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THE EFFICIENCY OF CHARCOAL COOLERS FOR 
HOLDING CREAM ON FARMS. 

By F. G. FEW, B.Sc., B.Sc.App., Dairy Technologist, Dairy Research Laboratory, .. 

Division of Dairying. 

INTRODUCTION. 

For some considerable time charcoal coolers have been used· for the 
holding of cream on dairy farms in the V\Tovmn district, :\·Vhich is situated 
south-west of Rockhampto,n. Investigations were conducted during February 
and March, 1945, for the purpose of ascertainin:g' the requirements· in design 
and construction, the procedure needed for most efficient operation, and tJ1e 
possibility of extending the area of profitable use of such coolers. As a result 
o~, the investigations it has been possible , (Few, 1945 )__to. indicate to farrners 
the rang·e of usefulness of charcoal coolers, details of their design and construc­
tion, and particulars regarding their use. The purpose of this paper is to 
present and discuss the data secured. 

SCOPE OF THE INVESTIGATIONS. 

'I1he investigations were carried out in three series, dealing respectively 
with (1) the efficiency of cooling in a standard type of cooler; (2) the effect of 
a flue vent on the efficiency of cooling; and, ( 3) check tests on coolers in use 
on farms. 

EFFICIENCY OF COOLING IN A STANDARD-TYPE COOLER. 

The observations on cooling. in a. standard-type cooler were carried out 
over a 24-hour period in late February. The weather vrns fine, ·with the day­
time temperatures ,normal and the night temperatures slightly below the average 
for late summer. The humidity during the daytime was above the average, 
because of a fall of two inches orra1nt\,ro-·aays previously, and conseque,ntly 
the degree of cooling possible under normal conditions of humidity would not 
be lower than that secured on the testing day. 

Technique. 

Immediately following the separation of the cream after the morning 
milking of the herd, a can of cream was placed in tl;e cabinet of the test cooler, 
and it was held there for 24 hours. A control can of water was held during the 
same period in the dairy house in which the cream would normally be kept if 
no charcoal cooler were available. Water was used in the control can because 
there was insufficient cream for the purpose, but it is considered that the 
difference in behaviour between cream and water would not be large enoug:h 
to vitiate the validity of the ccnnp~risons made. 
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Atmospheric shade temperature readings were ·made in the farmhouse, 
situated .about 50 feet from the cooler, and in the dairy house located about 
220 feet from the farmhouse. The thernmmeters used were .checked to read 
to 1 deg. F. .An hygrometer checked to within 1 per cent. was exposed in a 
shaded position at the farmhouse, and some readings of an hygrometer placed 
in the cool chamber were also secured. Relative humidity was determined by· 
the use of modern Carrier psychrometric charts. 

Discuss,ion of Data. 

The data obtained are recorded in Table ri· and are sl10-vvn m graphica:l 
form in Figure 1. 

Table 1. 

DATA ON THE EFFICIENCY OF COOLING. 

Atmospheric. Dairy 
Cooler Shade Cocler Cream Tempera-

Time. Tempera- Cabinet Tempera- ture of Cabinet 
Shade Relative vVet-bulb tme. Temp em- ture. Can in Relativ~ 

Tempera- Humidity. Tempera- (Near ture. Dairy. Humidit0· 
ture. ture. Can.) ;t 

----------------

OF. Per cent. OF. OF. OF. OF. OF. Per cen;t. 
9.00 a.m. . . 81 62 70·8 78 71 85 83 .. 
9.30 a.m. . . 83 59 71·6 80 71 84 82 .. : 

10.00 a .. m. . . 85 56 72·4 84 70 83 82 .. 
10.30 a.m. . . 86 54 73·0 86 70 82 82 .. 
11.00 a.m. .. 88 50 73·2 89 70 80 83 84 
11.30 a.m. .. 88 48 72·4 91 70 80 83 86 
12 noon . . .. 89 48 73·2 91 70 79 83 88 
12.30 p.m. .. 90 47 73·5 91 73 79 84 . . I, 

1.00 p.m. .. 93 48 75 .. (:f 91 73 78 84 86 
1,30 p.m. .. 92·5 45 .75·0 92 73 78 85 88 
2 .. 00 p.m. .. 92·5 44 74·3 92 72 78 86 91 
2.$0 p.m. .. 92 44 74·0 94 72 78 86 90 
3.00 p.rn. .. 90 44 72·5 90 73 77 87 92 
5.30 p.m. .. 89·5 43 71-7 90 70 75 84 96 
8.00 p.m. 78 64 69·0 79 71 75 82 I .. . . 
7.00 a.m. .. 70 90 68·0 74 70 74 72·5 80 I 

9.00 a.m. .. 80 75 73·6 85 70 74 I 74 82 

The temperature-time line .A in ] 1igure 1 shows the ·varjation in the 
-vvet-bulb temperature· over the 24-hour period; the highest value is 76.6 deg. F. 
at 1.00 p.m. and the lowest 68.0 deg. F. at 7.00 a.m. Thjs line represents tlie 
maximum degree of cooling theoretically possible by the adiabatic ·evaporation 
of \yater from a vvet.ted surface into the surrounding atmosphere. · 

\ The temperature-time line J? shows the temperatures within': the cabinet 
durii\g· the 24-hour period. When considered in relation to line A it may be 
regiarded· as the efficie;ncy line for the cooler, as it shows the relationsl1ip. betwe~n. 
the actual temperatuire realized and the existing wet-bulb i frnperature. In 
examining the two· lines, however, it must be realized that small temperatul.·e 

·- difE~rences are not significant, due to personal errors in reading the instruments 
and to the fact that the thermometer error is + 1 deg. F., anclthat there is 
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also a possible error of 1 per cent. in humidity values. 'rlie temperature 
remained quite constant within the cabinet till 12.30 p.m., wihen it suddenly 
rose 3.0 deg. F. During this time the -vvet-hulb temperature had gradually 
risen for the most part until at 12.30 p.m. it was practically the same as the 
cooler temperature. 
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Figme 1. Showing tempera.tme lines l'elevant to determination of efficiency of cooling. 
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The practice on the farm on which the work was conducted was to water 
the charcoal early in the morning and again at midday, and the second watering 
was given immediately aftr recording the noon readings. During the three 
hours from 9.00 a.m. to noon the charcoal was relatively dry; its insulating 
effect is apparent, as the cabinet maintained the vrnt-bulb temperature 
corresponding to atmospheric conditions existing at the time of the early 
morning watering. Between noon and 12.30 p.m., the \vet-bulb temperature was 
slig·htly over 73.0 deg. F., and this accounts for the sudden rise of 3.0 deg. F. 
in the cooler temperature following the impairment of the insulating effect of 
the charcoal by the midday watering. The conclusion to be drawn from the 
data is that the charcoal has a definite insulating value, enabling· the retention 
of a 1uniform temperature despite possible fluctuations in 'lvet-bulb readings. 
As the lowest wet-bulb temperature usually occurs during the night or early 
in the morning, it is most practicable to water thoroughly at such times and to 
refrain from further watering during the day. This can be taken as a general 
rule applicable to the average charcoal cooler. In cases 'lvhere poor design 
results in relatively inefficient insulation, the temperature may rise during the 
day, and in such cases watering may be necessary to reduce the cabinet to 
the existing wet-bulb temperatuxe. The insulating value of a well-constructed 
cooler is also apparently realized very shortly after watering, as the tempera­
ture of 73.0 deg. F. in the cooler was maintained despite the rise in the wet­
bulb reading to 76.6 deg. F. at 1.00 p.m. Betwee;n 5.30 p.m. and 8.00 p.m. the 
two lines cross on the graph, showing that, due to a similar insulating effect, 
the cabinet did not fall to the wet-bulb temperature. From the sanitary 
viewpoint it is lilrnwise considered inadvisable to open up the cabinet or remove 
the cream from the cooler overnight. The atmospheric temperature during 
the night may fall below the evening cooler temperature, but the time lag in 
cooling a can of cream is so great that the value of removing the cream cans 
is niore' apparent than real. During the nig,ht of the tests the atmospheric 
temperature fell to 60.0 deg. F. (as determined by a minimum temperature 
thermometer), but the control can i~ the dairy house was down to only 
72.5 deg. F. by 7.00 a.m. The atmospheric temperature of 60.0 deg. F. is not 
recorded on the shade temperature line, as no direct readings \vere made between 
8.00 p.m. and 7.00 a.m. 

The temperature-time line C shows the shade temperature at all times 
when readings were made, and when compared with line B indicates the degree 
of cooling obtained in the cooler. The maximum difference between atmospheric 
and cooler temperatures is 20.5 deg. F. at 2.00 p.m. ..A.tmospheric shade 
temperature readings are of special significance only when taken in conjunction 
with relative humidities, the wet-bulb temperature being the important value. 
As a consideration of lines A and B has shm;m that, allovving for temperature 
lags due to insulation, wet-b1ulb temperatures are attained in charcoal coolers, 
it follows that charcoal coolers will be effective in any locality where the shade 
temperatu:res and relative humidity are such that the \vet-bulb temperature 
does not exceed 70.0 deg. F. 
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The temperature-time line D shm"is: the _pro:gressive:coolin~ ot tlie' cream 
can placed in the cooler at 9.00 a.rn .. followiI1g separation<afJ.er Jthe n1orning 
milking. The most obvious and important feature is the slowness of cooling: 
at no time during the 24 hours .was the cream temperature down to the desired 
level of 70.0 deg. F. After 11 hours in the cooler the cream. ten1perature foH 
by 10.0 deg. F., 'ivith a _further 5.0 deg. F .. possible. Thereafter the rate rof 
fall is insignificant, and this occuTs when the temperature· diffeTence is no 
greater than 5.0 deg. F. The cream was stirred on each occasion befoTe the 
temperature was taken, and this would be likely to increase the rate of _cooling: 
Ordinarily· the cream is stirred only once OT twice dm'ing .the day to :_allo\:\i:; any 
accumulation of gas to escape, and it can be assumed that: under su:ch _conditions 
the cTeam Temains at too high a ten1perature for _a. lengthy .period .after first 
being placed in the cooler cabinet. A suitable method for initial cream cooling 
is therefoTe requiTed if cream quality is to be sa~isfactorily preseTved: in :the 
cooler. 

rrlie tempeTature-time line E shows the lag in heating of the cail) stored 
in the daiTy house and- also the failure of -the can to responcl i~eadily 'to~a ·raff iii 
atmospheTic temperature. The line does, hff\vever, run roughly parallel \vith 
the shade temperature line, the lag in -heating and in cooling· :being app'arentl 
It will be noted that the point at which cooliilg commences is · theoretica11Y 
impossible, as at that time the shade ten1peratnre is actually 3·0 deg. F. ·above 
the temperature of the water in the can. This effect is due to evaporative Cooling· 
of the water in the can itself, the can being kept with the lid off, follow~Ji'g the 
usual practice with cream on the farm. The relative cooling of the can · ii1 the 
cooler ·with respect to that ii1 the dairy ·would thus he greater if cream had beeii 
used in the control can, '"rhile the early fall in temperature of the can of water 
follows the fall in the wet-bulb temperature, which becomes qu:ite definite aftei' 
1·00 p.m. 

A comparison of lines D ancl E shmvs clearly the degTee of cooling that 
can be expected by the use of charcoal coolers even if the cream is not· cooled 
before being· placed in the cabinet. Over the second day of cream holding, whe11 
such is necessary, the value of the cooler wo11ld obviously be greater, as little 
variation in ci'eam temperature would occur after ~he first 12 to 24 hours of 
storage. 

EFFECT OF A FLUE VENT ON THE EFFICIENCY OF CO_OLING. 

A test was carried out with the main object of dete11mining if the flue 
vent as ordinarily fitted to charcoal coolers is necessary. The need· for suCTh a. 
vent vrns a inatter of doubt, as the cooler air within the- chambeT is denser than 
that .·normally outside, and as a result there would be no tendency for a move·-
1nent of this air from the cabinet through the flue. It was also cGmrn.nnly 
suggested that the higher the flue the better the results. This is' obviously 
fallacious, as, even with a furnace chimney, there is an ·economic height, and a 
loss in efficiency and draught results if the height 'is ~ithei' increased 01' &~reased. 
Thus, although the· necessity for a flue in charcoal coolers ·was doubted, it wits 
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decide~ that if thi~. deduction ·was incorrect it should be possible to determine 
an eco11J.oniic flue height to aGhieve the: maximum~degree of coolingjn the cabinet. 

Technique .. 

. ~n vimv .of the deductions from the experiment oi1 the efficiency of cooling, 
the ch4rcoal vvas wiitered early in the morning and vrns not further treated until 
after uhe last :readings had been taken on the following· morning. The cooler 
emploted .was the one used in the investigation just reported. The inside cabinet 
was substantiaiiy air-tight except for the two charcoal sides ~nd the flue situated 
at the top of the back wall of the cabinet. The flue 1,;vas of galva,nized iron, ·with 
the jo:ih1tssold:ered, and was 20 foet high and 4 inches in diameter. The flue 
was c6mpletely blocked at 7 .oo a.m; to prevent any air circulation, and 
observations v·;r~re made over the e1rnJiing period of 26 hours. 

Table 2. 

DA'l'.LON T:I;IJ3:_..E_Rll'ECT_oK .. A .FLIIE.VENT.-ON crHE .. EFFLCIENCY oF CooLINc+. 

'l'ime. 

Atmospheric. 
'-------'----------~' Cooler Cabinet. 

7.00 a.m. 
9.00 a.m;· 

12 noon 

Shade Relative Wet-bulb' 
... ~T6mpemture~ .,,. Rum.idity,-- --l'emJlerature: 

OF. 
70 

Per cent. 
90 68·0 

;;-~~-·-so··-----·-· 75-- -- - --73.5 

91 50 75·7 
2.00 p.m. 97. 45 73·9 
5.00 p.in.. ___. . ____ ._._ ~-- !2l? 48 

69 
__ 10·8. 

74·4 

Temperature. 

; 70 
'73 
74 
73 
72 

Cooler Cabinet 
Relative 

Humidity. 

Per cent. 
80 
82 

over 100 
over 100 

9.00 ·r· .. . 82·5 

· Discussion_ of_ Data. 

/~i1~~at~-given in Table 2 show that the cooler cabi-1~et r~mained at the 
wet-bu\lb temperature, except that the. insulating· effect pre-\~entQd a rise when 
the ·w1t-bul-b-temperature i:ose; and -a- -fall --with -t-he- lmvering 0£ that reading'. 

Althol}gh ·.obse.I.'vat.ions were not continued over a. long· period or• under various 
atmosgheric conditions, it appears reasonable to assume that a direct draught, 
if sue~ could 'be l)roduced by a flue, is actually unpecessary to~ enable cabinet 
tempe:falui'es· to b-e redl1cea fo t.he-wet-1frilli -readilig\ A -point considered to be 
of sig*ificance is the rise of 3·0 deg. F. in cabine

1

t temperature ~hown at noon. 
A bre~kdovm in the insulation value of the charcoal seems the. most likely 
explaii0 tiQ!lJ_ {tl thcrngh •this .was 1.1Qt_fl,s _139111121-ete _as. the _breakdown in the previous 
experi~1ient, when the eharcoal vvas thoroughly wetted at the same time. The 
cabinet humidity was over 100 per cent. at noon, showing that the air within 
actuallY contained water droplets in suspension in addition to being saturated 
with vvater vapour in the gaseous form.: The insulating· value of a relatively dry 
mediuin woul~ undoubtedly be impa~red by the presence of air in such a 
condit~qn, and, this is considered to be t:he reason for the t 1emperature rise. That 
it cou]d iiot b~ due to lack of insulatio11 of the charcoal itself is shown from the 
previoµs ~He~~iment~ a11d also from ·tJ1k fact that '0.espite the rise of 3·0 deg. F. 



Farm. Date. 

W. J. Thomas, Walmul. . 27-2-45 

E. Harris, W owan .. 27-2-45 

V. Kearney, Deeford .. 1-3-45 

L. M. Holbing, Deeford .. 1-3-45 

Table 3. 

DAT.A OBTAINED FROM v ARIOUS FARM CHARCOAL COOLERS. 

Atmospheric. Cooler Cabinet. 

Time. 
Shade Wet-bulb 

Remarks. 

Tempera- Relative Tempera- Tempera- Relative 
ture. Humidity. ture. ture. Humidity. 

OF. Per Cent. OF. OF. Per Cent. 
10.30 a.m. 89 65 78·9 79 74 Humidity higher than usual due to rain falling on 

previous day. Flue on cooler 2 in. diam. ; 
11.00a.m. 89 61 77·8 78 92 8 ft. high. Charcoal watered immediately after 

10.30 a.m. readings. Cooler situated in shed 
with sloping roof. 

12.15p.m. 93 60 81·3 78 84 Charcoal watered during early part of morning. 
Flue on cooler 4 in. diam. ; 20 ft. high. Cooler 

2.30p.m. 95 54 80·6 77 100 situated in open. 

2.55 p.m. 90 50 74·8 86 . . Cooler not used for some time. Flue on cooler 
5 in. diam.; 13 ft. high. Cooler situated in 

3.10 p.m. 90 50 74·8 75 .. shed. Charcoal watered immediately after 
2.55 p.m. readings. 

4.15 p.m. 87·5 54 74·3 72·5 .. Cooler situated in shed. Flue 3 in. diam ; 15 ft . 
high. 
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in temperature the cabinet is still significantly below the existing ''ret-bulb 
temperature. rrl1e use of a vent does prevent the air in the cabinet from exceed­
ing 100 per cent. relative humidity, as the fig·ures from the previous experiment 
indicate. This is true despite the thorough watering of the charcoal at noon> 
after ·which time the humidity within the cooler cabinet rose gradually, but did 
not reach the 100 per cent. level. It can thus be considered sound practice to 
include a vent in the design of charcoal coolers, not for actual cooling purposes 
but to avoid excessive humidities likely to impair the insulation of the unit. 
From the point of vie\\T of hygiene it is likewise considered desirable. No flue 
pipe is really necessary, but the provision of a pipe two or three feet in length 
is desirable in order that water -vvill not be poured into the cabinet through the 
vent chuing charcoal 'vetting operations. 

CHECK TESTS ON FARM COOLERS. 
Check tests were made on a number of charcoal coolers in the district, 

and the results confirm the validity of the general conclusions reached. The 
cooler used for the experiments so far described was included in these trialsr 
and the data for all coolers are given in Table 3 . 

.Allowing for the insulating effect of the charcoal surrounding the cooler 
cabinet, the temperatures in all cases are substantially the same as the wet-bulb 
readings. In the case of the one cooler not being used, the wet-bulb temperature 
,vas attained 'vithin 15 minutes after thoroughly wetting the charcoal, despite 
the fact that th.is involved a reduction of 11 deg. F. in temperature. The location 
of the coolers is unimportant, since those situated in the open showed the same 
degree of cooling as the shaded coolers. 
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