o

B ais



Sie
Syestolie blood pressure and pulse rate :

(a) at rest in the prone position, lying on & coush

(b) after standing for 2 minutes in an erect positions
Readings were taken until two consecutive ones agreeds The skin
conduetivity was measured over e the centre of the forehead, this
position being chosen beoause of the following censiderationsi=

le The forehead skin overlies little musole.

2¢ Previcus experinents had shiown that sweating was more constant
in this region,

The relative lack of musele tends to elinminate variations in conduotie
vity due to wvariations in blood flow through the underlying musele due
4o the performance of musoulayr works

A diagren of the apparatus used for the assesament oFf of akin
conduotivity is shown in FPige 3.l and the deseription of the apparatus
is given on pebb.

The experimental time was divided up inte three periodui-

(1) A period of rest and seolimatisation in the experimental room
(30 minutes)s

(2) A period of work the mbette’: oo ortionior washis
n:.um. (approximately I W:‘;o -

(3) A period of 1 hour, the "necessary stage" during which the
subject remained at rest in the experimental roeme

These experiments differed from these previously carried out in
the following respectsie
le A eontrol, resting, sitting subjeet was present in the experimental
roan in position ITe :
2 Systolic blood pressure snd pulse rate readings were takem every
20 minutes for the control subjeote
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3¢ Vhoreas readings for the evaluation of the Crampton Index were
originally taken at the end of & partioular phase in the washing
routine, they were now taken every half=hours

The skin conduetivity was measured on the average every 10
minutens throughout the whole of the experinente When, Lowever, there
wae any indicatlion of & great change in the skin conduotivity,
readings ware teken every 5 minutene At the same time as the con-
dustivity measuwremants were taken, the subject indleated her subjective
sensations of heat, moisture and fresinesse A list of these thermal
sensations and their appropriate mmerieal equivalent indices were
easily accessible to the mbject, The akin conduotivity W and
her sensations were taken whilst the subjeect was in her working space,
obviating any error that may have cecurred by passing from one part
of the rom to snothers The control subject remained in the working
room for the da\plo'q qtparmm period save for the ccoasions when
neals were taken in an adjoining rome

The peried prior to the experiment proper was ineluded in erder
that the subjeet might familiarise herself with the suwrroundings and
the mmMo of the various observations.

The washing technique waried slightly from subjeet o subjects
Rowaver, a careful stndy was nade of each subjeot's procedure and to
pressrve uniformity of sotivity on the second days, a timetable was
given o the subjost with inatwuotions to adhere to 4t as closely as
possibles The aotun) amount of clothes washed varied from subjeet
%0 subject but each subjeot Ald the sane amount on the two days,
Therefore, the only varisble entering the exparinents was the |
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differance in the climatic changes on the two dayse It was the
effect of this differencas on the changes in physiological and

smbjective reactions of the subjeots which was to he studieds

Results
Crampton ?ﬁu and _changos in Swaated Sensations ngm g
changes the room clinate.

'rhou;a exporinents were carefully controlled, although only
carrisd out on a mwll muwber of subjectse The findings olearly
indicated that the Crampton Index followed the same general trend
of change on both days but was significantly lower on the second
day vhen the subjeet was working in a warmer and more hmid atnos=
phere which caused greater thermal stress, as indieated by her
subjeotive sensations of heat, moisture and freshnesse This was
ghown to be the case for all the four subjects whose reactions
wore obsarved.

The inereases in Nﬁjootln sensations of wamth closely
followed the increases in the W,B, temperature as might be expectedp
moreover, deereanes in the Crampton Index corresponded with inereases
in the subjective sensations of thermal discomforte Minimum walues
for the Crampton Index were seen to approximate to maximm wet
bulb tenperatures at the L £t leval in the working spaces

During the pre=lunch period in whlch exercise, in the form of
washing and sorubbing was carried out, a marked lowering of the
Crempton Tndex was obsorveds Furthemore, the fall in the value
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of the index was more marked on those days when the ventilation
control was limited and caused a greater rise in the W,R, temperature.

Subjecta A, B and C had lunch in an adjoining room maintained
&t DeBap 65°Fes Refleg 50%e During this period their Crempton
Indices showed a distinet risee 7This incremse was less maried
howawver on those days when the mre-lunch themal stress was
greater, excapt in the oase of Subjeet A whose Crampton Index at
this tine exceaded the resting value on both ooccasionse

fubjeet D took her lunch in the same experimental roome The
recovery, in respeet of the Crampton Index was much less marked
than in the casas of subjects A, B and Co

Further aotivity after lwnoh, mainly rinsing of beiled artioles,
wringing and hanging out, also caused a decremse in the Crempton
Index but not so marked as that found durdng the pre=lunsh peried
vhen the room temperature was highere The after lunch activity
was not so exnoting and the differences in the Cprempton Index
decreases en the two days under omparisen were not so greate The
differencea in the enviromentsal temperatures on the two days after
the gas wash boller had been twned off were very mioh less than
during the working periode 7he maximum difference observed in the
WeBe veadings were 0%, within the 60°F, to JO°F, range.

The Crampton Index reached ite minfmus wealues during the
period at grontont stress, approximating at the middle of the

r’l . 3
T per.), i
T T B R R o £ T A R O ¢
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washing pericd whilst the gas wash boller was in operations The
wnina were renched at approxismtely the same tines on the two
dayse This was partly due to the effect of work and partly due te
the rise in temperature and humidity, See table .2 showing
minimun valuese

It is sesn from Table Le3 that dwring the last 30 minutes
the echanges are generally less than during the last hours In faot
the last hour consisted of (&) hanging out the olothes and (b) a
period of 30 minutes rest in the experimental roome In other
words, recovery took place rapidly en leaving the hot roome

The major part of this change generally speaking took plece
during (a) which entailed entering an adjeining eorrider where
the elinatie conditions were different from those in the working
rooie

The greater change in the Crampton Indax can be accounted foy
by the faet that the W,E, temperatures and the R.M's. were
aonslderably lower in the corrider than in the roome The control
gabjects did not show those marked variations in the last [0
winutese The changes were randomised between 20 and «15 there
being no apparent differentiations between days 1 and 2,
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TABLE 4.8,

The Crampton Index and Subjective Therunl Sensutions in Relntion to
Roon Clinste und Experimantsl Phane.

DAY X DAY
(Yents £ {Ventilation controlled)
Time ¥ Sumnsted Time Op Sunmated
‘ML E.B. R.HO & c.‘\;g “‘i-ﬂo Roil. Sm ﬁﬂ&* ﬂn 8 C. I *
SUBJECT A
Infitisl 20 59,2 a%d -2 65 0 57.85 784 0 30
After zcrubbing
(min.velue) 80 66.8 87% +4 75 12 71.7 0% 411 40
After lunch 210 61.0 82% 0 a5 210 £7.0 899 +3 100
After wringing 270 60.5 g -1 75 240 6940 904 43 858
Pinnl (after 0
minutes rest 330 59,2 43 54 - 2137 53 0) 6640 aah -2 g5
SUBJECT B
Initizl =0 560 20% -1 100 ! 52,0 a27% +1 a5
r serpbb a 2 78.6 | 873 411 30
20 87 +5 65 90 e 3
ﬁ&ﬁ'}“ ;158 g 2.5 | = 82*3 0 1056 210 66,0 8ns 43 85
After wringing 240 62.5 154 0 60 240 6640 9% +5 45
Final (after %0
minutes rest) 320 60.7 807 -1 9% 250 64.7 875 43 20
s

(Omtd.....

*66
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DAY 3 DAY 2
W@n&%ﬂw (¥entilntion controlled)
Time °F Humrnted Tize °r Summated
(m’ [ R.He Cale _‘1’{1’\ 8 ) ¥oBe R.Ho_ w Cole

SUBJECT €
Initisl 20 62,1 | 87% +2 80" ) 59,0 h 4 0 78
After scrubbing

(min.velue) 120 65,3 | 83k + 25 170 72.4 | ©6% +14 15
After lunch #10 635.6 and 45 75 210 67.0 124 +5 85
After wringing 270 63.0 gt +5 55 290 67.0 824 45 40
Final (ofter 30 |

ninutes rest) 30 62,4 a4 -1 70 520 64,7 735 40 2%

SUBJECT D

Initisl 0 60.5 geg -3 105 =0 59,7 799 -® 8%
After scrubhing

{min, v=lue) 150 64.2 687% 4+ &80 120 70,2 874 + 0
After lumch 210 645 56% -3 75 210 66e2 6% 43 0
After wringing 250 66.5 865 42 70 270 67.0 92% 5 25
Finsl (after 20
minutes rest) X+ ) 64.2 8675 -3 £0 %0 652 805 41 75

‘0t
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Chengons in the Subjects' Crempton Index due to:
(s) entering corridor %o hmng out washed articles,
final 30 minute rest neriod in the Experimental Room.

(v)

Differences in Changes in the
Pifferences hot- Cranpton Index Cramnton Index
ween corridor mnd | after hanging out during %0 minute
ﬁnmm..._ Llathes An coxridox ~xegt_nertiod. .
llalla] Dalle] ReHe mn mm
pl cxl & LAl Bacl n ARl L p |
Al 463 4.4 9.0 410 +5
BA Bl 7.9 | 7.0]| 9.0 +28 0
R C|6a0 | Sal | 15,0 45 +1o-~1
D] 4ef | 6B | 9.0 0 410
Al 70 | 4.9]| 13,0 | 410 il
; Blled | 7.3] 22,0 +35 «f
DAL C| 5.7 | 6.9] 3.0 435 +10
Dl 7.8 | 4.,5]| 18,0 +20 +30

4 Raining outside.

# Pigures obtained by interpolation,

Hegative sign indiountes corridor waymer or more humid then
Expoerimantal Room.

TABLE 4.4,

% Decronnes in Crempton Index
for Vorking Subjects,

DAY 1 DAY 2 DIFFERENCE
A 1.8 8545 3648
B 1.6 68.4 8.8
¢ 68,7 85040 11,3
D 33,5 6646 3345
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Table liJl; shows that the % deoreuses in Crampton Index was again
greatest on the 2nd Day for all subjeets, the /. decrease being least in
Subject A and greatest in Subjeet Ce The latter was in an older age
group, and the Subject sald that she felt the work was rather
strenuous for her on both ocomnsions.

During the post lunch working peried the variations in Crampton
indices were solely due to wvariations in astivity since the W,R,
tempe (800 Figse lieRes lie3es Lislies LeSes) and DoBs temps., showed
little decreasss The differences between days ean be ascounted for
by &m differences in W,R, tamperature and sir movement,

The Centrel sublects.

A comparison of the trends in the Crampton Indices throughout the
experinental period has heen nadee Such a comparison has only been
poasible when the same subjeet has acted as contrel on the two days when
the ventilation arrangenents have been differente Therefore from
Tables L]l showing the subjeots participating in the experiments on the
various days, it can bhe seen that these comparisons were possiblej
namely (n) Subjact B, Days 2 and L, (b) Subjeet C, Days 7 and 3,

(a) Bubjeot C, Days 7 and 8,

A tanle far (), (b) and (6) has been compiled which illustrates
the differences in the trends of their Crampton indices between the
two dayse Also shown are the initial peak and final values of the
WeBe tamperatures and the relative humidities at the L ft. and 6 inoh
levels in the space ocaoupled by the contrel subjeet, L.0s positions
1Ip and IIg, the remote cornere As was often the oase the maxima on
the two days did not ocoour at the amme experimental times In such
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caner both maxima at the different timea have bean shown together
with the corresponding temperatures and hunidities at precisely
the sare tine on the other daye The significance of the difference
in the trends of the Crampton Index in both cases for (a), (b) and
(e) have been tosted and the relevant results are to be found
under each table.

o



(a) Subject &, mcting as Control.

JALE 4.3

Crampton Index Differences and

The Stendard Error of this difference = 3,2606.

Difference Signiffcant.

Hence ¢ = 9,81 = 2.91;

3.266

Dnye 2 and 4.
DAY ) DAY 2
2.H. Houver onen only Ventilation nrronged SLEFXRENCES
t 2
4' level 6" lwcnl 4" lpgvel |6" level 4' level |6™ level
(mﬂ.) Ceale WeBe | HaHe fHelle | Helia Cole| Falle |iaHa Velle | RaHo Cale W.Be ReHe EsBe |ReHe
s A . b + 4 ks S
0 105 100 -8
20 Jos 100 -5
0 $6.2| 76 | 55.6 | 79 5.1 | 79 | 57.1 | 81,0 4.9 | #3 | 40.9 | 42
40 95 85 -10
T8 80 90 410
80 8s a5 +10
100 20 90 0
128 75 a5 410
135 75.86 | 97 | 64.0 | 87 67.3 | 88 |62.6| 87 ~Hal| «9 | =l.8 4]
140 85 . 95 410
150 765.2 | 100 | 64.4 | 90 65.5 | 87 | 62,6 | 87 “lled| =13 | =l.8| =3
150 €0 100 420
185 85 85 0
200 70 105 +35
220 80 1056 +25
245 70 108 +35
260 20 100 +20
230 85 85 0
05 80 90 410
320 75 20 418
330 65.3| 81 | 63.0 | 84 S8.1| 70 | 57.6| 70 «7.2| =11 | =D.4| =14
=40 A
The difference between the mesn w:lues of the Crmmpton Index for the two deys = 9.51.

P less thsn 01

¥0OT



(b) Subjeet C, acting es Con

$rol.

TABLE 4.8

Ceaomnton Index

12 3Rl Sov

Differences and

DAY 3
E.H. Hopoer anen only Ventilation nrrenged DLEFERERCES
———-m—%mm‘—— u BF 2
Tims 4' level |6 lovel 4' level | 6" level 4" level | 6" level
{mins.) Cols | ¥sBe | ReHe | FeBe | Ralie CeXe | ¥oBa | Ralle | ¥oBa | RoHe Cele | HoBe | BoHo | FaBo| Helle
e L ] l ;L QL 9?
0 80 80 0
- 20 75 a0 +5
30 7.4 80 G562 80 59,8 79 50.8 91 424 -1 43,6 | 411
40 80 95 45
65 85 a5 410
&0 €0 95 415
100 28 S0 +15
108 67.9 | 87 |62.4| 68 69.,0| 98 | 63.0| 87 41,1| 412 | 40.6| =1
120 69.7| 87 | 64,0 89 68.61| 88 | 64.8| 87 0,9 #1 | 40,8] =2
188 85 70 ~15
140 8% 80 -5
180 &0 95 +15
185 - 80 80 0
210 75 a3 +10
220 g8 85 O
245 85 80 -8
£80 30 85 -5
0S5 100 95 -5
320 100 %0 -10
30 63,8| 60 1 Sdadl B84 87 40,6 #4 o |
The differcnce betwsen the mesn wnlues of the Crmpton Index for the two dzys = 2.35
The Stenderd Error of this differsnce = 2,02, Hence t = 2,35 = 1.18; P greater than 0.2
: 2,02

-

Difrerence not signifiennt.

6ot



(e} Subject C ncting as Control,

TABLE 4.7

Orsminton Index Differences mnd

avg 7 =nd 8
. x DAY @& 2aY 7
Rele D Ventilntion ecrronged DIFFTREICES
Tine ; 4' level |6"™ ‘lewvel’ ' 4' lovel 6% lew 4' lpgvel | 6" level
(mﬂ.) Cola FeBe R.B. EeBe RCE. CoIv feBs Rella VaBe | Rela Cale YaBe | Ralia Trelle | Reile
— e - - b 8 °F
0 75 20 45
20 85 820 -5
0 53.5]| 79 |57.1 | 82 50,8 79 | 58.8 | 91 41,3 0 | +8.7 +95
4G 95 410
65 85 a5 410
g0 88 95 +10
100 8% 90 ' +5
105 6548 | 88,0 | 636 97 69.,0| 96 | 63,0 | 87 0.2 | 414] -0.6| =10
125 80 70 ~10
140 85 80 -5
150 3.3 | 95 | 653 | 88 84.2] B8 | 63,6 87 =Gl | =7 | =17 -l
180 75 a5 +£0
185 as 80 -5
210 95 85 410
220 75 85 410
245 85 95 410
250 85 S0 45
250 75 85 410
205 85 a5 410
320 85 90 +
D L4 - B4 1 82,61 87 ‘ 2 L= =2
The difference betweem the msan walues of the Crompton Index for the two deve = 5,79,
The Standsrd Error of this difference = 2,20, Hence £ = BO79 = 2,63; P lecs than 02

.. mqfrmu m\nmﬁ.

"

* 801
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These results show us that in two out of three such comparisons
the trends in the control subjeatsa' Crampton indices are signifioahtly
different, In addition, we must draw attention to the differences in
the W.N. temperatures at the L £t, level in the appropriate position
(Position xxa).

For the comparison between Days £ and [, the mean of the differences
of eighteen such wet bulb temperature readings throughout the experimental
poriod wan L.81°Fe With a standard error of 0,93%°Fs Such a difference
is significante Furthermore, the caorresponding figures for the
experiments on Days 7 and 8 (mean of 17 readings) were 2,18°F with a
standard error of 0.94%Fs Agmin significant,

The most interesting result however, s obtained when a similar
comparisen is made between experiments on Pays J and Te JIn this case,
as already shown, the differences in the Crampton indleoes are not
significant, Furthermore the mean of the differences of the elghteen
wet bulb temperature readings ylelds the figure 0,52°F, with the
corresponding standard error of 0,57°F, Bush a difference is olearly
not significant (& = 0,91).

Thus we can sonolude that in the three campurisons made for subjeots
in & position of rest througiout the experimental perioed significant
differences in thelr Crampton indices were obtained only when the
differences in the wet bulb temperatuves at the L £t. level at
position IIp ware significant,
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Skin Commuf.iﬂ.tz and Sumated Sensations of Hent, Molsture and Freshnoss,

(a) Horking Subjects.
The following tables have been preparad to show the times of

occurence of maximum temperatures, swoated sensations of heat, moisture
and freshness, together with values for the alin conductivity of the
subjects.

TARLE lje8
Subjective Theyrral fensatlons & Skin Conduetivity in
Relation to Reom Climate.

Time Skin cogducuity Swannted | WeB, | DeBe
ohus™* x 10 Sensations oF oF

SURJECT A
L7 3466 60sT | 6366

SURJECT B
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Generally speaking, the skin conductivity wvalues showed greater
inoreases on Day 2 than on Day 1, but Subjest C showed very 1ittle
difference in this respecte It should be noted that the Crampton Index
for this subject fell ateeply during the sorubhbing period on the first
day approximately to the minlmm value resched on the second day, It
was possible that the physieal effort involved was almost maximal on
the two days and this would account for the pnly slight differences
observed in the skin conduetivity. Furthermore, the maximum W,B,

Aif ferences were only 6°F, during this peried. It must be remembered
t00, that she was an older subject and the nermal powers of adaption
were oonsequently somewhat reduced,

It is seen that small inoreases in W,B, temperature in the runge
65°F = T5°Fe caused marked insreases in sweating on Day 2, whioh was not
proportionately equal for all subjeotse This ocan be ascounted for in
part by the fact that the alr movement, by virtue of the through
ventilation of the working space was greater on the first day, (approxie
mately 200 ft/min. eompared with 10 £4/min,)e The controlled experiments
desoribed in Chapter 5, pel,3 indieate that sweating as & result ot
uxeroise, where air movement was approximately 100 £4/mdne does not
show marked inoreases until a W,H, temperature of appreximately T5°F.
is reached, The subjeets in these axperiments were young men and
wamon in the age group 20-30 yearse Returning to the exporiments
under discussion, the observations indicated that the skdn conductivity
was rapldly affected by the ameunt of musoular work performed, this
being partioularly marked on Day 2¢ The sudden inoreases in skin
oonduotivity were anscoiated with the appearance of vieible perspirations
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These sudden inoresses usually ccourred when the value reached
30 x 10~° o™}, This appeared to be a oritiocal value,

In all cases the swmated sensations were greater on Day £ than
Day le The naxima were associated with maximmm museunlar activity
and skin conductivity and maximm wvalues of W,B. temperatures. However,
it should be pointed out that there is a slight time lag between the
ocourrence of maximum sensations and maximun sweating, the former
preceding the latter by about 20 minutes for each subjeote The
sumated sensations were stable during the pre-sxperimental period,
rising during the initlal washing period to a maximum, falling during
the lunch interval followed by mmaller rises during the later periods
of netivity,

It will he observed that changes in skin conductivity were
elosoly allied to changes in smuwated sensations, In faot, negleoting
the above-mantioned time lage the following corfelation coefficlents
between the two variables have bheen foundi-

Subjeet A 0799 L 4095
Subjeot By o723 T 0,216
Subjeot Cs 0,555 & 04168

The times of onset of sweating as indicated by the sppearance of
visible sweat colnoident with marked inoreases in skin conduetivity werei=

fSubjeot A & 120 minuten.
Subject Bs o 150 minutes,

Subjeot Cy 90 unu;u. 90 minuton,
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If 35 minutes be substracted from these values they are then in

terms of the aotual time that elapsed batween the commencement of

washing and the appearance of visible sweat,

(b) Centrel Subjects.

TABLE
Skin Condustivity Ranges: Control Subjeets.

Pays Subject Ventilation Variations in Maxe WeBe

arrangenants | Skin C otivi tempe in

(ohms=d x 10‘8 Pone 112

{L £%s level) |

1 A by subject 016 = 645 6642
: B by subjest |  0s83 = 13.9 " ens
3 ¢ Fixed Le66 = 945 6848
N D Fixed 0466 = 11,45 C 76e9
5 ® by subjest 0s16 =~ 2,98 68,6
6 P Fixed 1ob6 = 1647 Tools
7 e by mubjest 0499 = 5415 6940
8 | ¢ Pixed 0u16 = 2499 T3e3

It will be seen that all the walues are considerably less than the
limiting values and indeed it was noted that at no time did any of the
contrel subjects show any visible changes in sweatinge

Suah wvalues for skin condustivity are based on very mmall galvano=-
moter deflections, which eonsequently oould not be read with ;_rut
accuracys Fmoh oaleulated value s mubjeet to an errer of £ 03 x 1076
ohng™} due to possible errors in the reading of a mwmll galvanmmeter
defection on its lowest rangee
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The apparatus has not been designed to measure absolute values
of skin conduetivity but only to illustrate gross changes associnted
with changes in environmental eonditions or the performance of
muscular worke

Climatiec Conditions and Vitiation of the Room Aire

High hunidities cause condensation to oocur on swrinceswhich have
temperatures less than the dew peint of the room aire Such condensation
can be & source of serious desmge to floors, paint, wallpapers and
furnishingse Therefore the problem is to arrange for maximm ventilation
of the room consistant with maintaining a comfortable working atmosphere,
1e0s without the ersation of undesirable draughts, In the experimenta
under consideration, two different modes of ventilation wore employed.
One in which the right hand hopper alone was epenede Previous experie-
mants had shown that such an arrangement gives rise to an overall air
ochange of 2.0 to 3¢5 room air changes per hours 7The second methed of
ventilation was not fixed as it was arranged by the subjectse The
acourate estimation of the air change brought about by the various
hoppers and windows being opened together with the door is very
diffioult, owing to the limitations of the (0p tracer method keed.
Furthermore, an overall estimate of the alrchanges in the roem under
such conditions would not apply to all partas of ite It was quite
apparent that in the working space, the alrehange rate exceeded
considerably the rate at Position II, the remote corner, becsuse of
the through ventilation between the windows and door,
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However, fran the point of view of the vitiation of the aip,

resulting from gas ecombustion and the presence of five persons within
the roum, the CO, concentration never exceeded 04297 at mide-level and
o2 at burner level near the gas wash boller on those days when the
right hand hopper only was openede Any presence of C0 in the romm
cruld not badetected by the CO indieator Mk IXY (noe 1)3 such an
instrusent ean readily deteet the presence of CO to 1 part in 100,000
(0,00X%)e The upper physiclogieally safe limit s 0,014 for 0. Neo
estimation eof any other products of scombusion such as 80p, 8030 NOp or
CHgO was mades only one subjoct detected eny smell to be assooiated
with the combuation of conl gas in the wash heller, but she thought
1% by no mesns objeotionsblo. Thus we ean say that throughout the
series of axperinants the alr change rates were well within the limi¢
neoensary to aveld any texie effects from the vitinted aire. It should
he remembored that this gas appliance had no direot lead to the extermal
adr with the result that the cembustion producsts were free to be
1iberated inte the room and neowsulate in the working spaee in the
vieinity of thie boller unless controlled by & suitable method of
ventilation.

Abselute Mudity,

Pige Lieb 48 n graph 1llustrating the buildeup and deeay of
ubniuuhmuwlumiuwmudotdrymnmm“
during the exparimental periods The J different conditions shown arei=

1¢ ReFe hopper open onlys Mean value of the four experimantse

2¢ Subject deciding ventilatiene - dos =
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30 ReHe Hopper open only, Gas boller 1it but no washing
performeds The data was obtained from previous experiments
and again each figure is the mean of four valuese

The graphs show the inoreases in absolute humidity above the
initial value recorded at the comencement of each experiment, and
the effects of the two diffaerent ventilation rates ocan be seen, The
inorease was less for Day 1 than it was for Day 2 (27 as compared
with 57 grains per b, of dry air)e

It 4n interesting to compare eonditions 1 and 3 where the
difference hetweon them wan that washing was performed in 1 but not
in 3, The inorease in the absclute humidity due to the ceatribution
from washing, rinsing and wringing of the garments oan be seen,

The Wet Rulb Temperaturess

Nention has already been made (pe107) of the significance of the
WeBe tamperature at the location of the seated subjeote It has bheen
observed that for this subjeot the mean Crampton index only differed
sipgnificantly on those days when the W,B, tsmperatures were signifi-
eantly different.

The increase in W.h, temperature in the working space was
markedly different for the twe different ventilation rates and ie
olearly indioated on the graphs illustrating trends in Crempton index,
swmated sensations and Wele temperaturse The following table giving
the initial peak and final values of the temperature at Poss IIp
ghows the effect of an inoreased ventilation rate on the maintenance
of a lower W,B, tomperature.
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TABLF, lje20
¥oBs Temperature Inareases at Position Xp (Working space)e
/ m‘i,’tm P;k P:;II
Subjest A 591 6848 593 Vent. arranged by subject,
57l | T5e2 6642 Refls Hopper onlys
Subjeat B 5640 6649 6067 Vente arranged by subject,
5841 69e7 | GlieB ReMls Hopper only,
Subject © 6201 6749 62aly Vente arranged by subject.
2008 | _T3.8 | 6he] | ReRs Hopper enlye
Subjeot D ‘ 607 693 6liely Vents arranged by subjecte
32:8 | Toed | Goe3 | ReWy Hepper enly,

A sinilar table for D.Bs temperature has been drewn up (Table L.11)e

Both tables not only illustrate lower poak walues for both wet and dry

bulbh temperatures on those days when the ventilation was arranged by

the subjects but also the lmportant faet that also on those days the
di fference batween Final and Initial temperatures was less, 1.0 initial

oonditions of tamperature and humidity were more closely approached on
Day 1 than on Day 2



TABLE Liedd

DeBs Temporature Increases at Position Iy (Working Space).

Initial Peak Final
oF op | op

fubject A 62y 0l | Glis0 | Vente arranged by subjeot,
6197 1508 _M He Ho onl

Subject B 5946 69«7 | Gidy | Vente arranged by subject.

60s7 | Tosl | 6707 | Rells Hopper enly

fubject € €ly.8 Tea0 | 6640 Vente arranged by subjeocts

Subjeot D Glely T3e3 | 6Ted | Vente arranged by subjeet,
617 Toely 6048 Rells Hopper onlye

T ien Posi tion

In roems used for econtinuous ocoupation it has been reccmuended
that the dry bulb alr temperature at foot level should be not more
than 5°F lower thean at 5' 0" level.

The following table shows differcnces in DB, temperatures at
the 6'6" and 6" levels at Pose II at thyee phases of ench experiment,
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TABLE Le12

NeBe Tamperature gradients at rPos, IIX,
(the remote corner of room).

Control Sfubject Inital | Peak | Final
op of op

0s7 Te8 | 1e5 | Vents arranged by subject
1.6 Teb 60 ReHe Hopper only
1.9 5¢5 0e9 | Vonte arranged by subjeot
19 |[MUie0 | 343 | ReHe Hopper only
25 | L4e5 | 247 | Vente arranged by subjeot
2ol 8¢9 - ReHe Hopper only
28 | 740 |35 | Vente arranged by subjecte
27 | 81 |35 | ReHte Hopper enly

S O =M = o ow w o >

The table shows that the tamparature gradients were less on those
days when the ventilation arrangements were made by the working
subjecte The mean value for days 1 being 6,2°F and for days IX 9.6°F,
Assuning & linear increase of temperature from the floor level upwards,
the corresponding figures for the difference in temperature between
1o 210er o fook Javed and e 5' 0" level would be 5.1°F and 8,000
respeativelys DA aousadon

Creampton mg- thet most people in normal heanlth show an index
of Deimden 60 Ang 08 Delow S0 0o holds:40:be aduirmals & Migh index
in a porson obviously in poor health is abnormals An index below sero =
10 conolusive evidenss of inpaired olreulation, or toxasnia or severe
physieal disturbances
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Exparience has shown that miner changes in the index are not
signifioant since there is an error of plus or minus 5 sme Hge in
the measurenent of blood pressure whioch can result in & maximal error
of 10 points in the asseamment of the index, It may be concluded,
therefore, that trends in the index are more significant than
separate determinations, Healthy people show widely divergent walues
for the index, consequently 4t is 1nd1v§.dm Shanges in the index which
vust be investigateds There are minor daily variations for & particular
subjeot, a.ge of the order of 5 for the Crampton Indexe Crempton was
of the opinion that a low index was assoointed with diminished powers
of adaptation of the eireulation and impaired physical effieclency,

It is worthy of note that the Crampteon Index oan be readily determined
and may be employed in field studies where the amount of eguipment

to be used rust be a minimun and when 4% is desirable to reduce
interfarence with the subjects' routine alse te a minimum,

The results have shovn that the Crampten Index was signifioantly
lower on the 2nd day of operation when the air change rate was
purposely restricted, That this is due to the environmental conditions
is shown by the faot thaty

(n) The amount of work done on the two days was the same,

(b) The initial resting walues of the index were the sane,

(0) Their goneral trends were the samee

Crampton, in the evelution of his index, considered that
constrietion of the splanchnie vessels contributed the larger part
of the peripheral resistance, but in the experiments there was
considerable dilatation of the skin vessels as indiocated by the
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inoreased rate of sweatinge Such a dilatation would detract from

the nim of the peripheral resistance and conseguently give a lower
value for the Crampton Indexs Crampton originally designed his index
for use in temperate climatio conditions and the experiments deseribed
in Chapter 5 were to test the walidity of the Index under conditions
of increased tamperature and humidity.

I% has heen shown by the New York Syate Ventilation Commission
(19%5)(38) that variations in air novement cause significant differences
in the index; the greater the air movement the higher the index,
Sinoce the air movement on Day 1 was greater than on Day 2, this was
undoubtedly a factor of significance, due %o the increased cooling
effect of the air on the body,

The inorease in wet bulb temperature was greater on Day & which
impeded the evaporation of sweat and consequently the blood flow
through the skin was greater in an effort to malntain thermal
equilibrium, 1,0, thormal stress was groater on Day 2 when the
Crampton Index showed & greater falle Thermel stess even at rest
becomes evident when the wet bulb temperature approaches 80°F,

The degree of motivity of the subjeet has n bearing on the walue
of the indexs the greater the astivity the lower the indox in subjects
of the type used in the present study, 8ince the activity of the
mbjects was the same on the two days, the differences in the indices
are considered to be due to the marked differsnces in the envirommental
osonditionss A marked fall resulting in low walues is considered to

be signifioant sinne the subjects camplained of fatigue at precisely
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those times when the index was found %o be low in relation to the
resting initial walue,

The Crampton Index for these subjeots whe took lunch in an
adjoining room, rose more steoply than for those subjects who remained
in the experimental room during this period, 7This can be attributed
to the better olimatio conditions (65°F. DeBey 50% RoHe), prevailing
in the adjoining room sinoe duration of the lunech peried and 4ype of
meal were essentially the same.

The experiments have shown generally that a high degree of
correlation exists hatween mamated sensations and skin conduotivity
as measureds It would mppenr that the rapid onset of sweating as
indioated by the sudden increase of skin conduotivity and the
simdtaneous appearance of visible sweat did not assoolate itself
with any deerease in the summatod sensationse It has been observed
that & plateau of the raximum value of skin conduetivity usually
coours during the peried of greatest aetivity, The inereases and
deorenses in akin econduotivity are rapid, indicating the degree of
physiologieal adaptation to the thermal stress of the moment,

The experiments have shown that in general the changes in skin
oonduetivity were greatest on Day 2, This waa asscointed with greater
changes in wet bulb temperature, vaor. the percentage changes in
wot bulb temperatures were relatively small ocompared with percentage
ohanges in skin conduotivitye From this 1% would geem that the W.B,
temperatuye 18 of the utmont importance when the thermal stress of
the subjoot is %o be considereds It appears that with the degree of

activity under consideration a W.Be temperature of approximately 650
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(ReHe 80%) 18 associated with the commencement of a positive increase

in the subjective sensations, The summated sensations and skin
econductivity depend in part upon the degreo of activity but it is
significant that the maximum values were obtained towards the end
of the period of maximum activity.

The scale (pe 63) used for subjeotive sensations was originally
designed to be used for lut-:jcota at rest or during the performance of
light sedentary worke Consequently, the upper regions were reached
at relatively lower temperatures and in some cases eveh an extension
of the scale was indicated, Furthermore, the subjects were instructed
that maximum values on the heat and molsture scales were to be inter-
preted as being those relevant to an enviromment inducing maximum
discomfort, which indeed they would be if the subjeot was at rest,

In addition 4t might be pointed out that a certain amount of
practice in the use of the molsture scale was indlcateds For the
untrained observer the assessment of the sensation of molsture is not
easys However, in these experiments, since frequent obgervations were
carried out, the subjeots soon became conversant with this scale and
consequently the records can be considered reliables The freshness
scale, ranging from 'very fresh' to 'very stuffy', is only subedivided
into five gradess Whereas the negative (or fresh) grades were adequate,
the positive (or stuffy) grades were coarse and most subjects indicated
that the positive values should be sub-divided in order to give a
value tmhjont with their subjective feeling,.
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1. Following a pilot study & series of full seale user-test
experimenta has been ocarried out to arsess the ochanges in some
physiologicnl reactions associnted with changes in roem climate during
the performance of domestie washing by four Aifferent experiensed
hougewives who acted as subjinots,

¢ The physiologleal achanges studied on the working subjeot
and on & seated, control subject wereis
(a) Changes in vaso-motor tone as indioated by the changes in
the Crempton Index of each subject,
(b) Sweating as indicated by changes in skin conduotivity,

(e) ESubjective sensations of heat, molsture and freshness.

3« The room olimate was determined by observations of dry bulb
temperatures and relative hwddity at four points in the roome These
observations were made by themocouples attached to the wet and dry
bulbs of suspended hypremeters ventilated as required,

lia A atudy of the prooedure of each subject was made and the
seme routine wes carried out on the two days,

Se Fach subjeet performed her task under two different nets
of conditions, namely (a) ventilation arranged by subjecte Day 1.
(b) ventilation restrioted to the use of one hopper only, Day Re
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Conditdon (b) gave rise %o an overall air change rate of 2,0 to 3.0
rocm adr changes per houre

6o The results obtained weroi-

(a) The Creampton Index, the skin condustivity, and the swwmated
sensations of heat, moisture and freshness showed marked
variation botwean the two days. Swmated sensations and skin
conductivity were greater and the Crampton Index was lower on
Pay &e

(b) Consistent with (a) was the fast that the ventilation rate
being restrictad on Day 2, gave rise to greater increases in
Wells and DeBe temporatures in the werking spaees
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The results of the pilot experivents, which were confirmed and
amplified by the Mulleseale user=test experiment described in Chapter
131 end IV respectively, showed that gross changes in the Crempton
Index, Swmated Sensations of Heat and Moisture and the skin conduoti-
vity were closely linked with thermal stress and ddsconfort on the
part of the subject whilet working in a hot and hwdd atmospheres

Rowovar, it was necessary ¢o oarry out further experiments to
ascertain if & quantitative relationship dmcmw changos
in these phyaiologieal reactions and enviromental thermal changess
Prom the findings of such o series of controlled experinents cme could
then determing whether or not changes in the Crampten Index were walid
physiologieal indlcations related to thermal stresse Alse, the
possibilities could be examined for the predietion of changes in these
physiclogioal vossticns for » mibjeot performing & Jnown fined emoumt
of work vhen exposed to known temporature and hunidity changese N

ommwammwsm.rwmv.g.:
PeRe tosta have been disoussed in Chapter XII, :tmmm.t‘m
mmmwammmumwmmu
u»mmm.mmmuwmmu
the environnantel changes on the two daye studied for each werking
subjeats Those were indices whioh eould easily be assessed wnder the
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oonditions arising fram the performmon of olothes washing in a
kitchen or e kitchen living roams Therefore, in a controlled
physiological investigation enly those resctions which are readily
assossable under such conditions ean be considered as belng of any
praotioal value in thia type of investigation,

Finally, the eignificence of sudden increases in akin conduotivity
in relation to the time of ensed of sweating had %0 be examined wunder
centrolled experimental conditionse
Jxperinental nathod

The experiments were earried out entirely in an air conditioned
roons The room monsured 12 fHe X 9 £te 6 ine % 7 £ty high with inlet
and outlet duets to provide ocontinuous olreulation of the aire The
wot bulb and dry bulb temperatures were thermostatically controlled
et desired levelse An eleotric fan was set at one corner to provide
alr movenent, An suxiliary two kilowatt heator was also placed in
the roon in order that the upper extremes of the temporature ranges
considered could be reacheds The walls of the room consisted of &
double thickness of asbestos beard separated by an aly space containing
sheots of yeinforced aluminium fodl %o provide heoat insulations

fix subjoots in all wore used, each subject participeting in
four soparate experinmente Two mibjoeots were present in most experie
nontay a oontrol mibjest, who reined camplotely at yest and a
woridng subjeot vho pefformed & fixed amount of exeroisse Fach aoted
unmmuGummeunmmmeh
other two oconalonse
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Two eonstant hwddity levels were maintained throughout an

exparinent namely 607 or 80F whilst the temperature was gradually
incressed from that of normal room air (5597 4«60%F, dry bulb) wp to
approximately 10097, dry bulb éwer a four and a half hour periode

Therefore the four experinental conditiens for each of the six
subjeots wearoi~

(1) Resting Constant Relly 607

(2) Resting " Rell, 8O0 —

(3) Exereising * Rale 60% ' ’
() Teorelsing  °  eha 00 SR

Those conditions were choren for the following roasonsse
(a) Changes in the physiclogienl resctions under consideration
remlting from gpadual inopoases in temperature oould be studieds
(b) 7he effect of a fixed anount of exercise on these physiologlioal
reactions oould be assessed for ench subject,
(o) The extent %o which the hwddity levels affected the onsot of
swating on the ferehead could he ascertained,
(a) The temperature ranges adequately covered these ranges
enwvountared in the kitchen living roem during the Useretest experimente.

790 During the preliminary stage of each
exporiment the subjects were required to lde resting quietly on &
soush in the experinental rocm for & half an howr periode During this
tine the tamporature and humldity were held constant at this initial
lovels whilst the lying and standing blood pressures snd julse ratoes
wore measured, the forehend skin conduotivity was assessed end the
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subjeative sensations of heat, molsture and freshness according to the
sonle shown on pe 63 were recorded for both subjeotse This peried
was nocessary in order that the subjeots could attain a state of
equilibriwa from which subsequent resctions to enviromental changes
could he assessode
MwqumMMaMmmupm
the control subject ramained at rest on a couch throughout the
axperinental period exeept of course whilet the standing blood pressures
end pulse ratos were being observeds 7The Crempton Index end forchead
okin conductivity were recorded every 16 minutes, and subjective
thermal semsations ware assessed every O mdmutes for this subjeocte
The working subjest performed exercise, which consisted of step
eldvbing for two minutes at 16 mimute intervwals during & period of
approximately L) howrse Exorcise was performed during the time the
Crempton Indax wan being measured for the control subjecte The step
consistod of & ) foot rise with an intemediate step at the 6 inch
levels The subjeet placed one foot on this intermediate step both in
ascending and descending, The subjeot ascended thirty times witheut
turning during the two minute perieds For this subject the Crempton
Mumuwmmm.mmm-mun
poriods of exercisee The mbjeotive thernal sensations were vesorded
at these times and also, together with the forehead skin conduetivity
immediately before and after exorclsee
Pwiromsntel Conditionss The physisal chamsteristios of tae

exporinental enviromsent which were measured wore as followsie
() Dry Buld and Wet Buld temperatures by the whirling payohrometers

3

\

|

LES s
s
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(b) Clobe thermometer tenperaturese
(¢) Alr velocities from the ceoling times of a 130 = 1259, glass

These observations were taken overy 0 minutes throughout esch experie
nent and o chook was kept on the relative hunidity at all times.
Shaervers:s Two observera were present in the experinental roce
w.a.mmmmuﬁuumnmmumwm
mxdummwmmmmtmmulmof&ocmm
Indices were ocomputed

Subjests: ALl the mibjeots were £5% and healthy medieal students in
mngomeo'hsﬂmu. Four ware non and two were womens
Slothing worn by the mibjestss Fach subject wore exaotly the seme
clothing for ench of his or hayr teata, It cannisted essentially of a
linen or light woollen shirt, 3nen shorts, scoks snd light wubder shoss
In the oase of fubjeot Hoe 1 a woollen skirt and stockings were worn
in all experiments, Jt is possible that this difference in elothing
may have, in part, accounted for the Aifferent degree of venotions o
envirommental ehanges as ccmpared with the other subjects.

Rasults

»

The yesults obtained frem all the six subjeets who participated
in these controlled experiments showed that inoreases in the
enviromental vamth caveed marked desreases in the transitory values
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of the Crampton Index and that the rate of fall was inereased when
A standard amount of exerciso, in the form of step~olimbing at a
fixed rate, was performed at regular interwals throughout the
experinental periods

Thene decreases in the walue of the Crampton Index were highly
linearly correlated with the inercases in the wet buldb temperature,
u purely physical charnoteristie of the atmosphere and alse with the
corrected affective temperature over the range eonsidered in the
present studye

The offective tamporanture 1s a single index ewmluated from
corbinationn of temperatire, humidity and alyr movement, This index
doen not desoribe a physieal charoteristio of the aiyr since the
formlation of the seale wvas based on the subjective thermal sensations
of a large maber of lightly slothed subjects vho compared their
feolinge of wamth 105 0 GVErerenS of Known SondLULUNE 46 ane WAt
#5111 and saturated air, The tamperature of the latter anvirement
was regulated until the seme fosling of warmth was estprosned as in the
original envirenment (Yagloglou and ¥iller, 1925)(3%), Hewever, the
soale does not make allowance for the effeets of radiant heat,
Houghton and Molermott (1933)(1‘0) pointed out that a correction should
be applied for the effect of 0old vallse NBedford (1%6)“‘2’ has made
an allowanse for yadiant hoat lons or gain by using the globe
themmmotar reading in place of the air temperature, the soale then
being Jnown as the "Corrected Rffective Temperature Seale,”
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The influence of the wet btulb temperature on changes in the
Crampton Index was studied because Maldane (195)“‘” pointed out
the importance of the tsmperature shown hy the wet buld thermemeter
a8 having an important bearing on subjective thermal sensatiens and
physiologleal renctionse Purthermore, Houghten and Yagloglon (1923)(42)
have shown that fordewepoint temperatures above 61,5°F (at the lower
1imit of the yange of temperature used in the present study), the
wat buldb temperature exerts a greater influence on thormal sensations
and physieclogieal reactions than does the dry bulb temperature. They

“also showed, however, that a higher correlation existed betwoen

ocartain reastions, such as loss of weight por howr, inerease in
bady tomperature per hour and inereasze in pulse=rate per hour with
effective temperature than with the wet bulb temperature,

The following table gives the wvaluas of the correlation
coeffiodants of the Crampton Index with the wet buld tamperature and
with the carrected effective temperature caleulatad for each experiment,
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Correlation coefficients of transitory walues of
the Crampton Index with wat buld temperature
and with eorrected effective temperature,

S st

Subjest RESTING STRP=CLIMBING Crempton Index

0s | ReRs60% ReHeB0F | ReHe6Q% RefleO07 correlated withie
1 04619 «0917 | =093 =05 | Wet tulb temperature

=0oT20 __=0e930 | =0.860 _=0,800 | Corrected Effective Tempe |
e «0,815 «0,501 «0e 908 0966 | Wole
200836 _=0e896 | =0eOU7 =0,580 | ColieTe

3 0097 =0.936 | =0s965  =0a968| Wohe

B B o e -t

b “0s969  =0e9 «0s919  =04933 | Wale

~0:67 SO9T 0090 | Corary
5 =g «0e930 =01 «0933 | VeRe
0!g.._"—"lﬂlg. et L Coliale,
6 0,870 =0 035  “0,9L5 | WaBe
=012 =037 . =OeFUT ) ColiaTo il

In reference to the above table it may be noted that a mmerienl
walue of the Correlation Coeffisient greater than 0,455 ean be
considered significant as 15 to 17 palrs of chservations were recorded.

mmm% caloulated asmuming & normel distdde
bution have net been ineluded in the above table sinee for small
sanples, when n in of the order of 17 an in the above case, the
dstribution 15 not novmale Consequently 4% Ls deceptive in the case
um:daom»mmmmummm
a noroal distrilutions The significance of each correlation
scefficient wan detormined from the appropriats table for mwnll
samples (ReAs Pisher, "Statistionl Hethods for Research Voriers”
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11th Fdition, pe £09)s ALY the coeffisiants in the sabove table are
significant at the level represented by P & 0,0le

A comparison of these correlation coefficients clm that from
the rulbar of obumtiom tat 4% was poaaabl.a to make in the exporie-
rental tine mihbh. there was no evidence to suggest that the
Crampton Indu was more highly correlated with the corrected effective
temperature mmltmﬂﬂ:ﬁwnthulbmwﬂg fince the rate
ofdrmmwmumMnlMﬂymmuu
mmmnu&wmm“uiwmupm«m-
result might be expectode It has deen shown, however, by the New York
State Comission on fmtiluuen. a8 previously mtl.oud (pe 119 that
variations in alr novenent u@ significant du’fmu in the walue
dmcmmlmn. Mm.murmthmetﬂu
conponents from which the effestive tamporature is computed a fullescale
comprehensive study of the effect of changes in environmental physicsl
factors on changea in the Crampton Index ever & wide range of temperae
ture, huddity and alr movenent would probebly indieats that the Index
wan more highly correlated with the effective temperature than with
w’mmmm. Hlowover, in the time awailable for the
present study this was not possibles

mmmamuuwmunum-u
w‘nmmwmmﬁmdmorm'oomnlnw
wot buldb temperature exists within which a single subjeet may fesl
comfortable as Muﬂbyhu or her subjeotive thermal sensations,
acoording to the seale used (pes 63 ) there must also be a characteristie
yangs of Cranpton Index valuos cheerved within ench individual subject's
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oonfort sone in the transitory states Furthermore, there will be a

yange of decreases observed for the Index frem the camfort some waluos
due to an increase in temparature evoking & foeling of themal dige
comfort and fatigue when experiments are carried out on a group of
subjootse

Tablen 5.2 and 5e3 show the values of the oorrected mean walue of
the Crampton Index and b in the eguation ¥ ® a + bX, the relationship
between tho dependant wariable, the Crampton Index (Y) and the
independent variablo, the wet buld temparature and the corrected
effoctive temperature (X) respectively for esch of the six mbjects®
four tests in the experimental rooms |

ZALE 5e8

a Wat Duldb Tenperature OF,




13
TARIE Ge3

Constant b of the regreassion equation ¥ » a +bX vhere
Y = Crempton Indexe
X = Corrected Effeotive Tamporature
Alse the mean wvalue of Y corrected for variations of the
nean Corrected Effsotive Temperature,

!‘;3:‘ Relle  Tally ﬁj.ﬁ, Helle
6ot B0f | 60f  egl

1 Tho30 6610 T5e51 50452 | =1eT8 =lo7l| «R,T2 «2,89

2 6690 376 | 13463 11 | =1e63 =169 | «2eTL «2,T2

D | %% eid| ey i5w0 | 6e09 —aeg3| oo o

. ® * e ®
5 Toeli0 GliebR2| 66452 iﬂb “leld =le98 | =1,T5 =209
615308 70,57] ~8e19 1o | =ledd -2e23

It will be noted that all the walues of b have a negative aign in
Tablen 52 and 543 which means that in every cane increane in environe
montal heat vas associated with a fall in the Crampton Indexe The
dogree of fall was generally inoreased by exerscisee

A comparison of these two tables with respect to the walue of the
rogression conntant b does indicate that they are slightly more consistent
in Table 53 (Crampton Index and Correated Effective Tamporature).

An analysis of wariance using the methed deseribed in Appendix Re.A.
has boen carried out to mssess the signifiomnce of the effect of the
two hunidity levels and of step~elimbing at a standard rate on the
value of b, and also the offect of these same factors en the mean
value of the Crempbon Index during & single test after correcting for
any variation of the mean walue of the temperature

The analysis has shown that the rate of deerease of the Crampton
Index with beth wet bulb and correoted effective tamperature is not
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significantly different in the envisemaents in which the relative
humddity was 607 and 807, but that in both cases for the two physieal
factors studied the rate of full was significantly inecreased as a
result of step~olimbing at the fixed rate preseribed, Also the analysis
indicated that generally speaking the rates of decrease wore the same
for all the subjects,

With regard to the mosn wwlue ef the Crampton Index, corrected
for variations of the mean temperature level between experiments, there
was 6 significant difference hetween subjests beth in respect of the
wet bulk temperature and corrected effective temperatures. Furthermore,
the mean value of the Index was significantly lower as @ result of
step=olinbing, but the two hunlidity levels produced no signifioant
differences.

Therefore the results indieated that the rate of fall of the
Crampton Index was inereased by the performance of musoular work when
somparisons were rade of chaerwations on the six subjeetsn in envirormente
in which the tamperature increases were eamparables In this vrespect the
d1fferences between the subjeots were not igniflcante |

However, each subjeot had a characteristie initial wvalue which
a1d not appear to affeot the rate of full of the Index when correlated
with enviremmental tamperature increasess Therefore, the regression
1ines would theoretioally bo a set of parallel lines at¢ different levels
for enah subjects The regression lines for each of the four tests are
ghown in figure Sels For aimplicity, the points from which the lines
ware onloulated are not ineluded on the graphse
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It will be seen from these figures that the above statements are
substantially correct but some wariations will be obaserved as is %o be
expooted with physiologleal datae, Sush variations oould be due to a
mmber of unocontrollable factors, such as time and nature of last meal,
pre=experinental astivity and natural daily variationse

The follewing tables (Seli and 5¢5) show the nean values of the
regrossion constant b and the correotsd mean walue of the Crampten
Index for all the subjeetse 7The data has heen chinined from Tables 5.2
and 5e3¢ The standard deviations for assessing the significance of the
differencen between these means caloulated frem the Lpror variance of
the anslysis based on 15 degrees of freoedom are also shown in the table,

TABLE
lsan Values for all fubjects of the Regression

constant b, showing appropriate standard
deviations (S.De)

M Crempton Index
Corrolated with WaBe Fe| Correlntod with C.BTe
g;iwg%é

FRATIRG ST

Relle ReHe | Refle o | Felle - Eje Eﬁo
o s |6 oo oo oot leot' aig |

P(Olﬂ value of b for all

subjects o7 ~2adT |-2e60 ReT3 |-Lab1 -1,86 [2429 -2.12

ftandard deviation Oeds0 Oeil) Qa18 Oe28

rooled resting and
stop=clinbing values ~2.07 - 2466 175 - 2435

Standard deviation of
nooled maan 0o 18l 016l
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Heoan Valuas for nll Subjeots of the Mean Valus of

the Crempten Index for each test adjusted for the

wmylations of the nean lovel of the temparature
batwasn experiments,

Crampton 1RAos Creopton index )
and VeBe re and CeleTe
oy 87

oo ot | 6gf  O0n | 60f  6g | oot O |
wvalue for |
all subjects | LBeBl 56e98| 36T 16e23| 51466 Slefli| LHeX0 38,80 |
:m {
tandard dovine
~tdon (SoDs) bolds Golds 6e97 6497 |
—-—-—.1 '
Pocled resting : 3
end stop= '.
clizbing valuosl 52l | Lle73 51465 RS |

tandard deviation - ;
pooled menn Le55 Le93 ;
+ - w-"-1

The value of ¢ for 15 degrees of freadon ® 24131 (P = 0405) frem

which it followe that a difference of at lonst 5,0, x 2,131 is regired A
for rignificance, @ege difference between pooled resting end exereising

values of the rate of change of Crampton Index with Corrected Effective
Tamperature 8 0,68, A Afference greator then 0,20 % 2,131 = 0,39
is required for significonces Therefore m difference of 0,62 is
i gnif doante

While 4t would appear fran the present studies that little
nignificance can be attached to absolute values of the Crempbon Indexs
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slgdMennt changes ocour in the index walue as a result of thermal
stress or muscular work (or both)e The previous use of this Index, as
disoussed in Chapter IX has been restricted mainly to the interpretation
of the aignificsnce of absolute waluese I% has been found in many
ennes, howover, taking as & basis the nermal range, held by Crampton
to bo between 70 and 860 that swch interpretations have not ylelded
rosults consimtent with other oritaria of physical fitnesse

The origimal protocols for these experiments are included in the
appondix, but fran the data, figure 5.2 has been drewm %o show the
changes in the Crampton Index in relation to corrected affective

tonperature in the case of one of the six subjects who partioipated
in these experiments, Similar grephs could be constructed for ench of
the aubjoots,

As previously indtcated (7)) Crowden and Leo (196)'%) nave found
that equilibrium values of the mumated sensations of heat and nolsture
ware highly lineerly correlated with both wet Wuld tenperature and the
total heat of the alr, which inoluded the sensible and latent heats,

Table 56 shows the wvalues of the correlation coefficients of the
transitory sensations of wammth (the szwated sensations of heat and
nolature) with the corrected offective temperature, using the values
which weye recorded simultancoualy with the obserwations of the
Crampton Indexe A8 Was to be expected the correlations were highly
slgnifieant since the tamperature scale was based on the subjective
thermal sensations of Mhtly elothed subjeotss




ZABLE 506,

Correlation eceffioionts of transitory
values of sonsations of wammth (the ,
sumated sensations of heat and noisture)
with the correoted effective tamperature.

| e v | s B
1 ¢ 0BT 40953 002 40,587
2 + 0,971 + 0,909 + 04957 + 0,965
3 + 0,969 + 0.8 + 0,910 + 0,905
L + 0563 + 0,987 + 0947 + 0,73
5 + 04856 + 0,972 + 0579 + 0,963
6 + 0,933 + 0,868 + 0,875 + 0o9li3

A8 for the Crenpton Index the effect of the two different huwddity
lovels and of the step=olinbing on the relationship betwesn the
smdjective thormal sensations have been studied; the analysis of
wvarisnce has been used to assess the significance of the findings,

A monary of the results ave showmn in Table Se7e
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AL 5o

Mean level of the smwunted sensations

of heant and melsture corrected for
diffeyences in the mean mporature and

the walue of the regression equation

Y = a+hX vhare

Y = Swrwted Censablions of Heat and MNolsture.

X = Corrected Effective Temperature,

* Value of ¥ Value of b
fubjeot Hoie .Eg.ﬁun.ﬂn.i - E '!.x«E .Iil ﬁ. 'n.'; He : ;n.!n. Telle '
| 60f 80t |60F B0t |60° 6o

Relle
60t 8gt
278 «1o17| 1620 2486 | 0063 0,57 | 0,67 0.7
175 131 | 277 3416 | 0635 0635 g:ga 0els9

1
2
7 390 0,88 0.
- EEEEEE:
Lt _— 2220 m,z.n_m.wm
KPAR VALURS 2676 226 | 3076 3493 | 0638 0oliB | Ouly7 0uls?

STANDARD DRVIATION 059 0u69 06052 0.058

POOLED RESTING ARD
STRPACLIMBING VALUES 2451 Betly Oels3 0us7

STANDARD NEVIATION OF

LRAST VALUE REQUIRED FOR SJIGNIFICANCE ® 8,D, x 26131 (P ® 0,05)

It will be seen therefore that the amount of museular work pekformed
during the experinental poried does not produce a significent effect
‘upen the rate of change of the transitory values of the swwated
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sensations of heat and molsthwre with corrected effective temperatures
However, the performence ¢f stop olimbing et regulsy intervals of
time appears to hnve the offeot genorally of incresnsing the subjootive

seneation of wamth by 1¢33 points on the arbitrary scale for the sane
tanperatures whan the mibjeot was (o) resting and (b) step olimbinge

There wag & significant difference betwean subjests with respeet
o the pate of inorease of the subjective sensptions of heat and
molsture with corrected effeotive Wuwnaﬁnnumm
The rate of inerease was greatest for Subjeet Nee e Thore ware no
significant aifforencen botwoan mubjeots Nome 2, 35 5 and 6, whilst
values of b for mibject L were intermediate batwsen those for subjeet
3 and the remaining subjects | | |

Therefore the rate of changes of the mewated subjective
sensations of heat and nolsture doas not appear to be affected by
murmtofauwwmummnmmmuum;m
the mean level of the incyenses are higher and furthermore sipndficant
differences in this respect were revesled for the subjectse The
interaction between subjecte and treatments was not significante
213, Forshwed Sidn Conduedtidty

Ghanges 4n the walue of the skin sonductivity ware obssrved b0
assess the tine of onset of sweatings Prior te the appearance of
visible sweat on the forehend there was a gradual incrense in the
walue of the skin conduetivity which wne prebably due to inerensed
periphoral dlood flew and also to the pressnce of sweat in the glands



ismadiatoly below the ekin surfaees Tt has boen shomn (Cagee,
ninslow, Terringhon, 3937)\45) it the dagren of wotases of the
sidn due %o sweating 1z nffectad by the mahient temperature and
humidity end 8180 by air movenants, Thorefore, Ghangss in the skin
conduotivity have besn coneilersd fn relation to the corrected
effective tempernturae |

Initial waluas of €he skin condustivity whon the borrocted
effoctive tempernture was between 51° and 68° were within tho range
049 %0 840 % 20™ ctma™d,  The Anttlal temperatures ware, €0 & large
extont, datersined Wy the tenrerature of tha al» in the roun in whies
the nir comditioned oubiele wan lecnteds R

The follewing tahle gives tn IRIlal ebeerved values for the

akdn wm-wmwmummum the ﬁm-m
of vithle swent on the Mwn&mm
?muw Sanperatirase |
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SLILE 548
Values of aidn econduetivity and cerreoted
affestive tamperature at time of appearance
of visible sweat, vhere

u refers to subjoet resting, enviromental R.He 6G¢
b yefers to subjoot resting, enviormsental Relle S04
o yefars to subjeot stepeolinbing, euviremental i.le 605
d refers to subject step-olinbing, envirommental N.G. 000e

Siin conduotivity shewn in wndte of ams™t x 3070

, [;;G! INIRIAL VAINE OF FIRET APPBARANCE OF VISIBLE CWEAT,

s STIN CONDUOTIVITY . Value of fkin Corrected “flective
1 & Yo data avadlable o
b 10 Ho visible swoat 673
. ] 2422 - B3 8540
r..__l___.....ﬁ.:ﬂ fée?
2 & 3,08 o vieible swoat 8640
®» 2417 , B0g8
) £e00 27 el
'3

h.g Wo visible sweat B5ely
7o 2142
2e87

Lo
BRETS
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vhen the subjeot was in the resting ntates. In five of the obsorved
cases for subjects in & state of pest, ne molsture was present on the
forehead skin suwrface at the end of the experimsnt and therefore e
time mean yalue of the corrected effeotive temperature at the time of
onset of sweating could not be obtained. IHowever, when the cubjoets
were exerelsing, sweating comenced before the ond of the experimental
period in every casee Thermean walue of the cbaerved corrected
offective temperatiure which accompanied the increases in skin ,
conduotivity and the appeerance of visible swens on the forehosd was
80,5° with & staniead devietion of 346% That 18, below that temperas
ture the skin was gemorally dry, but slight increases in skin
conductivity occowrred before virible sweat appoered on the forchonds
Thoreaftor, the inorease in skin eonduotivity with temperature was
vory much nore rapide Upon reaching a walus of the order of 60 x
207 ohne™ the rate of inorease of siin conduetivity with temperature
conductivity &re taken ac Boing due 4 e Fresence of more swest
on the forshead skin swrfuce due o the ineressed requirement of
ewporation for body temperature regulation as the carrested effective

lmwmﬂﬂnmhmmﬂﬂv-Mw
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The Crampton index has been shevn o be sensitive to changes
in the environmental temporatures The mean wvalue onloulated (Teble Sei)
howod that the Index fell by 175 points per 10° incrence in
corrocted effective temporature in the vesting state and Ly 2345 pointe
pw'lo‘!;mmﬂhmmmuhrmiaﬂwfmif!hpdm‘ﬂ
rogular intorvalf was piFforveds Thorefore 1t fellows thet the
greater the range of corrected offective Sempernture within which e
partioular subjest nay faol oomfartable nosordiag to Sherual asd
fatiguo scusations then the canfard seme Graaphon Index range will
eorrespondingly become widers Also thewe are differences in thie
rospect for each mh.)oat ﬂ& the result that no signdPeanes conld ;
,hMMthunlunnzhmm umr,'a'u‘
wnumasmmyauwmmmmmu
..uoa-tmuxmmu«muasmmn&uumw
thermal discenforte

- Therefore wsing as & basis the recordings of the subjective
thermal sensations of heat molsturs and fyestness for the asssssmont
of the comfart rone in terns of corrected effeative tempernture the
relevant ranges of Crampbon Indext values have been computed, Also
the range of decreases in the value of this Index consistmt with
ench subject expresaing, when asked, a themal sensation of 43 (too
worn) on the heat sensation seale or+3 (teo hudd) on the nolsture

The results obtained frem this amlysin are shown in the

following tabless
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Genfort Zone Range of Crampton Index
(CeZs) waluse and correated effcotive

Panporature (C.1,7,)

Within the ranges showm all subjests folt eonfortably wamm (+1)
or cml‘orhnbly cool («1).

Sub jeot
| Jige mmg OF s
b : Cole
| . T T
e : ' 50mg0 Cols
1 : | ColeTe
3 ‘ . CoXe
) B—— Cal "
L Cale
53 ﬂl?’n:‘
4 ’ ! : f : . » c.’.t.
6 To=bs0y G065 65H=50 Cole
,_Mﬂﬂw wadle =5 Mdl—

Mu\lylmhgam.utumhmbjm%.s.-up-
Mn.ﬁ.@)uﬂ%nﬂnmﬂmuﬂmw&hhmm
mth1nmm00mm.mammm :
mnmmmmmmmmmwmm
periode



UiTe
JARLE 5210

Oheerved value of Crampben Index (C.X.)and Corrected Bffective

Tanperature (CefaTe) when subjective thersal sensation of + 3

{(toe warm) en the heat sonsation soale or+3 (too humid) en
the moisture sensations scale was firat expresseds

fubjoot %
e
1 70 818 | U5 059 3
£ 10 80,8 5 08643 =10 08140 30 813
z 35 B2.2 @ 01.1 10 B3 25 B8R0
G e | oo | B omE| B TS
2 g5  okdy 55 o 30 80 8 Lt

Tablen 549 und 5410 give the mau of mm- and Crempbon
Tndex values previcusly referred oo In table 5s30, although obvieus
individunl differences are apparent for the Cpampten Index values 4t
15 clear it therinl dscanfort vas falt &t lower corrected effestive
The corresponding menn values of the corrected effective temperatures
ware B2,07° (resting) and 70454° (atep olimbing), each being the mean
of 12 obnervationse Thus there was & difference of 3.,53° for the
temperature at which themal discomfort was first evokede The standard
mumwmml.:ﬁ(uw-mn a2 04059

Table 5¢9 mutmummmwmmmﬁom
zone the grenter was the variatien in Cpampton Index wlvese This in
the case of Subjeot Noe G & CofTs Tange of 20,89 was nssoclated with
o Cals rnge Of 30, WhAlet & CofuTs rangs of Toli® was found to have
Boen the sase when the CoT, rangs was 15, '
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Tablo 5,11 shows the decroases from the mean walue of the
Cranpton Index eomfort sone range that wars observed almultanecusly
with the smmencanent of themal disconfort based en the preceding
hypothasiss The resting and exercising walues have been poom in

thin tables
PN REITYY S

o GWMMMnntmmcmn rone
value assoolatod with the cnset of thermal discemforts

i

SUBJICT MEAN CoZe DEGRFASE OF Cole ASGOCIATED WITH
10 wIiTHIN 3 heat semsntion or molisture
COMFORT ZONE : sensation peales,
&
1 (2] «16e7
) Tad =Z0s0
i Te5 2375
50«»3 =10a0
.
2 Te5 m

oot it * e ey

wumammz-«:wcmmmm.
ylelds the mean figure of 25 with & standard devistion of approxinately
10 unitne FHowever, as & basis for attaching significsnce to such
changes in the valve of the Crampton Index the inltlal ealibration of
the subjeot over his or her camplete comfort sone Lemperature yenge ia
roquireds As this esnnet obviously be schieved in field studies where
experinontal prosedures are not eoatrolled scme other definition for
the range of minimal ehsnges in the Crempton Index to be nasociated
with oirenlatery ohanges aecomphnying the onset of subjeotive thewnel
strom st bo formlsteds "
, mucmm«&.hwcmmunnmm
”snmuu.mmm—mmmmm



UiFe

with tho onset of thermal diseonfort have been assesseds Vorking
on this basls the mean deersnse of the Crempton Tndex (2, observations)
was found o be 32,08 units with a standard deviation of 1554

ﬁog_c';on, taking the range in deoreases for thn Mpm Index
to be hetween 15 and L5, with & weun value of 30, Tit of the observed
dearsases wors sean %o fall within this nngo.'_m At would scem
reasonable to assume that olrgulatory changes aveked by mmm
enviornmental temperature or fhe performance of MASOVIRF Work, or &
mumm.m-mmuuu«unmt«
subjective themal disomfort are such as to ocause & deorease in the
Orempton Index of between 15 and 45 wnits with & mean value frem 2,
obsorvations of apprexivately 30, Also the probability would be s
least 0.7 that wilt degrasse in the Crampton Index frem & comfort zone
value within this rangs or above its upper it of L5, might be
mm.mntwmwmmmmnmw

A sinilar ealoulation showed that the eorresponding deereaso in
mcmmhmmo:mwmmmmmauua
-mamunwu(ummmummo
Mmﬂn#h%ﬂ“mﬂnwﬂm
mp.numwmm..

mmunhmmmnuwmtmmd
msmna-mwmmmmhmmnumm
M.umcmuwmmmu
Crompton Index is constent for all mibjects but that the general
Wmmmmmmmummm
indicateds The resulte are swmarised in Tables 5412 and 5¢15.
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150

Correlantion of the transitory values of the furmated
Thermal Sensations of Heat end Molsture with the

Orampton Index,

SUBJECT HOe OF CORRELATION
Koe OBSERVATIORS CORFFPICIFRT
1 5l 0y T6= 04056

e 63 «0aNO= 0035

3 65 -Ooﬁa- O.(l;l

N 67 ~Qe92e= 0g000

5 67 «0,89T= 0408l

6 “ -0.7!-56" Oom

285 5033

Hean value of the Crempton Index corresated fop
Differencen in the mesn value of the subjeetive
sensations of heat and molstwre and aleo the
wvalue of b of the regression equation,

¥ 2 a+¥x
vhere ¥ s Crampton Index
X S fumated Sensations of hoat and nelstures

S——)
SUBJRCT CORRECTRE CRAKPTON VALUE OF
KOs ¥, | " |
: P 13
; 3746 ot
B £
: fBe2 =
M —
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CRAMPTON

SUBJECT NO.4.CRAMPTON INDEX AND SUMMATED THERMAL SENSATIONS OF
HEAT AND MOISTURE.

n STANDARD DEVIATION OF PREDICTION OF CRAMPTON INDEX FROM SUMMATED THERMAL
L i SENSATIONS OF HEAT AND MOISTURE.
p
go[~
p
70
b
6o
sof-
aol-
3o~
20
_____ + STANDARD DEVIATION Ssao .
LIMITS, v
b - ~
10 S 8
~
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SUMMATED SENSATION OF HEAT AND MOISTURE
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mm.s.isxt'uub.mwtmmmmgmuo.xm
regression constant b mmumutmuydum-ntfmm
svbjoet to the ether, end the walues of b wamloulated seperately frem
cach test Ald not appear To depend upon the astivity of the subject
or Wi b s ity Sovele

Figure 5.3 shown the .mh_um betwean the Crempton Index and
mrmated thomaal nﬁuﬂmn of hoat and naioﬁn for Subjeet Vee L
and also the standard devistion ef predistion of Crempbon Index velues
from Swmated thermal sensationse

munmummmtmmhmmumtm

mumummuummm-mmuuu
mum«thwﬂmmmManmun
”nltofiuprtmoorumuaimtofuuﬂnnw
muoftiu.l mmmwumnmumm
mmmmmmmnmnumummmmsw
wmwuuuhmuw-mmmmmur
Mmﬂa&uhhmﬁdmmm«lmtwm
sbjeetse mm.mnamuumm.rmcr-mm
udMMuanm&tdwmwm
ﬂummmccmmk.mmammwmm»
mmummmmumxuwmmw ‘
mmmumm&-wummummﬁmv
mummummmmawm
'—mmmmuvmmuwmmuw




15ze

physiclagioal aignificanss of ghanges in the vealue of the Grampton Index.
The relationshlp hetwean the algebrale mun of the mwwmerieal
eguivalents of the various gpradations in the muhjeotive thermal =
pensation seales of hwat and modsture (the sensation of wamth) snd
the sorrected effective temperature weas also shown to be modified for
the subjeots when exervisinge %he seale had originally been devised
for asmessing the thermel eonfort vote of subjects st rest or whilst
performing light sedentary taskse llowaver, in the prasent experinents
the sonle has hean used for subjects performing musuler works The
pesulte showed that whilat the rate of Anorense of the subjeotive
thaymal sensations of heat and neisture with correated effective
temporature was not altered, the walues appeared to be higher by
aprroxinnsely led pradusntions wihen compared with the resting velues
for equel temperatires and imiditian over the range considereds
finee hoth the deareases in the Crenpton Index and the increases
in the swmated sensation of heat and nolsture were both more merked
as & result of exereise this physilclogionl indax was correlated with
the subjestive thermal sensations for esoh mibjeste The cerrelation
coosficlents togother with the cerresponding mtandard errors are shown

in Table 5el2e . However, the nost interesting remilt was thet the rate
of dearease of the Crempton Index with inorsases in the subjeetive
thermal nensations appeared to be not significeatly different fow five
(ose B-6) out of Wi total of aix eihjestas As mlready nentioned the
alothing worn by Subjeat Nioe 3 wan henvier than that worn by tie othorse
£4non an analysts of the cenfort hene valuon of the Greapton Tndex had
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values whieh was not the sams for all subjects & single regresaicn
line for the relationshlpy between these two wariahles was conseguently
not adequatas lowaver, since the slopes of these lines were generally
eqgual 1% doop appear that changes in the Crempbon Index and not abselute
values say forw & basls for asssssing increased thermal stress,
ddgeonsort sud fatigue sensationse
Having this in aind, the deereases in the valus of the Crempton

Index for an inopease in heat or molsture sensations to +3 on the
arbitrary sonle ware exemineds The results showed that from the mean
sonifort sene values the Crampton Index deoreased by 25 unite with a
standard deviation of 10 unita, when considering all the subjects
togethere Vhen assessed from the lewer (or cooler) limit ef the
canfart sane %o corpesponding dearense value was 30 with o standard
deviation of 15, Thus . nb,jwuw sensation change from u-tmuy
udwﬂlthb.”wtnmm'ctmwhnmu
with & Grempton Index change of 30415

| mm&&umﬁuwmtm'mwﬁum
mmmmmuutymmma-pmuu
20 oima™? x 207 ond the corresponding mesn value of the thersel
muucfnahm'u +3¢uﬂum mmupm‘et
a.am‘m..wm.m'ma..wwumm
wwmamuuwmummmmpmmlyb
Mﬂw&mwm—lﬂumxmthﬁ
mmx:m&mmm ruommnn.
m&lm(um&)lﬂidhoﬂmmwhm
mmmuhmamumummuu‘
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0 undts with a standard deviasion of 15¢
From these considerations it seams Justifiable %o deduce that
changes in Crampton Index may he highly eorrelated with envirommental
thermal changes snd affeoted by the performance of muneoular worke The
data has also been used to aseertain the limits of the range of
deareases in the Crampton Index which ocoeur at the time of onset of

tharmal strees and also at the time when profuse sweating was first
evokod for body temperature controls

le FonMng the User-test studies a series of controlled experi=
m-mmmuweuummamm mw’.ﬁm
tenperature md Mdity oonmund nt nrlo\u levels to tont the

walidlity of th- mnhtiea m the plvaiohaiul mmm and

mg«uvn ml mmﬁm -plopﬂ in the User=test npcrlmnu
wmmuumm—aﬁ. mcme.tpnrmuumm
mt of mn&n at r-guw intarvals has also been 1mut1pm.
‘ 2o SuMXMMQ.Rmmhm.Mﬁaammum
g. 50 VRATS, nhd an lnt:nh nu ench Mo&pﬁoﬂ h four cxpnrhmto.
munnﬂn'mthmhl wlodudm“vd\-aﬂuy
p.pm m WQMW mm&. Two Md&ty 1mh. apzu-d-
nwwmmmwummmxmmm
gubjeot! s resting end exercising tost whilst the wot snd dry bulb
semperatures were gradually inoresnsed over ® four-hour pariod,

5e The physiclogiecal changes atudied on the dxiﬁomm
g.)mummmmuwmubym Crempben Index,
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(b) the tims of onset of mweating as indleatod by changes in skin
conductivity, (e) subjective ﬁﬁml eensations of heat, nolsture
and freshnenn, '

lis One ohserver rescrded the data from which the walues of the
Cramptsn Index wore oomputed whilst a sscond observer questicnsd the
sibjects regarding thelr thermal sensations and took readings of the
wet and dry bulb temperatures as glven by a whirling hygranster,
silverad and glebe thermometer temparatures and kata thermameteyr eoeling
times from which Wmlues of the alyr veloelty were camputed at regulay
intervals threughout the experimental periods |

S¢ The results ebtained indicated thati-

(a) The Crempton Index was very sensitive to envirormentsal
temperature changes and to the porformance of museular works

(b) The relntionship between the sumnted thermml sensations
of hoat and noisture and corrented effective temperature wan modified
af & result of the mibjects performing exercise at regular intervals,

(e) mzmnoupﬂtou'lo“m"otmm
conduotivity oscurred at the tine of enset of smweatinge

(4) A relatienship betwesn mubjective thersal sensations of heat
and modature sand the Crempton Index was eatablished and a range of
gone values €0 the tine of onset of thomsm]l dseemford and meating
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61

Thia etudy has been concerned with the changes in room elimnte
that ccour as & result of desestie washing operations and thedr
physiologienl effecte upen 4he ccoupants with « view to entablishing
a seientific basis for formulating rescomendations for the full use
of provisions svailnble for ventilation and washing whiah are
installed in heuses of medern designe

This denestie operation was chosen for atudy beosuse 4t is well
lnoin thnt marked changes in room elimate can ooour in kitehens as &
rasilt of the housewife performing & weskly family wash partieunlarly
vhen use is nade of a4 gas wash holler, an appliance in comion use and
supplied to dwellings on postemar housing estates.

. She extensive mirveys which have been carried cut in mm to
danonstrate the relationship botween the thersal characteristies of the
envirerment, physiological resctions and subjective sensations do not
appoar to have been fully extended into the home environments

Therafore, having developed a technique for the rapid assesmment
of changes in roon temperature and hwalddty which weuld net impode
housewivas in the execution of their tanie it waz applied to a detalled
investigntion of the magnitude of the changes in reom elimate that cocur
an & result of n gas wash holler bedng 11t for a time which conformed
pppraximately with user practices The purpose of this inwestigation
wns &6 Ascertain the effects of different ventilating rates and methods
and to formlate o recomended air change rate whioch would be offective
in saintaining a confertable working atnosphere throughout an experie
montal peried of fouwreani=f=quarter-hourse
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It van indioated thet for a room of the size censideved (1,000
oueft) tm adr change yate of wy lsast 18,000 ouefts per hour was '
neossnary for the raintenance of a confortable working atnosphores
guch wn air shange rate oould be affected by & 9" x 9" extractor fan
with an aiy delivery of 300 cusfte por ninute or hy the full opening
of windows and doorse However, this air change rate 4id not necessarily
guffice for the contrel of noleture, There was & marked redustion in
the absolute huddity of the air, ut conaiderable condensntion en
mils, furmishings and the floor was observed even in e remote corney
of the rooms

However, & remult of partioulsr interest was afforded by the use
of & aoal five and & hopper window as a means of ventilating the rosme
This mothod appeared to reduce conslderably the condensation by
naintaining the wall and floer surfase above the dew polnt temperature
whilst at the same $ime redusing eignificsntly the relative humidity
ineresses and by virtue of the iheressed room ventilation rate %o
aprreximately 10 room air ahanges por hour caused & significent
reduotion of the inereases of temperature in the working apace, These
reductions, although not no marked a$ thone afforded by the use of the
extractor fan or the opening of windows and doors 414 indioats Shat
puch & momny of ventilating a kitchen or kitchen living room may
prevent the development of exeessively high air temperaturer and
hwddition in winter time vhen the full use of windows and doors may
mquthhmwmum
Therafore, 1% may be stated that wnless & speaial method, such as
ducting for the extracion of the products of cambustion and heat from



158

the Lmediate vielnity of the gas vash boller ir installed & minimun
ady change rata of 18 room air changes for the maintenance of comfortable
working atmosphere is nnoessary, The control of moisture arneared to be
& nere Aiffioult problem and for this a solid fuel flue ar recomnanded
in Post War Pullding Studies Nos 19 for the ocentyel of kitohen odours,
should be made une of, partioularly in winter tine.

Naving established this, the study was extended to an investigation
into the physiologieal and subjective thomal renotions in the first
instance of & norval howsewife and a trained demestie solentist who
noted as subjects in a reries of exveriments which were earried cut at
the Field Test Unit, Borehan Wood, Rerts, The mirposes of these
prelininary experiments were to determdne the nature and extent of the
changes in sertain phyniologieal reactiens whieh might ocour an a
result of performing & weekly wash for the aversage family of four
porsons, and alee to deternine mpprepriate techniques for the assess-
ment of their phyelological reastions and subjesctive thermal sensntions
vhioh would cause the least disturbunee $o tha subjents during the
_ performance of the spscified damestie tank.

Por this purpore, obpervationa on the yresting and atanding waluse
of the systolie and dlastolie blood rressuren and pulse rates, tosether
with neasurements of the walues of the smkin sonduotivity, incresses in
vidoh appeared to indinate the tlue of onmet of sweating were employed.

It wms found after a detalled analysis of the data that a single
sompenant of bleod presmure or ulse rate 414 not appesr to glve
pesulte vhioh oould be connidered eonsimbent with the envirenmental
thermal changes that coourred, the vimes of perforanes of maximm
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puscular affort, alno the opinions of the subjeots dwring end nfter
ench test, and frem thelr mubjectiwe thermel senwations of heat,
nolstire and frashiness which were econsiderad as baing relinhble,
Tharefora, R roview was neoessary of the physielogioal intices
whish could be of use in the prarent studies to astess thernal stress.
and fatigua and which were based on bBlood presfure and rulee rate
componantss T vam found that the Crempton Index cemputed frem the
difrerencen betwaen lying and standing syntolds hloed pressures and
pulse rabes gave conmintent remltm. The formlation of this index
was based upon srpuments firet introdused by Leomard Mi11 4n 1895 4n
guprort of reactions to & postural change wa & teat of vhyelesd
senditions These arguments, with which Cyempton appenred to be in
oomplote agreenont, were thed in £i% and healthy young people there
would Be & alight inorense in systelie blood pressure, ascampanied by
& B4t increane in pulse rete on »ising frem & supine to an erect
“positions This resction cesurfed in order to tompensate for the
affect of gravity vhieh would foree all the bleod into the lewer half
of the body if 4%t ware not for the oontraotion of the leg mussles wpon
the veins, Inereased abdainal pressure and the contynotion of the
pusoles in the walle of the veins, particularly of the splenchnie
vortidln. Mowever, Lt was furthor argued that in fatigued persons
those moohrniams would not peant to the swie offect snd oonsoquently
there woull be o decrease in systells bleod presrure sesempanied by
‘& marked inopease in henrt rete to coumnteraet dnoreased gravitational
attrection on the Blood upen ansuming an ereet positions
 Crempton's sesle has recsived considerable oritielm en the

i _‘vﬁ{f
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ground thet ahsolute values of tha Index ealeulated from it do net
give valid indieationa eonsistent with other eriteria of physiosl
fitnenne Thus aheolute values hetween 70 snd B0 were sonsidered by
Crampton as being within the normml ranges Howsver, the present atudy
demonstrated that certain ahanges in the walue of the Index for &
pubject are associated with the onset of themal streas nnd fatigue
sensations experienced in hot snd humld envirermentse

faving established en expariuental technigue for the rapid
assesmment of changes in roem olimate and physiolozioeal renctions
assoodated with these changes and the performnce of muscular work,
o second and more detalled series of user-test experinents were earried
oty

Wth the inproved teskniques and the use of both working smd
eontrol resting subjecta the experinents wewe carried out to assertain
me,ummo:mnmmmm-.u-mu
ﬂﬁwm,mlmuuuhﬂmmmmluum
of ventilating the room ond 8180 $0 atudy the exbent of the changes
in the physiolegieal reaotiona and subjeotive themal sensations when
the changes in room olimate wers wlmest maximel corresponding to the
“mmmﬂhﬁum_,Mhhm-anm-
uwrmm-

mnuuumx;mmutummmuuum

cg,u roms alr ohanges por hour was nceessary for the naintensnce of

the preliminary rhysieal exporimanise It also appeared that a ventilstion
period but that 1% was necenssary aa acon an the water
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in the gus wash Mlar had hotiod and ﬁw tmnl‘m of uu washed
artioles to the aink amnd.

Yhen the ventilation nh was purpossly restricted the marked
wmun in mpoum and hmidihy that ccowrred combined with
the mtmmo or mmndmbln mlul.ar affort invelving the serubbing,
mug und ur&ngina of tho .ruox.. ywa rise to marked dmun in
mmmmmmw nlﬁum.andnﬂml umnun
m the whdnﬁn thermal mum. fhe mbjuu also mrhd ﬂut
Mfﬂltmytwntﬂumdd'mmml WSM. Aleo en
mn dwo the oml subjects’ wuolq;lul md aubaooun reaations
wore m a8 %o Mntw inorensed thernal mmm oven ﬂwugh they
matnninﬁm W“mmwntm&ommuopuo.

m mmﬂoa or&on nm:g-mmunmonw
"munn ot ﬂm umlﬂmmo utn).y of dumpu h the (‘mptaa m
m lubauﬁn ﬂhml Mm. Therefore " Mor serien of
marhmts were muary h a«-m w nunxw of the omhuen
umwnuun-mmmm“tnw-ln 0 aaeees
the effeot of musaular m.

'nuu npwmu vnn WM m an d.r ooudiuon ouucho
mem'ﬁnumuaumanmtmmdh
ummamm uummmmu-mmwu
mumum«mwmwmm m

ml\lMMMﬁlmm«:mmMﬁwﬁ »
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un'dlhd mu mm«mun mntmm mounp
wnw’m m:mmwm-mwﬁ-m mw
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of heat and molsture also appeared o be affected by the performance of
musoular work 4n hot and meadd atmosphorea which led %o the censlusion
st the changes observed in the user-tost experiments ware undoubbtedly
due to museular work and that the differences observed bLetween the two
days om which eneli housswife aoted as & working subjeoct wore due %o the
inerensed enviremmental temperatures and hwaldities and reduced air
novenent resulting fron inadequate ventileation of the werking space.

The field survey whilch is part of this whole investigation to collect
dath of the changes in reom olimate and to study routine provedures which
ooour during washing operntions is 8till in progresse lowever a
prelininary exssdnatlon of the information se Mr cbiained shows that
housewives have ralised twough experience that it is necsasery to
control temperature and humidity in rocms when washing is carried oute
white artieles appear to make conaiderable use of the ventilating
appliances svailable in houses of modern dosign end ether housewives who
wsed o fool exheustod aftor a day of clothes washing now devete iwe daye
%o the taske They srrange the routine se that they do net have to
perform henvy musoular work at the same tlne &s the gue wash boller is
in operatione In other werds, the articles net intended for bolling are
washod an one day and on & subseguent day they use the wash beller for
white artioless Any musbudnr work which may be nscessary is carried
ot after the gas wash boilor has been turned off and the temperetures
and lmddition have fallen considershly belew the peak valuese It would
appour from data of the Crampton Index decreasss and ohservetion on
m,.w-mmmutmummumma
physiologlonl grounds and should he followed on days whem the gas wash
boller hne to be used,



L

Fron the experience gained in these pilet user-tast studies &
numbor of axperiments were carried out in whilch bot: working and
control resting subjects rerticipateds 7These experiments were cenducted
in ordar Yo compure the !*tmﬂ)n&m reactions and subjective thermal
sensations that ococurred s lﬂ@l’h of the portarmoo of cioﬁwl
washing when the moans for obtalning the W alr change rate
were made avallable %o the working subjects with these seme physiolegieal
resctions mtmdaQQNlutotMMmmw rene task
whon the WhMﬂhmnoﬁiﬂoﬂhW‘hhSm‘y
ghanges per hours The results indicated that Mm thermal
styass was inposed on the working mubjeots when the ventiletion rate
was reduced but that the orinieons of the subjects bcéﬂ;or with the
Wummm-lmnxmmmu that the air
ghange rate M from the physieal study was Mnut-u for the
wnintonance of « rmu: mu working ammm

mmyumw-uwmg&m-ﬂm
uhjuﬁn tharmal sensations & indiestions of thermal streses due to
mnlmtmt temperature and & fixed amownt of mussulayr work
vore then carried out under controlled conditions in an alr conditioned
eublclee These axperinments appearad to oonfim the interpretation of
the results from the user-test experimenta,

Finally, some of the preliminary results of a field investigation
whdeh 48 85111 being carried cut in heuses of modern design and which
48 to be part of the whole study of this partioular problem, have
heen inddeateds
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APPENDIX I.

Protocols of Fxperiments on the Assessment of Ghangoe
in room climate die Yo the operation of a demestio
ponﬂxmmwummmﬁ. ) ‘

Experiments conducted at the Field Test Unit of

the Bullding Research Station, Borehem Wood, Hertse
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Protocole of the Pilot User-Test RExperiments carried

out in order to develop routine techniques for the

assesgment of physiologleal and subjeotive reactions
of working subjects.
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Experiments carried out on Working and
Control Subjectse
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CONTROLLED LABORATORY EXPERIMENTS
Subject Noe 2e Step=Climbing.
Relative Humidity approximately 80%
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CONTROLLED LABORATORY EXEERIMENTS
Subject Noe 3e
Relative humidity approximately 80%
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CONTROLLED LABORATORY EXPERIMENTS

Subject Nos Ye
Subject Noe J»
Relative humidity approximately 60%.
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CONTROLLED LABORATORY EXPERIMENTS
Subject Nos 6s Step=Climbing.
subjeot Noe Lie

Relative humidity approximately 608
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CONTROLLED LABORATORY EXPERIMENTS
Subject Noe 2¢ Step=Climbing
Subject Hoe G Restinge

Rela tdve humidity approximately 607

I fv3reer  wo-gq. 1 Svarécr vo- b | S NOTES
TINE AMNODY | Rhnsad THEMAL |COANPTON |FotgniAD ]brmmg 3y |ae )
ABEx  Sev fesTens | NMEX Sk (BEATINS ! ?.S EE e kgl WMok eyiniiiy [ Nkl fmesioe
[conacruny| Conmernry wg |ba |en 8813 Virnd L R o P L ey
b 'ml-a“.‘n. ME} a:w{.m‘x. rorlom i om | h % | o | A Lt of e
a0 40 |00 [o == svo [ 4855 [es#éhe[ b0
- | 2-1-2 15 1400 Sro | B4 S kbl | 66X | gyo
-v b0 | a-bo[—:-p-a i 5 -/-,u-o}bvo 1 [ e41| 61| gxe
ZERo 1 S0 ',.'L(‘!
E ¢4 | SYO-i -l
0 | “ 0 o o) -1 610 | 010 | €3 | oyl | bl do0
4 N L RSN |
w b0 | x00-1-1 -1 PR LS R N R e R T A e
g a3 | SR |
2 ‘ 90 <~ | bv0| 150 | 67 b1y 1ax | So0
| 149011 -1 ‘
3a o0 } SRR w00|-p ~ ol bfo|[ro]| 22 LI |ies [4jo
S A ‘/-fv‘-'-:-l 1
0 ‘ o S nd o] ol [T | dsf | uvo
& AT ARy |
M- lo-l o dera|o o m| IS OR [ gl 1y | Yio
£ o 1*75 0 0 0 [
g i ‘ 8 S+t el b0 [ ¥a0 | B iy | vt | svo
-1 | 4665 0 0 -
b 00| 410 o RUT-AE rlrll'l-v'-~""‘o ol ""i x| boo
= a1 | o' 0+ 0 n |
Y4 | 0 | et e 8T Ry| 6| Yo | wyel| dv0
1o ' 80lpt e |
Te  adf ey { 00 b p i 140 YOO | g7 [XyL| v l| s y0
E 7 L PR R
7 } | s0 ‘ ti 0 rilec| ¥60) g7 |xga] w2 |sso
2} ’ ."uo‘rc.aflfl‘ ‘
e 18| I ERl D@ frars rif 140 Yoo| & T | ¥4 | V50| vac
€ 0. vl Oty |
oy | | | oo | TR R N A PRI E Y I
"o b0 Corat ttr| ' e tirt
e a0 ~rit | it nr | o Yol s |6 re|ire
E 4 PO Rl e e
w0 | e ot lec|¥lo| S| Yoo Yes|bro
i~ | S bOwa st yearlen
1€ XD Tatatl G ooparorl|ivo | YOS | & [Xed | vig| w0
& 1é1 | 9 80tusari) .
1ok | | lravies] sc0|vio| 8% |53 |ve6|vko
‘s | e0vitan .
uy <0 retutt S IDMpiririf oo X0 8K | ke 3| Yol (Ve
SN LS Oatatl
dva L_d¢ per i XIS Ko hiq (820
163 = 8o waw
ise o] Qwdl VO 2142 118 Y] 4wl fbof sd0
Eluey Swo W w4/ |42 41 42
e 0 A1 760 818" ko w6 vbey LMD
[ed 960 Rww {
|eie 0 FepeReY @00 (4itl1a 16 F1S 6l Xy k6 ¥ 4o
& 0L QR | |
e io 04102 180 Y08 SY o0 Yob 41|
[e” IS4 4w ; i1 |
e =10 Wl #4401 O+ 170 10 bo WY 114 Yoo
€ i 4 W 1 | ]
ot | 20 | O RTRU L Kgl IS N I T AL HY ¥
L Jib 141l | | | [
22 -ip Py EFTTR PRI el SR T AT e
El @i doa 141412 | i |
aiy | oy 424/ +4 R0 0 ug’i VY 6o 440 4k0| Vi
il AT / | ! Whlt siad o~ (.M ladyest Mor ..
a4 -5 v«aru!! [ 134 (1) +1 40 RIS 'l.»’n} Yo 10y il 347 d
gl Wo wytera & [ 1] B
a4z | ! | 442 S| dho 36 rers 1 1o
4l “wé ~r-m-| [
1qel -1y 6 gl 262 |43 +142, 835 910, 56 (024, 412, J70 I




CONTROLLED LABORATORY EXPERIMENTS
Subject Noe 3
Subject Noas 5e

Relative humidity approximately 607

Step=Climbing
Restinge.
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CONTROLLED LABORATORY EXPERIMENTS
Stop~Climbing

Subjeot Noe Le
Subjeet Noes 2e

Restinge

Relative humidity approximately 60%
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CONTROLLED LABORATORY EXPERIMENTS
Subjeat Noe Le - Stop=Clinbing
Subject Nos Gs Restings

Relative humidity approximately 804
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CONTROLLED LABORATORY EXPERIMENTS
Subject Ho. E: Step=Climbing
Subject No, Resting,
Relative humddity apprexinately 608
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CONTROLLED LABORATORY EXPERIMENTS
Subject Noe e
Subjeot Noo 26

Relative hunddity epproximately 8%

Anplon REENIAD TnEemA, ((wPmy FAIIAD [rit vy
s dearms by | am

ey

bo

5

'y

28

J¢

10

L7

o

on'ut

7]
I'lr

4 bo
@1l
R4y
6l
Jbe
o
b8y
e

14-0

N
4 0
=10
1 e
‘o
/o

ODoon w

40
-1 o
-1.0

oo o

100
o +b
oo

oo
oo
oo

00
# 00
oo

teo
+ ¢ 0
tto

el
R
1t

12 ¢4
Ry

Oy 424241

wy

| by
Ly

762
"o
Y6
"o
oY)
Yo
"
02

Yoo
1oy-0

AR
et
WK

Tty
Wty
e

i 1)
ity t #
LSRR

LR TR 53

W9 92

937 40 14
'

Mo #5 e

NS 02

5 #s ¢2

M6 #6 02
6 4601

bo

58

Xy

6o

Jo

L0

/o

0

‘-lml
ownilucd N F

|y

J:4o

711

$ho

L

Swf

y-§o

R

wE ¥ |Kwm.

L 4

= Mesnin,®
A pegared.

8,

%

21 -2l6z0 ¢qe|vr
535 e | 93

e -1-2
4 -2
12
l

Fl-l 2
{2+ -2

“d=f -2

"ot
weo
oo -t
440
Heo
#io

W

Tso Jéo 17

65 150 vy

lic |15 (4

156 YIS g

Iéo

iy

"

MW o ’2

0w yo 1

¥0-0 74"

¥o0-0

LT

/6

i

8 vio 1y

¥oo

s

3

Y Ao fe

vle oo L°

¥se qie 15

vée 20 7%

Yo v ¥

A Yo eo K1

sio

60

1044

4o

Jw

2 HE 6o WS vo
L4l el k] 10| 79

e
)
LV!J 4
}nuu
fmm;
g o502

W

o
e
qo-L
ey
Yoo
o

.o

1
1
|

w0
1o
9%
Yo"

wﬂ

i

2]
i
L
7
o
vl

L

»

t

615 614 wio

3 | 4t 1o Soo

&8 b [ 20 406 013 boo

o sl ey
|

"y

"y

Tow 123 wie

1% 113 4o

101 Ivy yio

I8 118 440

198 w18 Ssp

Yoy WS S0

TN Sy

'
Yyt vés o

vite WL Sieo

Yk to boo

yuy V54 Sho

v b7 oo

Yoy Yoy bie

M7 g Sho

[ FOARTYTY

11-0 Yoy Sp0

Yo yoo m‘jl
|

qoy|
1<y
v
2
oy
Yy
75!

140

e 620
i

Ty
6.0
s
64
"oy
oy

e

Yoe fow 2o |

boo

fvo
$§ro

bro

Rer]

tso

S8top=Climbinge
Restinge

ANera)

e Nem ety e ‘e el bemsas
G ;] Mesag chales e Y € 0 e
1 .

ikt Lescal A [rcviad e agoals 8

Vikds  wueat 1 frotunst Slvigeel 7.,
/



239

CONTROLLED LABORATORY EXPERIMENTS
Subject Nos 64 Step=Climbing
Subject Nos S5 Resting,

Relative hunidity approximately 80%
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The main effects snd interactions may sll be obtained by
subtracting the sum of 4 of the treatment totals leas the sum of
the other 4 The actunl signs are given in Table 2A.1.

TABLE 280)a
Lombination of Trestmanta.
attees X h X I Kiwbiindihoisailihiviniii e
Total e + + + + 4 4+ 4
h - ‘ e . " - "' - ’
¥ - - + * - - 4 4
? - b < & + + Kl 4
th + - + - + - + -
e + + » o » - + K

The seven sums of sguaves for the individwl treatments are
then obtained by squaring these Effect values and dividing the

result by 32 since it is the square of the total of <L times the
treatment values of each of 32 experiments.

o:3s The effect value for F (Table 2.4) is <5057 + 507,58 4
61542 + 404.8 « 305,82 « 2858.4 + 602.6 + B00.,3 = 4 358,58,

The Bum of squares is therefore = (%m’- 3967.17 as in
Teble 2.0,

2AL0.
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(l)rmonlouk&uoquuml H] é (%)' 5 8.8, .wm

, : . , }
(2) The Treatment Sum of Squares = 2@6)2.5 s.r.-m::r“t

(3) The Total Sun of Squares = én}-é 8 = COrand Total,
1
(4) The Errer Sum of Squares 3 (3) = (2) = (1)

The treatment sum of squares oan be checked by taking the total
of the individual treatment sums of squares obtained frem the use of
table BA.le This should be equal to (2).

The analyeis ia then carried out in the normal way allowing 3
degroes of freedom for Block mwi of squares, 7 for trentments, 19 for
Error (two hnﬂm\ﬂumlm. mAppuu\hﬂ)uldun
w.rasmcorm



APPENDIXEB

The experiments in whioh the fire was combined with the
extractor fan as a mesme of ventilating the romm were abandoned
after only two tosts for reasons which have been ziven in Chapter 2.
Therefore the two missing values had to be estimated,

When only one result in a set is missing or abnormal it may be
satimated by the follewing formula, (0.5. Davis, "Statistical
Methods in Research and Produetion” p, 116),

Kxnel)(mel)s(nim=l)x8 =nx0p onx i

vhere X = estimate of missing value

n 2 mmber of treatments
n = mmber of blooks
82 mm of all known (m = 1) observations

Sp ® eun of treatment totals, not ineluding the
treatment of which one result is missinge

§p = mm of blosk totals, not including the blesk
~ of vhioch one result is missing,

'“"““..‘.‘."
RS ma.’-h (1) .

R st

This oan be eimplified in the following wayte

Let B 2 Total for that block which ineludes the mise value
(1o00 the total of 7 values) ™

= Total for that treatment which alse ineludes the
missing value (1.0 total of 3 values)

gt O b vl

Substitution in (1) pives ;_g_n&;gg_g_p_ wweew(l)

2 H2
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However, in the analyses there were two missing values and
a mothod of successive approximations was adopted as followss=
(a) The mean of the two observed vilues, say &y for troatment
Pf was inserted in colum 3
(b) Using &, and equation (L) the missing value, say by was
caloulated for column le
(e) Then using by & now value for colum 3, say oz was caloulateds
(a) If ap was not very much different from ay then az and by were
uged in the amlysis, However if there was a considerable diserepancy
the above procedurs, commencing with ag in colwmmn 3 was repeated until
consistent values were obtained,
The analysis was thon oarried cut as in the normal ease but with
one exceptions The mmber of degrees of freedm for the remainder
is two less then for the normal came, owing o two resulte having
been estimatods For the analyeis of the inoreases in dry and web
buld temperatures end relative hmidities at the twe J, £, levels

(pmumxgmng)mmuwudmm oconsequently
redused frem 21 to 19,



