Surviving the sauna
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uman beingsare not madefor livingin a90°Cenvironment.
Andyet thisisthe temperaturein the average sauna. How
do we copewith such harsh conditions?

Firgt, weuseatowe tosit on, or we touchwood. Touching metal
at that temperatureis no fun at all. Even the glass door feds hot,
dthoughitsthermal conductivityisfar belowthat of metds, andits
temperatureis only about 60°C, hafway betweenin and outside
temperature. Second,theair isdry,which enhances cooling by per-
spiration. Incidentally, the dry air comes for free: Due to the
steepnessof thewater vapour pressurecurve, evenif theoutsidear
at, say, 20 degreesis 100 % humid, the humidity dropsto 3 % once
thear isheated to 90°C.If it freezesoutside, that would
evendrop to 1%, provided that no water is added.

How fast would our body hest up, if we neg-
lect perspiration? Let's do a back-of-the-
envelope calculation. First the conduction
term. Sincethe effectiveair layer surrounding our
body can be assumed to be around 3 mm thick,
assuming abody surfaceareaof 1.7 m* and atem-
perature differenceof 50K, we find some 700W.
Likewise theradiation term yields about 800W. So,
conduction and radiation are roughly equally
important, just likein normal circumstances. The
differenceisthat they are reversedin the sauna.
And they are an order of magnitude larger, due
to thelarger temperaturedifference and the fact
that we have ..eh... adapted our clothing. So
the total heat load on our body is 1,5 kW,
which correspondsto the power of an elec-
tricheater! Tdl peoplesuffer extra,inview of %
the vertical temperaturegradient.
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How fast will our body start to heat up?Taking afar estimate
for the heat capacity of our body of 200 kJ/K, wefindahegting rate
of 0.5K per minute- aslong as perspiration is negligible.

Thisis asure way to disaster. So after afew minutesthesweet-
ing should begin. And it does, fortunately, even beforewe notice
that our skin getswet. Kegping up with the 1,5 kW heat load by
sheer swesting would require2.2 liter per hour. Our body will not
be ableto evaporatethat much without forced air circulation.

Being physcigts, we surdy want to do asmall experiment. Why
not put some water on the stove, and see what happens?This
makes usfed even hotter, and the questioniswhy. Hereis an edu-

cated guess. At least four contributionscan be

identified. First, the 100°C steam coming
off the stoveis somewhat hotter than
the saunaair. Second,it causesforced

D convection,which will heat our body

:ﬂ » even more, particularly if our skinis
N still dry. Third, the humidity goes up,

\ which makes perspiration more difficult.
Andfourth.thethermal conductivityof water
vapour isdightly higher than that of dry air,
sincewater moleculesare abit lighter (and

thereforefaster) than N, or O,. Which of
those contributionsis the dominant one
may be somethingto sort out nexttimewe
arein thesauna. After al, thereistime
enough to do some cal culations and
experiments.
: But don't forget to keep an eye
onthehourglass.. . =
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