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,"DOWNWARD DISPLACEMENT" ,DISINFECTION. 

By MAJOR H. A. S~NDIFORD, M.C., M.B., 

Royal Army Medical COrp8. 

PART 1. 

THE experiments recorded below were carried out in connexion with 
the design of a disinfector for a field hygiene section. The disinfector was 
required to have an output' sufficient to cope with the needs of a field 
disinfestation centre, and at the same time was to be capable of carriage on 
a thirty-hundredweight or three-ton lorry-preferably the former. 

In order to secure lightness and simplicity of apparatus it was decided to 
take advantage of the principle of "downward displacement of air by 
steam," and to make use of the method of generating steam and of 
constructing the disinfector box as are -employed in the Thompson Mule 
Pack Disinfector. 

Colonel H. H. A. Emerson, D.S.O.' (now' Director of Hygiene), when 
Commandant, Army School of Hygiene, had constructed an enlarged mule 
pack disinfector. The sOlirce of heat was waste oil used with water on a 
flash pan. The boiler was a forty-gallon tar barrel surrounded by a metal 
hood, and the disinfecting chamber was a box containing a steam-tight 
galvanized iron liner, lagged by layers of old blanket and surrounded by 
five-ply wood. The box was mounted on a stand so that it could be 
swivelled and inverted like a milk churn. 'rhe pipe conveying steam from 
the boiler to the chamber was a flexible copper hose as used in the Harold 
Drum Disinfector. The source of heat, waste oil on a flash pan, was found 
unsuitable for use on a lorry, and wa.s replaced by a Rutherford patent oil 
burner; in which steam under pressure is used to vaporize oil (any clean 
oil), which when ignited tbrows a luminolls horizontal flame of about four 
feet in length. 

In the course of preliminary experiments, during which the working of 
this "enlarged mule pack" disinfector was tested, both for success of 
disinfection and output per hour, it became clear that successful disinfection 
was always obtained, but that the output varied from time to time. A 
further series of experiments was therefore undertaken to determine what 
factors influence the output of a " downward displacement" disinfector . 

.. Any conclusions arrived at were intended to assist in thesohition of the 
original problem (i.e. a disinfector for' field hygiene section), but since it is 
thought these conclusions will interest anyone who may be fa:ced with the 
task of improvising a disinfector in the field, permission has been obtained 
to publish the account of these latter experiments. 
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H. A. Randiford 223 

ApPARATUS USED FOR THE EXPERIMENTS. 

(a) Boxes A, B, and C.-In addition to the large disinfecting chamher 
used in the preliminary experiments and referred to above, two further 
boxes of similar construction: were m'ade, so that three well~insulated boxes 

FIGURE 1. 
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were available for the experiments. These, are referred to thrqughout as 
Boxes A, B, a.nd e,and their int,ernal measurements were as follows ::-,'" 

B~x A .-48 by 33 by 33 inches; 30'25, cubic feet; 8,414 square inches 
internal surface area. ", ' " , , 

Box B . ....::....16 by 30 by 33 inches; lo·i cubic f~et; 4,280 square, inches 
internal surface area. . , , j '. ". : •• -.: i :). 
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224 " Downward. Displacement" Disinfection 

Box 0.-33'5 by 23 by 23 inches; 10'2 cubic feet ; 4,140 square inches 
internal surface area. 

It will he noted that Boxes Band C were each one-third volume of 
Box A; that Box :i3 was one-third the depth of Box A, but had the same 
area in cross section; that Box C was constructed in the same proportions 
as Box A in regard to height and breadth. 

The three boxes were similarly constructed and lagged, and steam was 
admitted at the top of each box through a one inch-pipe fitted with the 
male half of a quick release hose union coupling. The boxes are shown in 
fig.l. 

(b) Boiler.-The boiler used for the experiments was a forty-gallon tar 
barrel which had been fitted with a steam pipe and a filling pipe; it metal 
hood surrounds the boiler, serving to direct the hot gases over the boiler, 
and also to prevent heat loss by radiation. The boiler was charged with 
thirty gallons of water for each experiment and the temperature of the feed 
water noted. 

(Q) Steam Pipe and Connexions.-The steam pipe of the boiler was 
connected by a screw collar to one end of a flexible metal hose which was 
used for the passage of steam from the boiler to the box; the other end of 
the hose was fitted with the female half of a quick release union coupling, 
and a slight push was sufficiimt to join the two halves of the coupling when 
connecting the metal hose to the inlet pipe of the box in use. 

(d) Source of Heat.-The source of heat was a Rutherford oil burner 
consuming eight to ten pints of oil per hour; paraffin oil was the fuel used 
throughout the experiments. . 

METHOD OF CARRYING OUT AN EXPERIMENT. 

Reference to the log of one of the experiments (e.g. No. 7, Appendix I) 
will assist the following description :-

The boiler was charged with thirty gallons of water. and the hurner 
charged with fuel, the quantity used being noted. The burner was then lit 
and the time taken to boil the water recorded. Steam having been raised, 
the flexible metal hose was coupled to a box containing a prearranged 
number of general service blankets and steam passed into the box; a note 
of the tilue of coupling was taken. Steam commenced to issue from the 
bottom of the box after a variable period, at first in wisps, but increasing 
rapidly in amount until it flowed freely from around the lid and through a 
hole in the centre of the lid. The point of time at which the steam issued 
in maximum volume was' recorded, and a simple subtraction gave the 
number of minutes required to penetrate the box load of blankets. 

Boxes were successively steamed as noted in the log of the experiments, 
and at the end of each experiment the water remaining in the boiler and 
fuel remains were measured and recorded. 
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H.A. Sandiford ·.225 

CALCULATION OF BOILER EFFICIENCY. 

In ascertaining the boiler efficiency the total heat units in the fuel con
,sumed were first calculated, by multiplying, the, calorific value of the fuel 
,. per pound (19,000 B.Th.Us.) by the total weight of the fuel used ,(1 pint 
,para,ffin= 1 pound). The total heat units given out by th~boiler were next 
"calculated; these are th,e sum of 

(a) The heat units required to raise 30 gallons water from the tempera
ture at which it was introduced into the boiler to boiling point, .and 

(b) The heat units required to evaporate the quantity of water evaporated 
at 2120 F. and atmospheric pressure. , .. : 

The boiler efficiency is then expressed as a percentage as follows :
B.E. % = Heat units given out ,by boiler x 100 

o Total heat units III fuel used. 

Example.-Experiment No. 3. 

A. Oil consumed = 34 pints or pounds ~ 34 x 19,000 B.Th.Us. 
~ 646,000 B.Th.Us. 

B. Total heat units given by boiler ;-
(a) in raising 300 pounds water from 500 F. to 2120 F. 

= 300 x (180 + 32 - 50) B.Th.Us. 
= 48,600 B.Th.Us. 

(b) in evaporating 180 pounds water from and at 2120 F. 
(970 B. Th. Us. = latent heat of one pound steam at 2120 F.) 

= 180 x 970 B.Th,Us. 
= 176,600 B.Th.Us. 

a + b = 223,200 B.Th,Us. 

C B 'I ffi' % - 223.200 x 100 34'60 
• 01 er e mency 0 - 646,000 = %. 

PENETRATION TIME PER BLANKET IN SECONDS. 

This figure is arrived at by dividing the time taken for steam to pass 
through a box by the number of blankets cDntained in the bDx. 

Example.-Experiment No. 1. 

10.30. Steam turned into Box A (69 blankets). 
11.08. Steam issuing in full volume (38 minutes). 

Penetration time = 38 :9 60 = 33·0 seconds per blanket. 

The o.utpUt of a do.wnward displacement disinfector is related to. the 
penetration time per blanket. Any circumstance which decreases pene
tration time increases the output over a given period and vice versa. 

VOLUME PER BLANKET IN CUBIC FEET. 

This is .arrived at by dividing the cubic capacity Df a box by the number 
Df blankets it. contains; it is essential, Df course, that blankets be evenly 
packed on each Dccasio.n so. as to o.CCUPY the bo.x fully. The vo.lume per 
blanket is a convenient method Df expressing tightness o.f packing
the more tightly packed a box the less the volume per blanket in c~bic 
feet. 

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-67-04-02 on 1 O
ctober 1936. D

ow
nloaded from

 

http://militaryhealth.bmj.com/


226 " Downward Displacement" Disinfection 

INTERNAL, SURFACE AREA OF 'Box PER BLANKET IN SQUARE 

INCHES. 

This figure is obtained by dividing the internal surface area of a box (in 
square inches}' by the number of blankets contained in the box. "Heat .is 
absorbed ,by the walls of a' box during disinfection, and the greater the 
wall area in relation to box contents the greater would be the relative heat 

,+ABLE 1., , 
'" " 

" " 

Penetration Surface area Number Boiler 
Evaporation Oil 

Experi. Box in time per Volume per of box per of per hour of consumed 
ment use blanket in blanket in blanket in, blanket., ~fficiency water per hour 'cubic reet %' F_&A_ seconds sq_ inches in box 212°F_ in lp_ in lb_ 

------ --- -------------- ---- ----
1. A 33-0 0'45' 122 69 ' I 9'75 ' 

B 36-5 0-45 186 23 24'2 52-6 
A 4(;-6 0-38 104 81 J B 53-3 0'38 159 27 --

------- ----- ------ -------- --,-- ----
2. A 631 0-53 148 57 

1 
5'8 

B 69-5 0-53 225 19 29-5 31-1 A 696 0-45 122 69 
B 70'4 0-45 186 23 

--------------- ---- -,------,-- ---
3_ A 4.7-8 0-45 122 

.. 
69 

} 346 

7-6 
B 47'0 0'45 186 23 " 

A 42-4 0-59 165 51 51'4 B 53-0 0'59 252 17 
A 47-0 0'45 12:.1 69 
B 47-0 0-45 186 23 

----- ---------------------- --
4_ A 33-0 0-45 122 69 8-7 

B 36-5 0'45 186 23 
0 33-9 0-45 180 23 
A 36-8 0-59 165 51 
B 38-8 0'59 252 17 34-3 58-0 
0 38-8 0-60 244 17 
A 37-4 0-45 122 69 
B 41'7 0-45 186 23 
0 39'1 0-45 180 23 

------ -'---'-- ---, --- ---------- ---
5_ B 40-7 0-36 153 28 

} 
9'2 

0 42-4 0-60 244 17 
B 45'9 0-59 252 17 

32-1 60'0 0 34-3 0-35 148 28 
B 38'6 0-36 153 28 
0 38-8 0-60 244 17 

---- --------------- ------ -----, ---
,6. 0 31-1 0-38 153 27 

r 37-2 

10'1 
A 30-4 0-38 104 81 73-3 0 ' '31-1 0-38 ' 153 27 
B 29'0 038 159 27 

------------ ----------------
7. 0 '23-5 0-45 180 23 

I 
9'2 

A 260 0'38 104 81 
C 23-5 0-45 180 23' 
A 22-3 0-59 165 51 
C, 23,-5 0-45 180 23 \ 

B 29-0 ' 0-38 159 27 

I 
38-8 71'3 

C ,,23-5 0'45 ',180 23 
, 

.. 
100·' A 26-0 0'36 

" 

I' 
84 

0 ' 266 ' 0'38: 153 27 
0 31-6 0'53 218 19 
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H.A. Sandiford 227 

loss. The boxes used in the experiments were equally and similarly lagged 
as far as possible. 

EVAPORATION OF WATER 'IN P9UNDS PER HOUR FR~M AND AT 212 0 F. 
; This figure, which represents the boiler output, is obtained by dividing 

the total weight (in. pounds) of water evaporated during an experiment by 
the number of hours that the water boils. The water, having been brought 
to boiling point, is evaporated from a temperature of 2120 F., and the boiler 
being of a non-pressure varietYthe steam is at 2120 F. 

ANALYSIS OF EXPERIMEN'l'AL RESULTS. 

The log of two experiments (Nos. 3 and 7) is given in Appendix I, 
as examples. From the log of each experiment the following have been 
calculated :-

Penetration time per blanket in seconds. 
Volume per blanket in cubic feet. 
Surface area of box per blanket, in square inches. 
Boiler efficiency percentage. 
Evaporation of water per, hour in pounds, from 'and at 2120 F. 

The results, in full, are arranged in Table I, data from which are used 
in compiling other tables in the report. 

A.-BoILER OUTPUT. 

The relations between the amounts of water evaporated, boiler efficiency 
and oil consumptIOn are shown in Graph A, which has been constructed 
from the data given in Table I. This shows that the amount of water 
evaporated does not depend entirely on either boiler efficiency or oil 
consumption. 

As is to be expected, when the boiler efficiency and oil consumption 
rise together, the evaporatIOn of water increases. It is also seen in 
Experiments Nos. 1, 5 and 6 that an increased oil consumption compensates, 
or masks, a diminished boiler efficiency. Incre!Lsing oil consumption with 
diminishing boiler efficiency is, however, uneconomical, and, when the 
burner is consuming the maximum amount of oil for which it is con
structed, diminishing boiler efficiency can no longer be masked. The 
eff~ct of thoroughly cleansing the burner after Experiment No. 2 is well 
shown. 

It is obvious that, unless oil consumption is sufficient, the highest boiler 
efficiency may be i~effective, i.e. a burner of suitable size is required for 
every boiler. 

The amount of water evaporated depends on the combination of the 
two factors, oil consnmption and boiler efficiency; and this is illustrated in 
Graph B, in which water evaporated is plotted against the product obtained 
by multiplying the oil consumption (in pounds per hour) by boiler efficiency. 
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228 "Downward Displacement" Disinfection 
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:-lumber Volume per 
of blanket in 

blankets cubic feet 

---- -----
(1) (2j 

69 0'45 

--------
81 0'38 

-------'-
51 0'59 

23 0'45 

------
27 0'38 

Surface area I 
of box per 
blanket in 
Rq. inches 

-----
(3) 

122 

----
104 

-----
165 

186 

----

H. A. Sandif01'd 

TABLE n. 

Experi· 
Illleot 

No. 

Penetration 
'time per 
blanket 

in seconds 

--------
(4) (5) 

BoxA. 

2 69'6 
3 47'8 } 
3 47'0 
1 330 
4 33'O} 
4 37'4 

------
1 46'6 
7 26'0 
6 30'4 

,---------
3 42'4 
4 38:8 
7 22'3 

Box B. 

2 70'4 
3 47'Ol 
3 47'0) 
1 365 
4 36'5t 
4 41'7 j 

--- -----

Evaporation 
Average of per hour of 
pen~tration water F. & A. 

times 2120F. in lb. 

"X" ").''' 

---- -----
(6) (7) 

69'6 31-1 

47'4 51'4 

33'0 52'6 

35'2 58'0 

----------
4(;'6 52'6 
26'0 71'3 
30'4 73'3 

" ----------
42,4 51'4 
38'8 58'0 
22'3 71'3 

70'4 31'1 

47'0 51'4 

36'5 52'6 

39'1 58'0 

---- -----

"XY" 

-----
(8) 

2,165 ~ 
2,436 

1,739
1 

,2,042) 

-----
2,451 1 
1.854 f' 
2,228[ 

-,---

2,689) 
2,250 f 
1,590 

"189} 2,415 

1,920 

2,268 

-----
159 1 53'3 53'3 52'6 2,904} 

6 29'0 29'0 73'3 2,126 

229 

Average 
of 

,~ XYs" 

------
(9) 

2,095 

-----

2,178 

------
2,176 

2,198 

------

I 

7 29'0 29'0 71 '3 2,068 2,333 

-------------- ---- ---- ----- ----- -----------
17 0-59 I 252 3 53'0 53'0 51'4 2'724} 

4 38'8 38'8 58,0 2,250 2,576 
! 5 45'9 45'9 60'0 2,754 

Box C. 

23 0'45 180 4 33'91 36'5 58'0 
2,

117t 4 39'1 i 
7 

23'5} 1,896 7 23'5 
7 23'0 23'5 71'3 1,676 ) 

7 23'5 
----, ,-, -.. --, -, -, ,----- ----, ----- ---,-,---------------

27 0'38 

17 0-60 

153 

244 

7 
6 
6, 

4 
5 
5 

26'6 
31'1 } 
31-1 

26'6 

31'1 

38-8 

40,6 

71'3 

73'3 
1,897 } 
2,280 

2,250} 
2,436 

2,088 

2,343 
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230 " Downward Displacement " Disinfection 

'B.~PENETRATION TIME' PER BLANKET' IN SECONDS. 

There are severaJ factors operative . during' the experIments' which 
may have affected the penetration time per blanket and would therefore 
influence the outptitof a disinfector. These factats are the hoiler output, 
i.e. the rate of water evaporation per hour, the size andshape of boxes and 
tightness of packing, and in order to evaluate the influence of these factors 
the preceding tables have been constructed. 

'rable II contains the data of Table I, rearranged by boxes, A, B, and C, 
instead of by the numbe'rs of experiments as in )Table 1. 

The observations made with blankets occupying volumes of 0'53 and 
0'36 cubic foot have been omitted from Tabie Il, as their numb,ers are so 
small as to be statistically yalueless. . ~ ,-

It has been possible to average some of the penetration times recorded 
in column 5 of Table Il, and therefore column 6 has been inserted to show 
the average penetration times per blanket, and this column is also denoted 
by" X." 

Column '7, denoted by "Y," shows the rates of water evaporation which 
obtained when the various penetration times were recorded. 

Column 8, denoted by "XY," is the product of the figures in columns 
6 and 7, to the nearest integer. 

Column 9 shows the averages obtained from the various values of 
"XY," as indicated by the brackets. 

The first point for consideration is the effect of the amount of water 
evaporated per hour on the penetration time of a blanket, and for this 
purpose we may, as a preliminary, examine the results obtained in one box 
with blankets occupying the same volume on each occasion. For example, 
the results obtained in Box B with blailkets packed at 0'45 cubic foot, 
extracted from Table Il, are as follows :-

r 

Penetration time Average Evaporation per 

Experiment per blanket in penetration hour of water 
"XY" Average of 

F. & A. 212 0 F. "XY" seconds times in lb. 

---------------.- ----------.ox" "Y" 
2 70'4 70'4 31'1 2,189 
3 47'0 ~ 47'0 

51'4 2,415 1 1 47'0, 51'4 2,415 
~ . 2,198 1 36'5 36'5 52'6 1,920 

J 
4 36'5 } 39'1 

58'0 2,268 
4 41'7 , 58'0 2,268 

The relationship between the above average penetration times and rates 
of water evaporation is shown in Graph C, ' 

It will be noticed that three of the points lie in a straight line, and it 
might be presumed, therefore, that a straight line should unite these points, 
That this is not so, is shown by the following considerations :-

Suppose the points lie along a straight line (shown dotted in the graph) 
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H. A., Sandiford 231' 

then prolongation of the straight line wiUultimately cut the horizontal 
and vertical axes of the graph as shown~ Where the straight line cuts the 
horizontal axis it is implied that, given a sufficient eV!1poration of water, 
the blanket will be penetrated in,O second-this is manifestly iinpossible .. 

. Similarly, where the straight -line cuts the vertical axis, it is implied 
that, given a !?ufficiently long period of time, the blanket will be penetrated 
by 0 pound of steam-again impossible. 

SECS, 

100 

90 

80 

I-
w 
>L 70 z 
« 
..J 

'\0 

!le 60 .., 
Q.. ... 
'" 1= 

z 
I!O 0 

;: 
~ 
I-

30 w z ... 
"-

20 

10 

0 I 

/0 

.- 1-

. - + 
-+ 

GRAPH C. 
BOX e.. 

VOL. PER BLANKET - 0'45 CUB. FT. 
xy- .1198. 

-', 

+ + 

20 00 40 00 60 70 80 90 100 Ibs. 

WATER ~VAPORATEO PER HOUR 

It is apparent, therefore, that the ends of the line should be joined by 
a curve which, however closely it approaches them, never touches either 
of the two axes, and along this curve should lie the points of the graph, or 
allowing fO,r experimental errors, in close proximity to it. 

Such a curve is shown in Graph C, and. this curve is a rectangular 
hyperbola which is the graph of the equation xy = c, where" x" and" y " 
are the co-ordinates of any point on the curve, and" c "is a constant under 
the conditions of the partic'ular experiment. To obtain the value of the 
constant on which the rectangular hyperbola in Graph C is based, the 
products of x mUltiplied by y, obtained in the various experiments, have 
been averaged as shown in the "average of 'XY' column." Graph C is 
based, therefore, on a constant of 2198. It must be noted that the constant 
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232 "Downward Displacement" Disinfection 

so obtained is only an approximation to 'the truth, as errors of observation, 
paucity of observations and statistical errors tend to- invalidate to some 
extent the statistical accuracy of this constant. 

Graph C shows, in so far as Box B with blankets packed at 0'45 cubic
foot each is concerned, that the penetration time per blanket varies inversely 
as the amount of water evaporated, i.e. doubling the latter halves the 
former. . 

Other constants, obtained in a similar manner to that of Graph C, have 
been calculated, and are shown in column 9 of Table Il. 

TABLE lIlo-SHOWING calculated PENETRATION TIMES CORRESPONDING TO VARYING VALUES OF XY, 

,;J 

Evaporation of Calculated penetration times per blanket in seconds_ 
water per hour 

inlb_ 

I (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
XY=1,896 XY=2,08S XY =2,095 XY=2,17ti XY=2,178 XY=2,198 XY =2,333 XY = 2,343 XY1=2,576 

----- --------------- -------------
5 379'2 417'6 

I 
419-0 435-2 435-6 439'6 466'4 468'6 515'2 

10 189-6 208-8 2095 217'6 217'8 219-8 233'2 234-3 257'6 
20 94'8 104'4 104-7 108'8 108-9 109-9 116'6 117'1 128'8 
30 63'2 69'6 69'8 72-5 72-6 73'3 77'7 78'1 
40 47'4 52'2 52-4 - 54-4 54-4 54-9 58'3 58-5 
50 37'9 41-8 41'9 43-5 43-6 43-9 46'7 46'9 
60 31-6 34'8 34-9 36'3 36-3 36-6 38'8 39-0 
70 27-1 29-8 29'9 31-1 31'1 31'4 33-3 33'4 
80 23'7 26-1 26-2 27-2 27-2 27'5 29-'1 29-2 
90 21'1 23-2 23-3 24'2 24-2 24-4 25'9 26'0 

100 19'0 20'9 20-9 21'8 21'8 22'0 23'3 23-4 
120 15-8 17'4 17'5 18'1 18'1 18-3 U)-4 19'5 
150 12'6 13'9 14'0 14'5 14'5 14'7 15'5 15'6 
Box: C C A A A B B C 

Vol. per blanket 0'45 0'38 0'45 0-59 0'38 0'45 0-38 0'60 
in cubic feet 

Surface area of i80 153 122 165 104 186 159 244 
box: per blanket 
in sq. inches 

I 

In Table III the constants, from column 9 of Table Il, have been divided 
by standard rates of water evaporation, from 5 to 150 pounds per hour. 

The calculated penetration times, so obtained, are now in a form to 
permit of comparison, and are derived from constants, which- themselves 
are based on the experimental observations made under the various 
condItions prevailing in Boxes A, B, and C. 

(To be continued.) 
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