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SUN HEATING OF TENT-LINEN CANVAS AND OTHER 
MATERIALS.: 

-By MAJORT.O, THOMPS0N, 

Royal Army Medical Corps. 

AT the Army School of Hygiene a series of tests h~s bee:q carrie~ out 
on the heating effects of sunshine on tent materials and, the· consequent 
heating of the interior. 

This work was carried out during .the period April to August wh~n 
weather conditions and other duties permitted. A most noticeable point in 
this connection is the paucity of suitable periods for sunshine experiments 
in an English summer. Days which are regarded as sunny days are 
frequently interrupted by clouds which prevent a continuous series of 
readings. In fact, there were only three really cloudless days such as one 
would expect to get in other countries when doing similar work. 

When the work was commenced the, literature available was examined 
and extracted. Later, as the work was carried on, valuable assistance and 
further literature was obtained from Miss Fishenden and Mr. O. Saunders, 
who work on allied subjects for the Department of Industrial Research. 

It soon became evident that no advice could be truer or lllore to the· 
point than that given by the late Sir William Leishman in a note on 
carrying out any research work. He advised that before commencing any 
piece of research work, the worker should go through, absorb and steep 
himself in the literature of the subject. 

When commencing this series of tests, it appeared that .there was very 
little literature bearing on the subject, .but i~gradually became obvious that 
part of the ground was covered by elementary physics and that. practically 
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322 Sun Heating of Tent:..linen Canvas and other Materials 

all the ground, with the possible exception of experiments on the tent 
material at present in use~ -had _ already . been covered by the papers 
published during the past twenty years. -.. 

The present series of tests was therefore limited to the heat effects on 
tent material and possible changes by means of paints and other colourings. 

In this paper there is very little that is new. An attempt is made to 
show how we can bring sonie i¥1pr9vement in temperature conditions inside 
tents and other similar dwellings. . The results obtained in this series of 
tests have been amplified by drawing on the figures and results published 
elsewhere by Grabham [1 J, Fishenden and Saunders [2], Coblentz and 
'others [31. It will ben0ticell that in many cases the actual difference or 
reduction in temperature is .not more than a matter of a very few degrees, 
but in conditions where men are living on the verge of the limits capable of 
being endured every additional disturbing factor is of the utmost importance, 
and the elimination or lessening of each disturbing factor may make all the 
difference between health and ill-health, between efficiency and the reverse, 
and may save useless expellditure. 

Personal e~perience in two "hot" stations in indiahad shown what a 
marked reductlc)D in temperature and saving for the personnel concerned 
could be achieved by a single coat of whitewash on the roof of a gunpark 
and on the roof of a large mechanical transport workshop. A decrease of 
10° F. being obtained in the one case and 7° F. in the other. 

The coolness of" whites" as compared with khaki or darker cloths is 
well known to all who have served abroad. 

OgilvieT 4], in 1923, called attelltion to the need for investigation into 
the effects of heat abso~ption from roofs and tents with a view to increased 
efficiency and elimination of useless expense. Accordingly, the following 
experiments were carried out with the material and. the apparatus 
described :-. . 

A variety of white c10ths, linen and wool, was obtained for trial in 
small sections, both uncolciured and when dyed or painted. Tent material, 
linen and c0tt0n,both old and new, was received from Ordnance, and 
alRo the cotton Doosootie used for making marquees. Temperatures were 
rec~rded by direct readings fr~m Centigrade thermometers placed in contact 
with the material or inside the special boxes to be described later: A 
thermopile apparatus not being available, a type of radiometer was devised 
from ordinary thermometers fixed into motor-car headlamp reflectors. A 
six-inch motor-car headlamp reflector was fixed in a special wooden stand so 
that the whole of the back was insulated by three-quarter inch wood. '1'he 
th~rmometer was passed throdg:h the n~rmal electric~bulb aperture so that 
the bulb of the thermometerw~s: at the focal point for normal distant rays 
oflight~ The bulb of the thermometer was blackened with -a black matt 
paint, i.e., .~amp black arid varnish,. for maximum absorption of heat rays, 
but in the actual readings taken later· the plain thermolllet,er was used and 
contrasted with air temperatures. :.: . 
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This apparatus was found to besufficientlysatisfitctoryto-give differelltial 
readings when placed facing differently coloured and tTeated"~materials; ,It 
is true, as pointed out by Saunders,that:therays, froni near objects would 
not be parallel aud would not; therefore'.be focmle(Fby the'lamp as light 
would be; but it was thought that a sufficient proportion of heat ra,ys 
would be parallel and would therefore he focused to g~ye ap)2reciable results, 
vide Table 1. It may be mentioned that on one occasion one of these 
radiometers was accidentally exposed to direct sunlight for less than one 
minute, and the bulb of the thermometer burst. 
, -Low Temperature Radiation.-A series of biscuit tins was painted with 

various colours, metallic paints, or polished, and filled with hot water at 
various temperatures so as to examine the emissivity df polished metallic 
surfaces for heat rays at those temperatures and the emislSlivity of paints, and 
also to test out the radiometers described above. " , 

Medium Tp,mperature Radiation.-A series of tests with an electric 
radiator (glowing red) was carried out for a variety of cloths during a 
period of poor weather conditions. According toJ?ouillet's: scale of c.<?lour 
in relation to temperature, the temperature source would be aboutSOO°C. 
(or 1,500° F.), and therefore the majority of heat rays would be of about the 
order of 3,uto 4,u. The results, therefore, might possibly ba comparable to 
those from sunlight, although the short wave-lengths of solar' radiation 
(0'95,u to 0·6p.) would not be in action. 

POUILLET'S COLOUR SCALE OF TEMPERATURES. OF HEAT:mD .OBJECTS. 

First visible red light 
Dull red 
Cherry 
Dull orange 
White 
Dazzling white 
Sunlight' .• .. ' 

De!lrff's 
Fahre'I,heit 

977 
1,292 
1,652 
2;012 
2,372 
2,732 

14,000 

'"f· 

.Degrees 
• d.iil.tigrade 

525 
700 
900 

1,100 
1,300 
1,500 
5,600 

For this purpose a frame of wood, covered with tinfoil and aluminium 
paints, was made in which a double layer of material could be fi~ed with a 
thermometer placed between the'materi~ls. c. ,. 

The whole was placed at an exactly measured distance from the front 
of the electric radiator, and by stop-watch the,rise inteinperature during 
a definite time was taken., 

Suhsequent cooling, when t.he frame was rem~ved to another spot, was 
also re«orded over a similar period. 

Controls on air temperature and 'oh the variations in temperature in 
front of the radiator were rnaintai.ned by other'thermometers, and the 
readings of the cloth temperatures were stalldardized from thGse, 

For the comparison of . colours cotton '~heeting was washed, bleached, 
and dyed with Drummer dyes. With1he white CIbths the difference in 
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324 Sun Heating of Tent-linen Oanvas and other Materials 

absorption appears to be due to fluffiness of the surface as compa.red with 
a smooth reflecting surface. 

The results of the experiments are shown in Table I. The marked 
h~ating of the old tent linen is worth noting. 

TABLE I. 

CONSOLIDATED READINGS. COLOURED CLOTH. HEATING BY ELECTRIC RADIATOR. 

Heating. Cooling. 
Temperatures at minutes Temperatures after minutes 

Cotton Sheeting 3 6 9 12 15 3 6 9 12 Sheeting washed 
Blaok 5S 74 86 S7 89 41 30 24 22 [and dyed 
Dark green 64 S2 85 '86 87 42 28 24 22 
Dark blue 61 77 81 82 84 41 28 23 22 Eaoh figure is 
Brown 62 74 78 79 81 39 27 23 22 an average 
Dark yellow, 61 76 79 80 81 42 28 23 32 of 5 or more 
Grey 60 74 78 79 80 40 28 24 22 readings 
Light green 58 73 77 79 80 41 28 24 22 
Light blue 59 74 78 79 80 40 28 24 22 
Plain white 61 74 78 79 80 41 30 24 22 

CONSOLIDATED READINGS. WHITE CLOTHS. HEATING BY ELECTRIC RADIATOR. 
Tent linen, old 66 83 91 93 93 46 ~3 25 24 Dark grey and 
Calioo,new 66 79 83 86 87 ,42 28 23 2L [mildewed 
Flannelette, new 63 79 84 85 86 46 28 24 21 
Flannel, new 62 77 83 81 85 43 30 25 23 
Tent cotton, old 54 70 79 82 84 46 31 25 23 
Longoloth, new 61 78 80 81 83 40 28 23 22 
Twill ootton, new .• 63 78 81 81 82 38 26 22 21 
Tent linen, new 61 75 78 80 81 10 28 23 21 
Drill ootton, new •• 54 69 76 70 80 42 29 25 22 

Readings in degrees Centigrade. 

Table II shows that the heating up by heat rays from this wave~length 
is similar to that from solar radiation on these same cloths. 

TABLE n.-CLOTHS. SUN HEA'IlNG. 

Cotton long oloth fixed in frame over box in single layer. 
Thermometer (blaok bulb) plaoed iu cavity of box about 1 inch below the cloth surface. Con. 

trol formed by a single black hulb thermometer exposed to the sun in an open frame and giving 
readings approximately three degrees above prevailing air temperatures. Colours were obtained 
by dyeing washed long cloth with a common 'type of popular dye (Drummer dyes). 

Colour 
White (14) washed and hleaohed 
White (14) not washed or bleaohed 
Pale blue (14) (a, very pale colour) 
Yellow (14) .• 
Orange (14) •• 

'Pale green (6) 
Grey (14) (a pale grey) 
Dark green (14) 
Blaok (14) (a dark grey) 
Light brown (8). equivalent to tanning 
Brown (14), equivalent to tanning .. ' 
Dark blue (14) 

Temperature: above control 
12'5 degrees Centigrade 
14'0 
15·0 
160 
16'5 
16,'5 ' 
17'0 
17'5 
18'0 
18'5 
19·0 
19'5 

" 

" 

Note.-The diff~rences are not nearly so marked as with metals or painted cloths., due 
probably to thinness of material. 

The numbers of readiogs are given in brackets. 

Extracts from the results of the experiments on sun heating by G. W. 
Grabham [1] are given in Table Ill. 
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T. O. Thompson 

TABLJ:I: IIl.-CoMPARATIVt~ TA R T,g SflOWJNO SUN HEATtNG vF Or.OTas . 

The cloths were laid on a. white sheet and ~xposed to full sun with thermometer 
underneath. 

Cloth 

Dla.ck thin lining 
Bla.ck imitat.ion Re rge 
BlaCK serge 
Dl'rk blue" Zere.k ,. 
Kha.ki thiok drill, washed 
Khaki thick drill, new .. 
Khaki serge .. 
Khaki Sola.ro !'un cloth 
Kha.ki Bedford cord 
Pa.le blue" Loheni " 
Whi t.e duck 
White drill. waflbed 
White d r ill, new 

MIl'i imu", 
" '" lpel'at ul t o 

IJ"K. C . . , 
RS 
83 
72 
76 
75 
70 
72 
72 
72 
61 
59 
57 

Freely exposi'J 
tl,el rnorne t"r 

"!i'tO C. 

Actual tempora.ture9 
obseryed in the Sondan 

EXPERIMENTS IN S~IALr. MODEL HUTS. 

325 

li~oUL' hULS were made of an insulating wood, DOllocona fibre bO~1[a. 4 feet 
long, 2 feet wide a.nd 3:t feet deep at one end, and 1 foot at the otber, tbus 
giving a slopiug roof which could directly face the sun (see illustru.tion ). 

A wooden frame was made to hold tent material over the top as required, • 
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326 Sun Heating of T~r{t~linen Canvas and other Materials 

and a movable (rame to hoJd tpe lamp radiometer in ano required position 
underneath the material being tested. 

Trap 0 doors Were placed in th~ bottom of each for access, but eventually 
it was found that readings could best be obtained by removing the back 
and taking direct readings with controls alongside theradiometer. 

Corrugated iron sheets painted with different colours al),:dwashes were 
first used, and then sections of tent material of different kinds treated with 
paints and washes were examined. The resultos of the latter tests are given 
in Table IV. . 0 • 

Readings in each case were taken directly from the radiometer which 
was placed one inch below the material being examined, and compare'd 
with controls consisting of the air temperature, the temperature in each 
hut, and a black bulb thermome~Br in each hut. 

TABLE IV,-RADIOMETER .READINGS ABOVE AIR TEMPERATURE IN HUT, 

Readings are given in degrees d~ntigrade and are the averagec of a considerable 
number of observations. 

Duck linen. Plain,new 
old 

, ,Degrees 
Centigrade 

12'5.· 
14'8· 

Remarks 

Unbleached 

" 
Old mildewed· 0. 18'5 0 

Serviceable but turning grey 
Unserviceable from condemned tent 
Unbleached Canvas, No. 3. New 

Cotton tent. Plain, old 
Duck linen. Plain 

W~h""it'--e-w-as'h 

" " 
Plain 
liraphite 
White paint 
Graphite 
White paint 
Plain 
Whitewash 
Plain 
Graphite 
Plain 
Limew.'"h 
Graphne 
Whitewash 
Graphite 
Pink distemper 
Plain 
Buff distemper 
Plain 
Blue distemper 
Plain 

" 
Greeu distemper 
PlalU 

13'4 
13'6 
12'7 

13'5 

5'5 

1'5 

Still white but with small mildewed spots 
Washed but not bleached· 

- 1'2 (below) 

17'5 

2'2 

-1'5 (below 

4'0 

6'2 

7'2 

7'''' 

Note,-Plain 
~W"'h""it;-e-w-as-;-h 

means Plain linen with whitewash underneath: 

Whitewash means Linen with upper surface covered with whitewash and lower 
Graphite surface covered with graphite. 

Readings were taken when the tem·perature was constant. 
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It wiUbe noted that the new tent linen is thecoolest of the untreated 
materials, that with age and discoloration there jsa fifty per cent rise in 
heat transmission, and that treatment on the outer surface with any form of 
whitewash or common water distemper markedly reduced the heat received 
above. ' 

EXPERIMENTS WITH ~MAI.]I W (!)ODEN BOXES,,, 

. Twelve small wooden boxes (§-inchwood) were made 4 inches long by 
8 inches broad by 2! inches deep at the back and 1 inch deep at the front. 

These were used with sheets of metal or tent materials and other cloths 
Qver the sloping surface and placed' ail'ectly facing the sun. 

For the cloth material light frames. of 3~ply wood were made, to hold 
the material tightly in place, and the thermometer was passed into the 
centre of the box through a hole in the higher or bac~ wall, being held in 
plac~ with plasticine. This gave a practicallyunventilated space to be 
heated up round the thermometer. For the metaL plates the thermometer 
was fixed to the plate by plasticine so that the bulb was actually touching 
the metal, and the stem was held in a groove in the back wall by plasticine. 

The results obtained are shown iuTables V, VI and VII.. ' 
In actual use the boxes were arranged on a singleplaIlk supported on 

trestles three, feet above the ground, and as far as practicable awa¥ from 
other ~ources of radiant heat in a sheltered corner among the buildings. 
They were placed so that no shadow fell on'the test material or the sides 
of the box, with the slope directly facing SOlIth (i.e., true south, and therefore 
with English summer time the true moon sun was at 1 p.m.) (see illustra
tion, p. 325). 

The size of the material was alwayl:! such as to overlap the area of the 
upper surface sufficiently to prevent any direct sunshine reaching the sides 
of the box. 

Numerous common paints and metallic paints, market types, and two 
specially-made types, and a new type of aluminium foil were tested. 

Procedure,-Thematerials were prepared and huts and boxes placed in 
position, and quarter-hourly or half-hourly readings from all thermometers 
taken. Readings were to the nearest one-fifth degree Centigrade. 

During cloudy periods either just'before or at the time of the reading no 
reading was taken, and notes on the condition of clouds were kept for the 
period under test. 

In each set of readings a black bulb thermometer was included as a 
control. This thermometer had the bulb painted with two coats of black 
matt paint and WaS kept untouched throughout thewbole period. For 
test control the thermometer was fixed in a light wooden frame with a 
six-inch open space, the bulb being in the centre of the opening. The 
whole was placed' on the plank with, the wooden' boxes and exposed to the 
south to dir,ect sunlight and in no way shadowed. 

The readings of this, control theJ:mom~ter, were almost exactly tpree 
degrees above the air temperature during the sunshine periods. 
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328 Sun Heating of Tenti-linen Oanvas and other Mate1'ials 

In addition,. a record of half-hourly air temperatures was very kindly 
supplied by the Meteorological Officer at the R.A.F. Meteorological 

. Station at Farnborough (two miles away) and this was used as a further 
control. 

Readings for each type of material or colour have been checked against 
the control of the period and the increase above (or below) the control 
shown. The whole set of these readings has then been averaged, and the 
results are set out in the Tables V, VI and VII as degrees above the control. 

EXPERIMENTS WITH PAINTS ON METAL SURFACES. 

Sheets of tin 6 inches by 7t inches were used (Table V}.-This series 
was to confirm previous work, and fbr comparison with the results already 
shown by Grabham, Coblentz, and others. 

The short-wave radiation on to coloured surfaces demonstrates the 
coolness of the light paints compared with dark paints. 

TABLE V. 

METALS. TEMPERATURES ON UNDER SURFAqE OF METALS, 

compared with air temperatures. 

TIN PLATE. Upper surface covered. Under surface bare.' 

With water-washes 
Whitewash (35) 
Limewash (5) 
Cement wash (10) •• . • 
Nothing, i.e., plain tin both sides (11) 

With paints 
1. White paint (16) .. 

Pale-yellow paint (14) 
Yellow paint (7) 

2. Orange paint (14) •. 
Red paint (23) 
Beige paint (12) .. 
Aluminium paint No. 1 (24) 
Light blue paint (5) 

3. Light green paint (7) 
Grey paint (9) 
Brown paint (7) 
Khaki paint (19) •. 
Tar (9) .. 
Dark blue paint (11) 
Dark green paint (19) 
Black paint (shiny) (19) 
Black, matt (lamp black) 

Degreas above control 
given in Centigrade 

1'0 
1'5 
9'0 
4'5 

3'0 
8'0 
.9'0 
10'5 
15'5 
14'5 
15'0 
15'5 
19'0 
19'0 
19'0 
19'5 
20'0 
21'5 
23'0 
25'0 
29'0~30'0 

Note.-Temperatures were takEn by thermometers fixed against the under surface of the 
metal by plasticine. 

The number of readings for each colour is shown in brackets. 

For comparison the following results obtained by Grabham [1] in a series 
of experiments carried out at Halfa in the Soudan are given. Readings 
were obtained with thermometers placed in cylindrical metal flasks painted 
with various colours. 
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T. O. Thompson 329 

Colonr Degrees above the temperature Maximnm 
with a whitewash covering &hade temp. 

Black paint 
Blaek standard lamp black and varnish 
Green paint 
Brown paint 
Cement wash 
Grey paint 
Khaki paint 
Red paint .. 
Plain tin •. 
Scarlet 
Straw paint 
Green paint 
Oream enamel 
White enamel 
White standard 

Deg. F. 
36 
35 
39 
29 
26 
25 
22 
20 
19 
17 
13 
11 
11 
6 
o 

Deg. C. 
20 
20 
17 
17 
15 
15 
13 
12 
11 
10 
8 
7 
7 
4 
o 

40°0. 

EXPERIMENTS WITH UNTREATED WHITE TENT F ABiucs. 

Squares of tent fabric were fixed in the frames and placed over the 
boxes. In the case of the finer material there is probably a certain amount 
of ventilation through the cloth and also some element of direct penetra
tion of sunlight. Temperatures were taken by a black bulb thermometer 
placed in the cavity of the box, one inch below the cloth surface, and the 
readings contrasted with a control black bulb thermometer exposed to the 
sun in an open frame giving readings approximately three degrees above 
the air temperature. 

The results are shown in Table VI. 
The marked rise in temperature under old as compared with new tentage 

is well brought out. 
TABLE VI. 

The numher of readings on which, the average is based is shown in brackets. 

Plain Materials Temp. above control 
Degrees Centigrade 

Duck linen, new (93) 7'8 
Duck linen, washed and bleached (9) S'3 
WiIlesden canvas, new (30) .. 10'0 
Doosootie white, new (10) . . 10'9 
Doosootie yellow, new (10) .. 11'9 
Tent linen. old but serviceable (17) 12'8 
Tent cotton, old (17) 13'4 
Doosootie red, new (10) 14'6 
Tent linen, old, dark, mildewed (17) •. 16'S 

Note.-Duck linen ,is the modern material for all tents: cotton tents (new) are not now 
issued. The new duck linen has a smooth slightly shiny surface and is not really white but 
"pastel grey." Note the marked deterioration in protection from temperature in linen tents 
of which the material is old, grey or becoming unserviceable. 

Doosootie is the common regulation cotton material used for marquees and hospital ,tents. 
It is used with three layers of "white" interlined with" red" or with" yellow." In this 
position the red or y~lIow is not exposed.to direct sunlight but to the long-wave radiation 
under the outer covermg. 

EXPERIMENTS WITH TENT FABRICS TREATED WITH WASHES AND PAINTS. 

The results are shown in Table VII. 
In section (a) the wash or paint was applied on the top only and there

fore indicates the heat absorption from' short-wave radiation of sunlight 
with a constant under-surface of plain linen re-rl;tdiating the long wave 
radiation of cooler temperatures into the box cavity. 
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330 Sun Heating of Tent-linen-Oanvas and other Materials 

It will be seen that the results compare very closely with those m 
Table IV. 

The difference between the paints and the distempers, apart from the 
colour or salt concerned, probably lies in the penetration of the material 
by the oils and driers and consequent occlusion ()f the inter-fibrillar spaces 
of the material and a greater transference of heat to the glazed lower 
surface. 

In section (b) the application has been made on the under surface with 
the upper surface left plain. Therefore the short-wave solar radiation is 
absorbed by the plain linen (somewhat oil-glazed in the case of many of 
the paints) and the long-wave low-temperature radiation is emitted by the 
varying materials applied. 

The rel~tive similarity between all paint colours under the latter con
ditions is shown; but the high emissivity of the metallic paints .and 
aluminium bronze is somewhat surprising, and is no doubt -due to the 
amount of oil and varnish present which produces a non-conducting' surface 
with high emissivity. This point is brought out by the differences in 
aluminum paints No. 1, 2 and 3. No. 1 is a stock commercial mixture. 
No. 2 was specially prepared by the paint suppliers on request for a paint 
with the minimum proportion of oils and varnish to the aluminium poweler. 
-No. 3 was specially prepared according to the formula given by Coblentz [3] 
with seventy-five per cent of aluminium in the paint .. No. 2 undoubtedly 
appears to be the most effective. 

Section (c).-::-Acombination of the two previous methods using white
wash underneath, since this appeared .to give one of the coolest results with 
the long-wave low-temperature emission. of the under surface. It will be 
noted that there is a reduction of about two degrees in temperatures 
compared with the figures given in section (a). 

TABLE VII.-TENT FABRICS TREATED WITH PAINTS AND WASHES. 

The treated fabric was stretched over a frame on a box and the temperature recorded 
as in Table V. 

Section 
(a) Duck linen with paint or wash on top. 'l'emp. above control 

Degret;Js Centigrade 
I. Whitewash (31) 
n. Pale pink distemper (5) .. 

Pale blue distemper (5) •. 
Pale greeu distemper (5) 
Pale buff distemper (5) •• 

0'2 
5'5 
6'0 
7'5 
8'5 

Yellow paint (17) 10'5 
Mottled paint (5). Pale yellow, pale blue and red 

on a white basis 12'0 
HI. Aluminium paint (17) .. 12'5 

Lustra paint (35), a bronze paint 130 
Pale blue paint (17) 14'5 
Khaki paint (17) 15'0 
Dark green (17) 18'0 

The distempers were the ordinary cheap colour washes having only a little size content. 
The paints were ordinary stock oil paints. 
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T. O.Thompson 

Section 
(b) Duck linen with paint or wash underneath and a plain untouched surface exposed to 

the sun, to test the effect of various coloured surfaces on re-radiation ftom' the 
heated surface. 

Duck linen with paint or wash underneath 
:raje pink distemper (5) .. 

Section 

Palebltie distemper (5) .. 
Whitewash (5).. • .. 
Cream distemper (5) .. 
Pale green' distemper (5)c 
Aluminium paint No. 2(40). Aluminium powder 

paint 
Buff distemper (5) 
Yellow paint (25) . 
Graphite wash (10) 
Lustra paint (35). Bronzepowder 
Pale blue paint (5) 
White paint (5) •• -
Aluminium p~int, No. 1 (40) 
Aluminium paint, No. 3 (5) 
Khaki paint (~5) 
Dark green paint (25) 

(c) Duck linen treated on both sides 
Whitewash/whitewash (46) 
Whitewash/graphite wash (16) 
White paint/whitewash (9) 
Yellow'paint/whitewash (10) 
Mottled paint/whitewash (9) 
Aluminium paint/whitewash (9) 
Pale blue paint/whitewash (9) 
Khaki paint/whitewash (9) 
Graphite/whitewash (3) .. 
Dark green paint/whitewash 

Section 
(d) Metallio paints and foils on covering materials 

Material and cover 
Duck linen; phin (33) 
Aluminium paint No. l/plain linen (17) 
Aluminium paint No. 2/plain linen (40) 
Aluminium paint No. 3/plain linen (30) 
Lustra paint/plain linen (35) .. 
Canvas No. 3 plain (17) .. 
Aluminium paint No. 1/canvas plain (35) .. 
Aluminium paint No. 2/canvas plain (5) •• 
Tin sheet lamp black/alumininm paint No. 1 (10) .• 
Tin sheet lamp black/aluminium paint No. 2 (10) •• 
Alfol single sheet/frame and box (10) 

Duck linen plain/Aliol single sheet (10) 
Duck linen plain / 3 layers crumpled Alfol / duck 

linen (10) 

Deg. C. above 
the control 

6'5 
9'5 

10'5 
10'5 
11'0 

11'5 
11'5 
12'0 
12'5 
13'0 
14'5 
15'0 
15'5 
15'5 
16'0 
16'5 

-2'0 
-1'0 

4'5 
S'5 

10'0 
120 
12'5 
14'0 
140 
15'0 

7'S 
12'5 
11'0 
J5'5 
13'0 
9'0 
8'0 
7'0 

10'5 
g·O 

-2'0 

Below control 

Abov~ 'control 

" 

" ',j 

Remarks 
Temperature 
over control 
reading ap
prox. 3 deg. 
above air 
temperature 

i.e., almost 
air temp. 

Above control 

Note.-Aluminium paints: for difference in composition see p. 330. Alfol: see p. 332. 

Aluminium paint/black paint n':teans the upper surface is painted with aluminium paint 
and the lower surface with black paint. 

Graphite wash was tried because it was noted in the table of "emissi
vities" given by Fishenden and F'aunders [2J that the" emissivity" was 
low for long-wave radiation, i.e., 41 per cent at 100° F. (9'3 p.) compared 
with 80 to 90 per cent for other substances used in paints, but no particular 
advantages seem to arise from its use, and it IS a horribly messy stuff as 
an inner coating to any tent. 
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332 Sun Beating of Tent-linen Canvas and other Materials 

Section (d).-A comparison of the polished metal paints on tent linen, 
of canvas No. 3 which is used for hood coverings of ambulances and carts, 
and an impervious aluminium foil. This foil gave markedly cool results. 
It is sold under the name of "Alfol" by Alfol Insulation, Ltd., Windsor 
House, Victoria Street, S.W.1, to be used as an insulating material in three 
layers round boilers, disinfectors, etc. Its use as a lining or an under
layer of course completely shuts off ventilation through the material. 

GENERAL REMARKS. 

For clarity it may be as well to give a brief summary of.points bearing 
on the subject before considering whether this series of tests has produced 
any results. 

Certain experiments in elementary physics are often forgotten and are 
worth recalling, and in fact in this case, I confess, were completely 
forgotten. 

By placing coloured pieces of cloth on snow exposed to sunshine, 
Benjamin Franklin showed that the darker coloured cloths absorbed more 
heat and melted the snow beneath them. 

Leslie and Melloni, and later many others, showed by numerous con
trolled experiments that up to a temperature of 1000 C. almost any paint 
regardless of colour emits some 80 to 90 per cent of the absorbed heat. 

Aluminium and similar metal· flake paints have more of the character
istics of polished metals depending on the amount and nature of the 
vehicle. 

TABLE V Ill. ----'EXTRACTS SHOWING ABSORPTIVITY OR EMISSIVITY OF V ARlOUS SUBSTANCES. 
THE FIGURES SHOW Percentages OF FULL" BLACK BODY" RADIATION. 

~4 P. 8'S P. 4'4 P. 0'05 P. 0'6 P. wave· lengths 
1250 F. 7500 F. 5,0000 F. Solar temps. 

G I . d J Whitewashed •• 22 21 
a v~Il1ze Ditto, new •• 67 66 

Iron (Ditto, dirty ., 89 89 
Lamp black 96 96 97 97 97 
Blue 00203 94 87 86 97 97 
Red Fe2Qs 91 \)6 70 5(l 73 
Green OU20S 92 95 67 55 73 
Yellow PbO 90 74 49 48 
Yellow Pb04 93 95 59 30 
White Al20 s 94 98 79 12 16 
White Zn02 95 93 77 16 14 
White PbCOs 93 89 71 8 12 

oAluminium, polished 4 4 5 26 
Ditto, oxidized 11 12 18 
Brass, polished 5 
Steel, polished S 12 37 45 
Graphite •• 42 32 73 78 
Oil paints 79 
White paper 95 88 26 29 

Cotton CIoth-
Diamine red 57 
Diamine black 67 

Summary from the calculation of heat transmission by Margaret Fishenden 
and Owen Saunders. 
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T. O. TllOmpson 333 

Polished metal surfaces are good reflectors, i.e., low absorbers or emissers 
of radiation at low temperatures and high temperatures. 

The wave-lengths of heat rays at different temperatures vary considerably 
and this is evident from the figures given at the head of Table VII. The 
absorptivity of various metals, salts and other surfaces likewise varies 
enormously as is shown by the extracts given in Table VIII. 

The reflecting power of non-metal surfaces (excepting the silicates a~d 
some carbonates) is low, i.e., their absorptivity or emissivity is high at wave
lengths of about 4 - 9 - 24/L, that is temperatures between 30° to 1000 C. 
which occur in roofs, tents and awnings. 

White silicate paints radiate less than lead paints and should therefore 
. be more suitable for under-surfaces of roofs [4]. 

Exhaustive experiments on clothing indicate a pronounced superiority 
of white linen or cotton fabrics over all types of khaki fabrics when exposed 
to sunlight. , ' 

In general it was found that the temperature of khaki fabrics when 
exposed te;> sunlight exceeded that of white drill by 13° to 36° F., whIle black 
fabric showed an excess of 540 F. over white drill [-4]. 

CONCLUSIONS. 

The ground has been practically covered before, and the present series 
confirms the findings of others. For tent and similar coverings the duck 
linen used for manufacture of tents is practically the coolest material which 
could be used and is superior 'in this respect to cotton fabrics. 

Tanning or dyeing with any colour increases the heat absorption from the 
sun. Discoloration from age has a most marked effect in this respect and IS 
a point well wortJ;1 bearing in mind when considering the condemnation of 
tentage.· If, in a spirit of economy; such discoloured tentage is retained, 
there will be an increase in the risks of heat absorption and consequently 
increased temperatures inside such tentage. . 

Painting of the ext'erior surface with any coloured paints increases the 
heat absorption. The coloured paints, khaki and dark green, most 
commonly used for motor ambulance hoods and other similar coverings, 
are the hottest paints, other than black, which can be employed. If 
painting must be ,carried out, then pale yellow paint or a patchwork' 
paint of light colours, which absorb less heat than the darker colours, 
should be used. 

If visibility is a question of importance, as it is with motor ambulances, 
then painting with light colours either in irregular patches or in some 
definite pattern on a' ground of white silicate paint will give a decrease of 
some 6° to 100 in the heat absorbed from sunlight. 

A series of trial patterns was made to test visibility, and it was found 
that certain combinations, even on white, are remarkably invisible. 

Colour washing with distemper, particularly if used on old and 
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334 Sun Heating of Tent-linen Canvas an(l other Materials 
. , . 

discoloured tent material, produces a definite lessening of solar absorption, 
and might well be employed for reducing internal temperatures; '.," 

Whitewashing and lime-washing produce the most marked result and 
temperatures below the control, i.e., only one degree above air temperature, 
were obtained even in closed boxes. The effect was most marked oh bId 
tentage. It is worth noting that even a small amount of ~hitewash' will 
suffice .. Tent material which had been washed with heavy rain ~till showed 
low absorption readings. 

Whitewashing undoubtedly is the procedure to recommend for cooling. 
For the inner surface, when long-wave radia.tion comes into play, colour'ed 
paints are all much the same in the transmission of heat to tneinterior. 

Whitewash, the pale coloured disterppers; and metallic paints with a 
mininmm of oil and varnish, offer the surfaces with the minimum trans
mission of heat .. Paints of any kind occlude the ventila:tiori through the 
material. 

'The coolest of all appears to be whitewash both iIisideand out, the 
in.side temperature being practically the air shade temperature. A good 
aluminium paint is prohably the next best, for the-inside surfaces. 

The use of aluminium foil (Alfol) may hold out possibilities of cooling 
in marquees and hospital tents where ventilation through the material 
plays little part.. It is a substance which could readily he inserted in place 
of the innermost Doosooti(3 lining.' ,>" . . . ., 

A factor which has npt been tested out 'in this sei:ies;"and(is~o often 
overlooked in recording results by thermometer or tp~romopileis the 
reaction of .the human body to the conditions 'employed. An a.ittempera
ture of 100° F., and over, as shown by the bright bulb of, an) /liit t,l:termo
meter, affords little indication of the feelings of the hurpa/nbelng exposed 
to and absorbing radiation from the surmounting walls iln'dloof. 

A test of living under the condition is required to ascertain t'he best 
results. ' 

My thanks are due to Private A.F. Aldersoll, Royal Anny Me~ica.l 
Corps, who has carried out mucn of the .work in collecting the large'humber 
of readings necessary for these experiments. . " . 

In conclusion a1so I would thank Lieutenarit-C()19ng1 G.S. Wallace, 
O.B:E., Commandant of the Army School of Hygiene, for :permission to 
forward this article for publication. . .. '. . 

r ~ ., . 
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