
The human engine:
How to keep it cool
L.f.P. Hermans, Leiden University, The Netherlands

W e don't usually think of ourselves in that way, but each of
us is an engine, running on sustainable energy. It differs

from ordinary engines in more than just the fuel. The human
engine cannot be shut off, for instance: it keeps idling even if no
work is required. That is needed to keep the system going, to
keep our heart pumping, for example, and to keep the tempera­
ture around 37 QC. Because - and here is another difference - our
human engine works only in a very small temperature range.

It's interesting to look at this a bit more quantitatively.
Our daily food has an energy content of 8 to
10 MJ. That, incidentally, is equivalent to
a quarter of a litre of gasoline, barely
enough to keep our car going on the ~
highway for about 2 minutes. Those 8 ::;/
to 10 MJ per day represent just about
100W on a continuous basis. Only a
small fraction is needed to keep our
heart pumping, as we can easily es­
timate from a pDV consideration
(p being on the order of 10 kPa and
DV on the order 0,1 litre, with a heart beat fre­
quency around 1 Hz).

In the end, those 100Ware released as heat: by radiation, con­
vection and evaporation. Under normal conditions, sitting be-

Our very latest model
Denis Weaire, Trinity College Dublin Ireland

Por most of us the ethics ofwork practices are something that
biologists have to worry about. After all, you don't have to cut

up a dog to diagonalise a Hamiltonian. Nevertheless are conscious
ofveryhigh standards in the conduct ofresearch. For example, we
present out findings (fairly) honestly, we readily accept their over­
throw by others, we give freely of our time to the running of
conferences and journals, and we encourage and nurture the new
members of the profession.
In the matter of research proposals, which bring no prize for fin­
ishing second, there is an awkward tension between due modesty
and a persuasive presentation. To survive we must draw a dis­
creet veil over our deficiencies and offer our better profile to the
world. Here there is a certain elasticity in our claims to virtue. It is
understood, particularly by the reviewers.

This tendency is in danger ofbeing stretched to breakingpoint
by the growing use of consultants to write proposals that are ele­
gantly tailored to the wishes of the granting body. The common
wisdom is that Framework Programmes 5 and 6 are readily acces­
sible onlyby this method. Certainly it is now explicit that scientific
brilliance is necessary but not sufficient.

What distinguishes these programmes from their predecessors
is the increasing intrusion ofsocio-economic criteria. Most ofus,
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hind our desk in our usual clothing in an office at 20 QC, radia­
tion and convection are the leading terms, and evaporation gives
only a small contribution. UntU we start doing externalwork, on
a home trainer, for example. The energy consumption goes up,
and so does the heat production. Schematically, the total energy
consumption Ptot and the external work Pwork is shown in the
figure, where an efficiency of2S% has been assumed. Thus, ifwe
work with a power of 100 W, we increase the total power by
400 W, and the heat part by 300 W.

Now the body must try to keep its temperature constant. That's
not trivial: ifwe don't change clothing, or switch on a fan to make
the temperature gradients near our skin somewhat larger, the ra­
diation and conduction terms cannot change much. They are de­
termined by the difference between the temperature of our skin
and clothing on the one hand, and the ambient temperature on

the other.When working hard, we raise that difference
only slightly: due to the enhanced blood stream,
our skin temperature will get closer to that of the

inner body. But the limit is reached at 37 QC.
Fortunately, there is the evapora­

tion term. Sweating is our rescue. And
drinking, of course. Each addi­

tional100 W of released heat
that has to be compensated by
evaporation, requires a glass of

water per hour: O,18litre/h, to
be precise. The various terms
are, again schematically, shown

in the figure.
One conclusion: Heavy exercise

needs evaporation. Don't try to swim a
1000 m world record ifyour pool is heated to 37 QC •You might

not live to collect your prize: Where would the heat go?

when asked to detail the direct societal benefits of our research,
fall back on stammering platitudes or Faraday's immortal
defence: what use is a baby? Nul points.

Enter the consultant with a bulging briefcase ofbuzzwords. Et
voila!

In the process of transformation from ugly scientific duckling
to smooth commercial swan, it is likely that something will be
lost. In a word, innocence. The system of business ethics is very
different from ours. Self-promotion rather than self-denial is its
stock-in-trade. Manifest dishonesty (vide recent events in the
US.) is frowned upon, but one may float freely in the grey area of
unsubstantiated and imaginative claims. That's business.

Within its proper domain this highly successful system is best
left alone, but what will be the consequence of its introduction
into the world of academic physics? Will our research become a
pursuit of convenient half-truths, backing up the spurious novel­
ty and usefulness of the "latest model"?

Erratum
Professor J.lndeku has brought to our attention that the Edited
version of the talk delivered at the PhysicsTeaching Forum, [EPN vol
34/3 page 98] organised on March 16th, 2002 in Brussels by the
National Committee for Physics of the Belgian Royal Academy of
Sciences needs to be completed with the following text"in
collaboration with the Belgian Physical Society.This article is
reproduced from the original version published in Physicalia
Magazine (Belgian Physical Society),vo124, n° 3, p.139-149 (2002)."
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