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BY THE LATE p. J. H. UNNA 

HOUGH easy, and more especially quick, cooking is essential for 
mountaineering, there seems to be scarcely any literature on the 
subject; so it may be useful to record certain tests of the fuels 

ava11able. Ideal fuels are those which are totally immersed in the 
water, for then all the heat can be used effectively, but the usual method 
is to boil over an npen flame, and that is what will be considered here. 
1,he experiments were made a good many years ago, partly for the 
earlier Everest expeditions, but they should hold good to-day ; though 
it is possible that improvements in design of burner may now give 
somewhat better results with lVleta. 

The ordinary fuels are paraffin, petrol, methylated spirit, and Meta ; 
and weight for weight a pound of paraffin or petrol_gives out much more 
heat than a pound of methylated or Meta. Therefore the first two are 
preferable, although they entail rather heavier apparatus, unless only 
quite small quantities of fuel are required. But, apart from the weight 
question, they enable cooking to be done more quickly, especially high 
up. On the other hand, 1\tleta being solid is easier to handle ; but 
methylated is almost entirely out of court, as it is neither solid nor 
efficient. Other considerations are that Meta is expensive ; and that 
if a Primus is to be used it is essential that every member of the party 
can be relied upon to handle it properly, even if it is to be used merely 
with paraffin, and not with petrol. 

1'he heating value, or so-called' calorific 'value, of a fuel is reckoned 
in British Thermal Units per pound of fuel, one unit quantity of heat, 
that is one B.T.U., being the amount of heat required to raise the 
temperature of I lb. of vv·ater I° F.; and the number of B.T.U.'s 
given out by a pound of fuel are paraffin 19,7oo, petrol I8,450, Meta 
1 i ,Joo, methylated 9,goo. But much of this heat is wasted in actual 
use ; so only a quite rough estimate can be made of the amount of fuel 
likely to be required, and that estimate must be based on liberal lines. 

·To apply these figures: if no heat is wasted, 212-60, say 150 B.T.U.'s, 
should bring I lb. of water from 6o° F. t.o the boil at sea level ; and 
about 140 B.T.U.'s would melt a pound of dry snow. Incidentally, 
this shows the importance of using v.~et snow, if it is available. Further, 
a pint of water weighs 1! Jb. ; so a pint of boiling water theoretically 
calls for about 200 B.T .U .'sat sea level. And it will be much the same 
higher up, for although the boiling point is lower, the water will prob
ably be colder to start with. If dry snow has to be used, the figure 
may be increased to at least 400. 

1 ·he next point to decide is how much-of the heat produced by the 
fuel actually passes to the water or snow. Indoor tests were made with 
water not snow at sea level, at about 7,ooo ft., at about 1 I,ooo ft . 
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(Bertol hut), and at I5,ooo ft. (Margherita hut). Petrol was burnt in 
a ' petrol ' Primus, methylated in Falk Stadelmann's Ideal burner·
the type with a concealed cylindrical wick, and M eta in a M eta Corn- . 
pany's burner, 25 grams (o·oss lb.) of fuel being used in each case. 
The cooker was the Meta Company's I927 pattern, with pans of I~ litre 
capacity ; and it was adapted to take the ' petrol ' Primus, which 
requires extra headroom, by inserting an extension piece between the 
two parts of the windscreen. The efficiencies the percentages of 
total heat actually used were, at these levels, independent of altitu<;le, 
and they worked out at 63! % for petrol, 66! % for methylated, and 
56! o/0 for Meta. 

This shows that the B.T.U. figures must be increased by at least 
50 o/c>, that is from 200 and 400 to 300 and 6oo before any allo,:vance 
is made for camp conditions, extra fuel being used for warming up 
solid food, accidental wastage and general contingencies, to provide 
for which it would be wise to increase them to 6oo and I,zoo. This 
gives a rough rule that at least I lb. of petrol or paraffin should be 
allowed for every I5 pints, and I lb. of Meta or methylated, for every 
10 pints, of boiling water to be produced from dry snow. 

Petrol v. paraffin. For a quite small party, the ' petrol' Primus will 
suffice, and it is not intended to ·work with paraffin. It only weighs 

~ about 9 or 10 oz. Larger parties, according to their size, will require 
a .'pocket' (patt ~ No. g6) or a ' portable' (patt. No. 2IO) Primus, 
primarily intended for paraffin, but usable with petrol. Neat petrol 
was used on the Mt. Foraker expedition, and one part of petrol to two 
of paraffin on at least one of the Everest ones. The advantage in using 
petrol is that it is a cleaner fuel, and with it the nipple of the Primus 
burner does not get so easily choked. It is advisable that the funnel 
for filling the container should be fitted with a strainer to obviate 
choking of the jet, at all events with paraffin. On the other hand, to 
use petrol safely requires more care, because a paraffin apparatus is not 
fitted with a shut-off valve. The latter can only be extinguished by 
releasing the pressure, which would still be charged with petrol vapour. 

Rate of heating. Perhaps speed in heating is the most important 
factor of all, and the larger types of Primus naturally work at higher 
speed. Further, with all types, the rate at which heat is given out is 
independent of altitude, being merely dependent on container pressure ; 
though at very high altitudes the percentage of heat actually used, and 
therefore the rate of heating the water, may be somewhat reduced 
owing to attenuation of the flame see below. But if the fuel is not 
supplied under pressure, the rate of burning, and so of heating, may 
be greatly affected by altitude ; and that for Meta, though not of 
methylated, up to. IS,OOO ft., is so affected. 

To explain what happens, if a tablet of Meta is allowed to lie on a 
flat surface not in a M eta burner it takes a shade over 5 minutes to burn 
out at sea level ; and up to I 5 ,ooo ft. the time is increased by I o seconds 
for every inch fall in the barometer, and so to 7 minutes. But Meta has 
to be used in a proper burner, to avoid deposit of soot, and the burner 
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decreases the rate of burning 1 especially at altitude. In fact, tests 
show that this decrease becomes large after the I I ,ooo ft. level has been 
passed ; though, no doubt, this could be cured to some extent with a 
special burner admitting air more easily to the fuel. 'ro give an 
example, the times six tablets, i.e. 25 grams, of Meta took to burn at o, 

f 1 1 1 0 0 1· 7,ooo, II,ooo, I5,ooo t., were Io2 , 122 , 14, 192 mtnutes respecttve y, 
and it took the first 9!, Io!, II!, 15! minutes of these periods to 
deliver 140 B.T.U.'s to the water. 

The ' petrol' Primus has no pump, the container pressure. being 
attained by its getting hot. It is, therefore, a slow starter, so that the 
water only gets 38 B.T.U.'s in the first 5 minutes, and an additional 
92 during the next five. So while it functions better than Meta during 
the first IO minutes at 15.,000 ft., there is nothing much to choose 
between the two lower down; but 25 grams of petrol will last __ for at 
least another 5 m~nutes, during which the stove operates at full rate, 
delivering 25 B.T.U.'s a minute to the water. And as the container 
will take 55 grams, this type of Primus does better than Meta at all 
levels when large quantities of boiling water are required, or when 
snow has to be melted to obtain smaller quantities. The larger types 
of Primus, obviously much more powerful, were not tested., but the 
makers state that the ' portable ' and ' pocket ' types will bring a quart 
pf water to the boil in 4 and 7 minutes respectively. This compares 
with 23 minutes for Meta at sea level, with the 1927 cooker. 

With 25 grams of methylated, I40 B.T.U.'s were obtained in 8!, g!, 
Io!, Io! minutes, altitude not having so much affect as with Meta. 
In fact, the fuel burnt out in I 3 minutes at all levels, except at sea level, 
where the time was 12 minutes. 

When 12 tablets of Meta were put into the burner to start with, the 
rate of heating was increased by about 20 o/0 at sea level, but was 
unaffected at 7 ,ooo ft., where deficient air supply must have been the 
controlling factor. 

Effect of wind. As the Meta Company's cooker is designed for 
working in a wind, ~.swell as in calm air, sea level tests were made with 
a I2-in. electric fan, directed so as to give uniform draught over the 
whole of the windscreen. The test conditions were, however, more 
severe than those with which the cooker is designed to deal, as the 
draught was just strong enough to make lighting up impossible unless 
done before starting up the fan. The results showed that the 25 gr~ms 
of fuel did about 3 o % less heating ; and that, except with M eta, fo,r 
whic.h the rate was unaffected, it did it more slowly. So if the wind is 
not too strong for lighting up out of doors, the cooker should work 
effectively with Meta, and in practice it does so. The perforated side 
of the windscreen has to be set to windward ; and although this has 
not actually been tried out, it is probable that the increased draught so 
obtained makes good the air supply at altitude, which is deficient when 
there is no wind. 

Ceiling heights. The ' petrol' Primus gives a flame which is blue 
at, sea level, but bright green at 1s,ooo ft. As this might be a sign that 
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the ceiling height was near, Rickmers was asked to try one out on his 
Altai expedition ; and he reported that while the stove still functioned 
at 17 ,ooo ft., there were signs that it would probably give out a little 
higher up. · 

And as one of the reasons why Kellas failed to climb l{amet was 
that his Primus, presumably with a roarer burner, failed at slightly 
over zo,ooo ft., Farrar asked Mr. G. M. B. Dobson to make tests in 
Prof. Dreyer's low pressure chamber at Oxford ; and it was found 
that-

( a) The roarer burner gave out at the equivalent pressure of 22,000 ft. 
altitude. 

(b) The silent one did so at z6,ooo ft. 
(c) By enlarging the holes in the cylindrical part of the vaporiser as 

mu~h as possible without destroying the continuity of the metal, 
the air supply was so improved that the ceiling of the silent 
burner was raised to 3 5 ,ooo ft. 1 

Mr. Dobson did his tests by lighting the stoves, and then placing 
them in the chamber, the container pressure being controlled from · 
outside, after the chamber had been pumped out. But Professor G. I. 
Finch was not satisfied with this, and took an unlighted stove into the 
chamber, and started it up at slightly over 2o,ooo ft., but found that 
pumping up was unduly laborious. This further difficulty calls for 
detailed explanation. 

The safe pressure in the container of a Primus is limited to 8 atmo
spheres, but there is no safety valve . Nevertheless the pressure can 
never become excessive, owing to the way in which the pump is de
signed. The piston does not sweep the whole of the pump cylinder, 
quite a large clearance space being left ; and the pressure in the cylinder 
has to exceed that in the container by about I! atmospheres the excess 
is difficult to measure precisely before the spring controlled delivery 
valve is opened. The result is that as the limiting safe pressure is 
approached, the valve fails to open, and further pumping becomes 
ineffective. That happens at sea level, but high up, where air is sucked 
into the pump at !, or even at ! atmosphere, pumping becomes in
effective at too early a stage. The remedy is to remove the piston, 
which is merely a thin disc, and substitute one specially shaped to 

· fill the clearance space as fully as possible. Then pumping becomes 
reasonably easy, but too easy low down, where the modified plunger 
must be used with due discretion; and must only be given quite a few 
strokes. 

The _flame at altitude, whether with Meta or the Primus, becomes 
much attenuated owing to scarcity of oxygen, and is therefore much 
taller ; so much so that near the 3 5 ,ooo ft. limit the Prim us flame throws 
off small clouds of partially burnt gas, which wander upwards, and look 
as if they were seeking more oxygen V\tith which to burn themselves out. 

1 The Primus manufacturers now supply a modified silent burner which will 
operate efficiently at very high altitudes. · 

• 
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This at once explains what. Dobson· did. Both kinds of burner give 
out when the oxygen supply becomes insufficient to ignite the gas 
before it reaches the top of the vaporiser, so that the flame ceases to 
keep the vaporiser hot. By increasing the air supply he caused com
bustion to start lower down. 

· For efficient working the taJler flame calls for greater height between 
burner and the underside of the pan in the large cooker, with 3 litre 
pan, which the· M eta Company made for Everest purposes, this height 
was adjustable. In fact, it is conceivable that without some such 
precaution the M eta flame might be entirely smothered. And although 
no rate of boiling test seems to have been made with any fuel above 
15 ,ooo ft., it is almost certain that not only the rate, but also the efficiency 
of the fuel, must be consider~bly lower higher up, owing to attenuation 
of the flame. In fact, the correct design of cooker for really high alti
tudes has still to be settled by means of low pressure chamber experi
ments. Incidentally, the 3 litre Meta cooker was modified in London 
before being sent out to India, so that it could be used with a portable 
Primus as well as with a Meta burner. 

Carrying the fuel. Meta in contact with aluminium causes corrosion; 
and it is said that if it is carried inside a cooker it may even perforate 
the pan. 

As altitude is gained, the pressure outside cans of liquid fuel becomes 
·less than that inside, so that there is a tendency towards leakage. That 
is why a rucksack smells of the fuel when one is going uphill. To 
obviate leakage, or risk of leakage, stoppers should be temporarily 
released at frequent intervals, whether the rate of ascent is fast or slow, 
so that the pressures may be kept more or less balanced. 

Melting snow. Water vapour is one of the products of combustion, 
and when it strikes the underside of a cold pan, especially when the pan 
is cold with snow, it immediately condenses. Then, if the water drips 
down on to the burner, it interferes with combustion ; so much so 
that if one stands a cooker, at all events a Meta cooker, on a table, and 
starts to melt snow, the flame is almost immediately extinguished. 
One remedy is said to be to put only a little snow in the pan to 
start with, so as to get a layer of warm water before the rest of the 
snow is added ; but an alternative one, simpler and completely 
effective, is to tilt the cooker, so that the water drips off clear of the 
burner. As soon as a little of the snow h~s melted, there is a layer 
of quite warm water on the bottom of th.e pan, and then the troub]e 
ceases. 

Leaky container . . If a Primus is used continuously for a long time, 
the container is liable to get too hot, and should be kept cool by wrap
ping a wet rag round it ; but if it should start to leak, it can be easily 
repaired if a second stove is available. There is an excess of solder 
inside, and if this solder is melted, and the container is tilted so that 
it is directed towards the leak, and then allowed to cool, the leak may 
be stopped. 

Carbon monox£de is another product of. combustion, but at low levels . . 
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each molecule, as soon as it is formed, is almost instantly converted 
into carbon dioxide, as it easily finds a second atom of oxygen. This 
process is slower at altitude, as is evidenced by attenuation of the flame, 
and there is no guarantee that it will actually be completed. Therefore 
ample ventilation is desirable when cooking in a tent, and this is 
especially so because people are more susceptible to carbon monoxide 
poisoning at high altitudes . 
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