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" DOWNWARD DISPLACEMENT" DISINFECTION, 

By MAJOR H. A. SANDIFORD, M.C., M.B.,· 

Royal Army Medical Corps. 

PART 1. 

(Oontinued from p. 232.) 

SOME THEORETICAL CONSIDERATIONS. 

(l) Before drawing any conclusions from Table Ill, it is advisable to 
recall the conditions under which the experiments were carried out and 
also review some of the actions of steam in a downward displacement 
disinfector. 

(2) The penetration times which were observed in Boxes A, Band C 
were obtained in somewhat roughly made apparatus. The three boxes 
were constructed as far as possible with similar materials and on the same 
lines, but it is quite possible that they may have varied slightly in their 
heat insulating properties. 

The heat losses from the boxes were not calculated, but slight loss from 
all the boxes, as felt by the hand, was found to occur, although no gross 
differences between the boxes were so observed. Boxes Band C were 
newly constructed for the experiments, whilst Box A was constructed 
twelve months previously and had been considerably exposed to weather 
conditions. 

(3) It has also to be admitted that the numbers of observations made 
with each box, packed at the various degrees of tightness, are small. Six 
observations were made with each box when blankets occupied 0'45 cubic 
foot each, and three observations were made in each box when blankets 
occupied 0'38 and 0'59 cubic foot respectively. Single observations have 
been discarded, i.e. when blankets occupied 0'36 and 0'53 cubic foot. 

The probable errors of the" constants" shown in the column" averages 
of 'XY's'" vary from 62 to 293, and the approximation of these averages 
to the truth varies accordingly. 

(4) In recalling the action of steam, it is to be noted that, in the first 
place, the incoming steam displaces the air lying between the fibres of 
material and also between the folds of blanket and that, secondly, the steam 
heats a definite mass of material by imparting latent heat to the surface 
of the blanket and fibres. 

(a) If a blanket is packed tightly, its mass does not alter, but the amount 
of air between the folds, and possibly between the fihres of material, is 
lessened. It might be expected therefore that, in acting on a tightly packed 
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H. A.. Sandiftn'd 309 

blanket, steam would penetrate the blanket more quickly, since it has the ,<",':',r, ',,-

same mass to heat but less air to displace.; /-:~~;'\'~"'''<.' 
Displacement of air, however, is a quick process; for example, .,tb.:e>r'" ,\,_~ 

30 cubic feet of air in Box A, when containing no blankets, is disP'i&~(f ,.;:> I· c 

in one minute by the steam produced from a boiler evaporating/;:s'~6ut ~~)' l~',' 
75 pounds of water per hour (1 pound water = 26 cubic feet steam);.'·/ <." /.)2'.' 

It would appear, therefore, that the air content of a box, " filled.~": wieil ,\,,~/ 
blankets, however packed, must be displaced very rapidly and l{~a,t \t1ie .. (,;)))' 
penetration time per blanket is little affected in this ma~ner by the\W¥oqJi§~\<0)Y 
of air in and around the blanket.~,,"';~~ 

(b) The tightness at which a blanket is packed may influence the 
penetration time in another way. 

We may suppose a blanket to be so tightly packed as to exclude all air 
from, between the folds and between the fibres, in which case the blanket 
becomes a solid mass comparable to a lump of lead. In such case, steam, 
impinging on the surface and giving up its latent heat, will first heat the 
surface layers of the solid mass, and subsequent heating of the mass will be 
by conduction from fibre to fibre. This is a slow process compared· with 
extensive surface heating, which results when the blanket is less loosely 
packed, i.e. with air in contact with all its surfaces. In none of the 
experiments were blankets packed tightly enough to exclude air, as was 
shown on all occasions by the shrinkage in the volume of the blankets 
seen on opening the boxes after steam had penetrated, such shrinkage in 
volume being caused by tbe falling together of tb'e mll,terial after the 
displacement of air. 

(c) In comparing boxes of equal cubic capacity, packed at differillg 
degrees of tightness, the penetration time of the more tightly packed box 
would be expected to be longer than ,for a loosely packed box, since the 
total mass of blanket to be raised to steam temperature is greater in the 
tightly packed box. 

(5) (a) A further action of tbe steam to be considered is the beating of 
the inner surfaces of the box. 

The same amount of heat is required to heat the whole internal sufface 
of the box, whether the box is filled with a few loosely packed, or many 
tightly packed blankets. This heat is obtained from the steam, which is 
thus diverted from its intended function of heating (or penetrating) the 
blankets .. Diversion of the steam in this manner delays penetration of the 
blankets. The total delay from this cause is the same whether the box is 
loosely or tightly packed, but the delay in penetration time per blanket will 
be greater in the loosely packed box than in the tightly packed box, i.e. 
the penetration time per blauket will be increased as the cubic space 
occupied by a blanket increases, other conditions being equal. 

'.rbe increase of penetration time per blanket due to the above cause is 
proportional to the amount of internal surface of the box per blanket. 

(b) It also follows that, in dealing with two boxes of equal volumes, i.e. 
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310 "Downward Displacement" Disinfection 

equal blanket holding capacity, but of differing shapes, so that their internal 
surface areas are unequal, the penetration times per blanket will be longer 
in the boxes with the greater internal surface area. 

(c) During and following the heating of the inner surface of the box, 
some of the heat is conducted through the walls of the box. With the 
external surface of the box at atmospheric temperature, there is a constant 
flow of heat through the wall of the box to the external surface, so long as 
steam enters the box. In an imperfectly insulated· box the heat loss can 
be recognized by the hand and tbe external surface of the box can be felt 
to become warm from above downwards, the warmtb keeping pace with the 
downward descent of the steam through the box. 

Loss of heat, in this manner, diverts steam from its intended function 
of heating the blankets, etc., inside the box, and tbe greater the heat loss 
the greater will be the diversion of steam, until, with a sufficiently low 
rate of steam entry and a sufficiently high rate of steam loss, tbere will be 
insufficient steam to penetrate the box contents. It also follows that a 
given rate of heat loss through the walls will have more effect in delaying 
penetration of the blankets at Iow rates of steam entry tban a similar loss 
will bave at higb rates of steam entry. 

(d) The amount of beat lost through the walls of a box, due to inequalities 
of temperature on its inner and outer surfaces, is directly proportional to 
the surface area involved, per unit of time. It follows then that boxes of 
equal cubic capacity (i.e. equal blanket-holding capacity), but with different 
shapes and therefore of different internal surface areas, will have unequ,al 
heat losses per unit of time, assuming tbeir insulating properties are equal. 

Since heat losses affect the penetration times (as noted above (5) (c)), 
then the penetration times per blanket would be expected to vary in such 
differently shaped·boxes, and such variation would be most marked at low 
rates of water evaporation. 

I 

(6) We may next consider wbether heat loss through the walls of a box 
affects the penetration times of blankets packed at different degrees of 
tightness, and may confine our considerations to one box, so that shape and 
size factors have no· influence. ' 

The penetration time·for a whole box, tightly packed, is expected to be 
longer than for a loosely packed box, as previously noted in (4) (c) above. 

, The heat loss per minute through the walls of the whole box is the 
same whether the box is tightly or loosely packed, because heat loss depends 
on surface ·area. time, conductivity of walls and temperature differences 
between inner and outer surfaces, and none of these factors for the whole 
box is affected by the tightness 'of packing. 

The more loosely a box is packed, however,the greater is tbe amount 
of internal surface area of box per blanket, and therefore the greater tbe 
amount of heat loss from the box per blanket. It follows that the penetra
tion time of a blanket in the more loosely packed box is expected to be 
greater than that of a blanket in the tightly packed box. This increase in 
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H. A. Sandiford 311 

penetration time is expected to be more marked with low rates of steam 
entry than with high rates. The penetration times per blanket will also 
vary as the internal surface area of box per blanket. 

(7) Finally, we may consider whether heat loss through the walls of a box 
is affected by differences due to variation in size of the boxes, and for this pur
pose, we may consider the heat losses in the two boxes A and C, which have 
similar shapes but differ in their cubic capacity. Box A, which holds three 
times as many blankets as Box C, has an internal surface area of 8,414 
square ipches, whilst the internal surface area of Box C is 4,140 square 
inches, approximately half that of A. 

Since heat loss through the walls is proportional to the surface a.J'~~,' 
involved, other factors being equal, it follows that Box A will lose ~bo:ut' 
twice as much heat as Box C, but whilst doing so, three times as,;h'Iany " 
blankets are penetrated. There is, therefore, an increased rate of heat loss "j • i 
during the penetration of one blanket in Box C as compared with Box A;:-
It follows, therefore, that (from (5) (0) above) the penetration tim~ pe~"~~:';: 
blanket in Box C will be increased as compared with Box A, and that'this ".: .;;;/ 
increase will be most marked at low rates of steam entry, and least markeil.,". :"", 
at high rates of steam entry, and will also vary with the internal surfii;ce' 
area of box per blanket. 

(8) It will be useful to summarize the results to be expected from the 
theoretical considerations just discussed. 
, Differences in the penetration times per blanket in Boxes A, Band C 
may appear because of the following factors:- . ' 

(a) Small number of observations and statistical errors; (b) roughness 
of apparatus and errors of observation; (c) unequal amounts of heat 
absorption (in heating the inner lining of the box) due to unequal internal 
surface area of box per blanket and caused by: (i) Variations in: tightness 
of packing, (ii) differences in shape of boxes, (iii) differences in size of 
boxes; (d) unequal heat losses (through the walls of a box) due to unequal 
surface area of box per blanket and caused by: (i) variations in tightness 
of packing, (ii) differences in shape of boxes, (iii) differences in size of 
boxes. The differences in penetration timee due to heat losses are expected 

, to be most marked at low rates of steam entry and vice versa, and also 
to be proportional to the Internal surface area of a box per blanket. 

CONCLUSIONS FROM TABLE Ill. 

(1) The penetration time per blanket varies inversely as the amount of 
water evaporated, i.e. doubling the amount of water evaporated halves the 
penetratiori time. 

Whilst the above statement is true as regards the relative decrease 
obtained by doubling allY given fate of evaporation, it will be seen that in 
practice the absolute decrease in penetration time is very small at the 
higher rates of eV'aporation. 
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312 " Downward Displacement "- Disinfection 

Similarly, the absolute increase in penetration time becomes very great 
at the lower rates of evaporation. 

_ It would appear, therefore, that what might be termed the "useful 
working range" of boiler evaporation, lies between 30 and 100 pounds 
per hour. 

(2) There are no significant differences in the constants and therefore 
in the penetration times in the following extract from Table Il ;-

Box 

C 
A 
A 
A 
B 

Volume per blanket 
in cubic feat 

0-38 
0-45 
0'59 
0'38 
0'45 

Value of " XY " 
- (Constant) 

2,088 
2,095 
2,176 
2,178 
2,198 

internal'surface area of 
box per blanket in 

square inches 

153 
122 
165 
104 
186 

The broad conclu~ion is that the differences of size and shape of the 
boxes, and variations in tightness of packing have very little effect. 

(3) Box C, packed at 0'45 cubic foot per blanket, vide column 2, Table 
Ill, appears to give a better result than Box A, however tightly packed, 
although at a disadvantage (theoretically) as regards size. 

It should be noted, however, that the experiments made with blankets 
at 0'45 and 0'38 cubic foot, were carried out with higher rates of steam 
entry in Box C than Box A, thus minimizing the disadvantages of C. 

Also it will be remembered that Box C is a much newer box than A and 
may therefore retain heat slightly better, though no evidence is available on 
this point. 

(4) Box B gives worse results than Box A; this is to be expected as 
Box B is at a disadvantage in respect of size and shape. There is no 
compensation of heat loss by increased steam entry as the observations in 
Boxes A and B were made with approximately the same rates of steam 
entry. 

Box B is a newer box than A and may therefore retain heat slightly 
better, though no evidence is available on this point. 

(5) The longest penetration times are shown in Box C at volume 0'60 
cubic foot per, blanket and Box B at volume 0'59 cubic foot per blanket. 
This is to be expected from the greatly increased internal surface area of 
box per blanket. The increased area is due to differences in size and shape 
as compared with Box A. There were no compensating high rates of steam 
flow in the experiments in these hoxes at the volumes indicated. 

(6) Table III shows fairly clearly that a large increase of surface area 
of box per blanket affects the penetration time per blanket but differences 
due to small increases are not so obvious. This may be due to statistical 
or experimental errors or possibly because small - differences produce 
insignificant effects. 
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H. A. \8andiford 313 

(7) The increased heat loss per blanket from the increased surface area 
per blanket due to loose packing is well shown by the lengthened 
penetration times at volumes 0'59 and 0'60 cubic foot in Boxes Band C 
respectively. 

An increase in volume from 0'38 to 0'45 cubic foot is accompanied, 
contrary to expectation, by a decrease in penetration time in: all three 
boxes.. The differences are small and possibly insignificant. ' 

It will be noted that an increase in volume from 0'38 to 0'45 (i.e. 0'07 
cubic foot per blanket) results in an increase of approximately one-sixth in 
the surface area of box per blanket, whereas an increase from 0'45 to 
0'59 cubic foot, i.e. 0'14 cubic foot per blanket, results in an increase of 
approximately one-third III surface area of box per blanket (vide figures at 
the foot of all columns Table Ill). It is to be expected that this large 
difference would stand out clearly and this is found to be the case in 
Boxes Band C. 

From this it would appear that it is a disadvantage to pack at 0'59 cubic 
foot per blanket. 

In connexion with this question of tightness of packing, Colonel 
Hammond-Searle informs me that in packing containers of various shapes 
and sizes he has found that when the blankets are packed unfolded in 
a 11 normal manuer," i.e. without previous decision as to whether they will 
be tightly or loosely packed, the blankets have been constantly found to 
occupy a volume of 0'45 cubic foot each. 

In the present series of experiments, when it was desired to pack .the 
blankets at 0'38 cubic foot, they had to be forcibly compressed in order to 
get them into the box, by stamping on them-:-,-~ definitely abnormal way of 
packing. Again, when the blankets were packed so as to occupy 0'59 cubic 
foot, great care had to be taken to pack loosely enough for the boxes to be 
filled without leaving a large empty space in the box; this again is an 
abnormal method of packing. 

(8) Table In shows the influences of various factors on the penetration 
times per blanket, but the relative influence of these factors remains to be 
decided. 

The amount of water evaporated by the boiler per hour is one factor 
and its influence has already been noted. 

The other factors influencing the penetration time (i.e. shape and size 
of boxes, tightness of packing) do so because they affect the internal surface 
area of box per blanket. 

The question therefore becomes-what is the relative influence of water 
evaporation and internal surface area of box per blanket respectively on 
the penetration time '1 It has already been seen that the differences in 
penetration time with varying amounts of internal surface area of box per 
blanket are in several instances insignificant, or overlaid by errors, so that 
the influence of small variations in internal surface area of bbx per blanket 
is not apparent. 
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314 "Downward Displacement" Disinfection 

The influence of the largest difference in internal surface area is seen 
when the penetration times in Box B, with volume per blanket of 0'59 cubic 
foot, is contrasted with Box A, volume per blanket 0'38 cubic foot, where 
an increase of 252 - 104 = 148 square inches of internal surface area of 
box per blanket, i.e. an increase of 144 per cent, lengthens the penetration 
time by 18 per cent only, whereas an increase of 144 per cent in the rate 
of water evaporation decreases the penetration time by 60 per cent. 

We may conclude, therefore, that small differences in the internal 
surface area of boX: per blanket are insignificant, and that large differences 
influence the penetration time to only one-third of the extent to which 
similar differences in water evaporation influence it. 

SUMMARY. 

(1) Experiments were undertaken to determine the factors influencing 
the output of a "downward displacement" disinfector. 

(2) It was found that the output of the disinfector varies directly with 
the boiler output, and that, e.g., doubling the latter doubles the disinfector 
output. 

(3) The boiler should have an output of between 30 and 100 pounds of 
steam per hour at atmospheric pressure. Where time is of no importance 
the lower limit of boiler output may be employed, but where it is desired 
to attain the maximum disinfector output in a given time, the boiler 
should have an output of 100 pounds per hour. 

(4) Heat losses from the disinfecting chamber, due to faulty insulation' 
or to the use of a chamber which is not of the optimum shape or size, are 
minimized to a greater extent by a boiler having an output of 100 pounds 
steam per hour than by a boiler having a lesser output. The disinfect or 
output is correspondingly increased by the use of the greater boiler output. 

(5) The output of the disinfector is very little affected by the size or 
shape of the disinfecting chamber, but where it is possible to employ the 
disinfector under ideal conditions the optimum sized chamber is the largest 
and the optimum shape is spherical or cubical. Employed in the field, 
however, the size and shape of the disinfecting chamber may be modified to 

. suit requirements of transport, space, and weight, with very little loss in 
disinfector output. 

(6) The disinfector output is little affected by the exact degree of tight
ne ss at which hlankets are packed, assuming these are packed in a " normal 
manner." ' 

(7) The output of the disinfector is affected by heat losses from any 
cause, and the amount of heat loss present will be affected by weather 
conditions. 'fhe present experiments were carried out between 
February 25, 1936, and March 27, 1936; during this period the shade 
temperature varied between 40° and 53° F., and some of the days were 
calm and some were windy. The heat .losses from the boxes would vary 
with variations in air temperature and air movement, being greater with 
Iow air temperature and a high rate of air movement and vice versa. 
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H. A . . Sandiford 315 

If the experiments had been carried out in mid-winter the heat losses 
would probably have been greater and the penetration times per blanket 
longer. If, on the other hand, the experiments had been carried out in 
mid-summer the penetration times would probably have been less. It is 
likely that in boxes insulated to the same degree as Boxes A, B, and C, 
the output of blankets may be decreased by 30 per cent in winter as 
compared with the output.in summer. Heat losses from any cause should 
be guarded against in the construction of the apparatus. 

PART U. 

In the senes of. experiments recorded in Part I of this paper, the 
following constants were obtained in Boxes A, B, and C (vide Table Ill, 
Part I). 

Volume per Surfacl! area 

Constant Box blanket in of box per 
cubic feet blanket in 

sq, inehes 

(1) 1,896 C 0'45 180 
(2) 2,088 C 0'38 153 
(3) 2,095 A 0'45 122 
(4) 2,176 A 0'59 165 
(5) 2,178 A 0'38 164 
(6) 2,198 B 0'45 186 
(7) 2,333 B 0'38 159 
(8) 2,343 C 0'60 244 
(9) 2,576 B 0'59 252 

It was expected, for the reasons stated in Part i, that the constants 
shown at (8) and (9) above would be greater than the others, because of 
the greatly increased surface area of box per blanket. These constants 
(2,343, 2,576) were obtained when the blankets were packed in an abnormal 
manner, i.e. very loosely, and in the case of Box B, in a box of unusual 
,proportions. It is thought, therefore, that these constants (2,343, 2,576) 
should be omitted from subsequent calculations. 

The mean of the remaining seven constants is 2,138 and the probable 
error of the mean is 65, so that in another series of similar observations 
the mean might lie between 2,073 and 2,203. 

It is admitted that these figures are but rough approximations to the 
truth, but they may be useful: (a) As a guide in constructional work; (b) 
as a check on further experimental work in similarly constructed or the 
.same boxes. 

Graph D shows the curve of the equation :~ 
xy=2,138. 

The graph may be used to read off the evaporation of water required to 
'effect penetration of a blanket in a given time, e,g. : If a disinfector is 
required to have an output necessitating the penetration of a blanket in 
sixty seconds, then the evaporation of water (from graph) must be between 
34 and 37 pounds per hour, or say 30 to 40 pounds per hour. 

Conversely, if a boiler evaporates 100 pounds of water an hour, then the 
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penetration time per blanket will be about 18 to 25 seconds, and from this 
the expected output of a disinfector can be calculated. 

For the above statements to hold true the heat losses from the disin
fecting chamber and steam pipe must be the same as those obtaining in the 
experiments carried out in Boxes A, B, and C. 

CRAPH.O. 

SECSH++- H-

Qrt+++H·: I I -~-cr:" .. j~.'. ~'~t- - . --t .. 
11) 10 30 40 50 60 70 

WATER EVAPORATION PER HOllR. 

I 

~l I : 

t!IJ 90 100 Ibs 

It should also be noted that in applying the data from Graph 'D' to 
the disinfection of men's kits, it is probable that the penetration time of 
Service dress material may vary slightly from that of an equal weight of 
blanket. The variation is probably slight, and possibly insignificant, com
pared with the other factors, and it will suffice here to note its probable 
occurrence. 

PRACTICAL ApPLICATION-A UNIT DISINFECTOR. 

The considerations and conclusions arrived at so far, may be applied 
practically in considering the design of a Unit Disinfector. 

Proble1n.-Unit Disinfector capable of dealing with a platoon (say 50 
men) in one morning (say four hours). 

Gonditions.-(I) Disinfector to be as light, small and portable as 
possible; (2) disinfector to be adaptable to carriage on wagon or pack; 
(3) disinfecting chamber may be double, i.e. two concentric boxes (called 
" A" and "B" respectively) housing as much of the apparatus as 
possible. 
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H. A. Sandiford 3-17 

Boiler.-(a) Evaporative capacity-the amount of water to be evaporated 
per hour depends on the penetration time per blanket aimed at. A boiler 
evaporating from 40 to 45 pounds of water per hour will be required (see 
Appendix 2); (b) type-enclosed fire-box type (see figs. 2 and 3) heated by 

T 
'0 
.~ 

FIGURE 2. 

5CA~E OF FEET 

'l"l,ti,t'j,rj"r r 
. FIC4URE O. 

ENCLOSED FIRE-BOX 

BURNER IIISERTEO 
HE.RE. 

a Rutherford burner; (c) size-must accommodate (i) "dead water," i.e. 
all water below the level of internal end of filling pipe and (ii) sufficient water 
to give, say, one hour's steam. The boiler will then require to be re
filled hourly or at some lesser interval; (d) design-suggested boiler is 
shown in figs. 2 and 3, and further details in Appendix 3. 

Burner.-Rutherford (t-gallon type) burner should be sufficient to 
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318 "Downward Displacement" Disinfection 

produce 40 to 50 pounds of steam per hour in this boiler. The -large (one-
gallon type) burner produces 100 to 110 pounds of steam. in a similar type 
of boiler at present under trial for a large disinfector. 

Disinfecting Chambers.-(i) Size: "A," larger chamber, is to contain 
"B," the smaller chamber, which is to contain the boiler. 

"B," internal measurements 21 by 21 by 36 inches = 9'2 cubic feet= 
5'1 kits or 20 blankets. 

"A," internal measurements 25 by 25 by 39 inches =14'1 cubic feet= 
7'S kits or 30 blankets. 

" A " will contain" B " with such projections as exist on the present 
Mule Pack Disinfector (handles, hinges, catches, bands). 

(, B" will contain the boiler, dismantled chimney and filling pipe, and 
flexible pipe which conveys steam frolll boiler to chamber; (ii) design: the
same construction as the mule pack disinfector boxes, with more attention 
to insulating material. 

OUTPUT OF DISINFECTOR.·-Estimated that when steam has once beell. 
raised the following output should be obtained in each hour :-

Disinfecting Chamber" A " 30 blankets 
Allow steam to issue freely .. 
Refill witb 2 gallons water and boil 

Disinfecting Chamber" B " 20 blankets 
Allow steam to issue freely .. 
Refill with 2 gallons water and boil 

25 minutes 
5 
5 

17 
5 
5 

62 minutes 
Output would be 50 blankets an hour approximately. 

Method of C(U'riage.-(a) On a wagon-Chamber "A" to contain· 
Chamber" B " with boiler, chimney and filling pipe of boiler, and flexible 
piping for conveying steam from boiler to chambers. 

Rutherford burner carried separately in a box. Oil supply carried 
separately in a drum. (b) On pack animal-Chamber A to contain burner 
and oil supply. Chamber B contents ag above. 

The above notes on a suggested' unit disiufector are not intended to 
describe the apparatus fully, but to indicate the lines along which the 
problem may be solved. 

GENERAL SUMMARY. 

In Part I some of the factors affecting the output of a downward dis
placement disinfector are discussed, and a record of experiments analysed 
to determine the influence of these factors. 

In Part II a curve is given which shows the boiler output required to 
effect penetration of a blanket in a given time in the boxes used for the
experiments. 

In addition, in Part II are notes on a suggested unit disinfector based. 
on the data previously obtained. 
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APPENDIX 1-

EXPERIMENT No 3. MARCH 19, 1936. 

Before this experiment the Rutherford burner was dismantled and thoroughly 
cleaned. 30 gallons water. Temperature 50° F. 31 pints paraffin. Burner run 
at 20 pounds pressure. . 
9.40. Burner lit and applied to boiler. 

10.35. Steam up (55 minutes) and turned into Box A (69 blankets). 
11.17. First wisps of steam emerge. . 
11.30. Steam issues in full volume (55 minutes). 
11.35. Steam turned into Box B (23 blankets). 
11.46 .. First wisps of steam. 
11.53. Steam in full volume (18 minutes). 
11.56. Steam turned into Box A (51 blankets). 
12.32. Steam issues in fuU volume (36 minutes). 
12.34. Steam turned into Box B (17 blankets). 
12.45. First wisps of steam. 
12.49. Steam issues in full volume (15 minutes). 
12.51. Steam turned into Box A (69 blankets). 
12.55. 9 pints oil added to burner. 

1.28. First wisps of steam. 
1.45. Steam issues in fuU·volume (54 minutes). 
1.46. Steam turned into Box B (23 blanketR). 
2.04. Steam issues freely (18 minutes). 
2.08. Burner dowsed. 

Oil remaining, 6 pints; oil consumed, 34 pints; water remaining, 12 gallons; 
water evaporated, 18 gallons. 

EXPERIMENT No 7. MARCH 27, 1936. 

30 gallons water, temperature 48° F. 28 pints paraffin in burner; run at 
25 pounds pressure. 
9.23. Burner lit and applied to boiler. 

10.08. Water boils (45 minutes). 
10.09. Steam turned into Box C (23 blankets). 
10.18. Steam issues in full volume (9 minutes). 
10.19. Steam turned into Box A (81 blankets). 
10.45. First wisps of steam issue . 
. 10.54. Steam issues in full volume (35 minutes). 
11:01. Steam turned into Box C (23 blankets). 
11.10. Steam issues in full volume (9 minutes). 
11.12. Steam turned into Box A (51 blankets). 
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320. " Downward Displacement" Disinfection 

11.31. ~telj.!p issues in full volume (19 minutes). 
11.38. Steam turned into Box,C (23 blankets). 
11.4:7. Steam issues in full volume (9 minutes). 
11.47. Steam turned into Box B (27 blankets). 
12.00. Steam issues in full volume (13 minutes). 
12.02. Steam turned into Box C (23 blankets). 
12.10. 2 gallons oil added to burner. 
12.11. Steam issues in full volume (9 minutes). 
12.13. Steam disconnected from box. 
12.14. 8 gallons water added to boiler; goes off boil. 
12.27. Water boils (13 minutes). 
12.31. Steam turned into Box A (84 blankets). 

1.09. Steam issues in full volume (38 minutes). 
1.12. Steam turned into Box C (27 blankets). 
1.24. Steam issues in full volume (12 minutes). 
1.25. Steam disconnected· from box. 
1.32. Steam turned into Box C (U} blankets). 
1.42. Steam issues in full volume (10 minutes). 
1,43. Burner dowsed. 

Oil remaining, 4 pints; oil comlUmed, 40 pints; water remaining, 14 gallons; 
water evaporated, 24 gallons. 

APPENDIX 2. 

Problem.-To disinfect 50 men's kits in four hours, when steam has once .been 
raised=12! men's kits in one hour, or 50 blankets in one hour. 

But every hour time is lost in: (1) Refilling boiler and reheating water-say 
ten minutes; (2) allowing steam to "issue freely" from each box to ensure 
thorough disinfection-say ten minutes. Total time lost per hour=twenty 
minutes. 

The problem is now to penetrate 50 blankets in forty minutes, i.e. one blanket 
in forty· eight (say fifty) seconds. 

From Graph D a boiler evaporating 40 to 45 pounds water per hour will 
penetrate the blanket in fifty seconds in a well-insulated box. 

The boiler must evaporate 40 to 45 pounds per hour, and this amount of water 
will require to be added hourly to the boiler. 

APPENDIX 3. 

Boiler;.-(l) Firebox, 24 inches long, 13 inches wide, 6 inches deep, having a 
1 inch mid-water feather. Cubic capacity of firebox, excluding mid-water feather 
= 1 cubic foot. 

(2) "Dead water "-all water below level of internal end of filling pipe= 
6'85 gallons. 

(3) Boiler capacity up to 3 inches above dead water line=11'25 gallons. 
(4) Amount of water which can be evaporated before refilling becomes necessary 

-44 pounds. Refilling should be carried out after each disinfection, say 
2 gallons at a time. 

(5) Chimney and filling pipe are in sections to diminish height. 
(6) Overall measurements for packing in chamber-34! by 20t by 18 inches 

wide. . 

guest. P
rotected by copyright.

 on M
ay 22, 2023 by

http://m
ilitaryhealth.bm

j.com
/

J R
 A

rm
y M

ed C
orps: first published as 10.1136/jram

c-67-05-03 on 1 N
ovem

ber 1936. D
ow

nloaded from
 

http://militaryhealth.bmj.com/

