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Symposium : Simulatlon of Hypogrovily

The Design and Development of a Dry Floatation Facility to Simulate
Microgravity Condition at Ground Level

Surg Lt Cdr PR Nair , Wg Cdr NS Baboo

The condition of welghtlessness remains one of
the primary environmental concemns of space flight. A
variaty of ground based sludies using analogues of
weightiossnass have been earrfed out to investigate the
effocts of welghtiessness on man. Although none of these
mathods slmulate true welghtlessness or "Zoero gravily',
valfunble information cen still be ebtained from these
studles of simulated microgravity en human physiology.
One such analogue Is the method of dry Roatation or dry
immersian, and the prescht endeavour is lo design a
foatution lacility whore voluntoers would be immersod
dry' (protectad from direct contact with walter), This
system consiats of a double walled mild steel tank (2.4m x
1.2m x 1.7m) filled with waler at about 3FC-34'C. In the
middie of the tank, thore is a hydraulic it which supports
a thin weler prool sheat (High density Polyurethsneg),
sprood over the fitled tank. The subject can be positioned
supina inside the walcer tank on lop ol the sleved platfarm
wiih the plastic sheat in between, The board is then
fowered  hydraulically, so that the subject will ba
Immarsad ‘dry’ in the tank. On completion of the exposure
protocol, the platform can be ralsed 1o supporl Lhe
subject from below so #s 1o enable him to siep oul
smaoothly. The detalis of design and development of this
dry waler immarslon facility are described In this peper.
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Introduction

The condition of weightlessness remains
one of the primary environmental concems of
spaw“. The various physiclogical changes thal
occur in the weightlessness environment of space
craft are seen lo be more in the nature of adaptive
changes in the human organism 1o the new
envirgnmant %, Howewver lhe mechanisims
underlying these physiological adaplive changes
are still not fully undersiood.

Since il is difficult fo carry out an indepth
study of these changes during a space flight on
human subjects, a varielty of ground based
studies using analogues of weightiessness have
been used to investigate this aspect®=.

Aamong the first of the lechniques of
simulating weightlessness was based on lhe
Keplarian Irajectory model®. This was followed by
water immersion studies’, horizonlal bed rest,
chair rest and head down 1it®8, A modification of
the waler immersion model was described by
Shulzenko et al in 1976. They called it dry
floatation or dry immersion®. This is essentially
similar to the method of water immersion.
However, hare the subject is protected trom direcl
contact with water by a thin plastic sheet. This Is
probably the ideal analogue of weightlessness as
il does not have the problems of maintenance ol
hygiene, and development ol skin maceration
cbserved during water immersion, nor the
subjective discomiort of head down Hilt*5.

Although none of these methods simulate
ue weightlessness or zero G, valuable
information can siil be oblained from these
studies to understand the underlying mechanisms
of adaptatiorvreadaplation and thereby in the
development of countermeasures®>.

The Principle of Dry water Immersion.

A body that floals in waler can be
considersd o be apparently weightless as
floatation occurs only when the weight of the body
is opposed by an equal force of buoyancy (Fb)'®.
A spring balance, if used to weigh the body now,
will register a ‘zero’ reading’.

Furthermore, In nonrigid bodies like that of
the human being, weight is produced by the
deiormation caused by the resultant of forces
acling on the body or F{g)7-12. This deformation is
detecled by the mechanoreceptors, especially
ithose of the skin, and weight is appreciated.

On dry water immersion, machanarecepior
cues are eliminaled since the water is evenly
distributed over the entire surface of the skin, and
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no deformation occurs’. In olher words, no Fla) is
acling on the body, thus no weight is fell.

During dry immersion, the hydrostatic
pressura gradienl generaled within the verical
blood columns by gravity is eliminaled on account
ol the posilion ol lhe subject as well as the
counter pressure ol waler all around!3.'4, This
effecls an immediale shilt of intravascular fiuid
Irom the lower part of the body 1o the thorax and
head, tollowed by a slower shift ol interstiial tuid
into |he blood vessels of the lower limb on
account of a decrease in the high hydrostatic
pressure dillerence across the caplllanes ol the
lower limb!'316 This central fluid shilt causes a
suslained increase in central blood volume, and in
the central venous pressure for a short duralion
This in twm compels varous compensatory
mechanisms 10 reduce extracellular fluld volume.
The adaptation is achieved primarily by a diuresis
which reduces the plasma volume because ol
decrease | in ADH, Aldostlerone, and
Renin-Angiolensin activity. There is also a reduction
in sympathelic nervous activity!!.13.14.1517

Description of the Dry Waler Immersion
Facility

The immersion Tacility consisis of a main
immersion tank and auxiliary healing lank. The
lanks are of equal size, 2.2m x 1:2m x 1.1m made
of mild sleel 3.15mm thick, double walled with a
50mm gap between lhe layers. This is filled with
thermally insulaled material. The deadweight ol
each fank is 750 Kg. and it can hold 2500 L of
waler (Fig).

Inside the main tank is a sisved platform
made of mild steel (1.8m x 0.6m x 0.05m). Thisis

conneclad lo a hydraulic lin with a stroke length of
1m by means of which this platiorm can be raised
or lowered. The bore of the hydraulic lift passes
down through the middie of the tank to the
hydraulic pump peositioned below tha tank,

Both the lanks are placed on a masonry
struclure 0.5m above the tioor, while the hydraulic
pumg is positioned in a special pit below tha main
lank 1m below lloor level. Both the lanks are
connected to the main water source by 11mm G.l.

pipes.

The auxiliary healing lank is connected to
the main immersion lank by two G.l. plpes 22 mm
in diameter, 1o pump heated water 1o the main
lank and second ona lo relurn colder waler 1o the
healing tank. This is done by lwo hall horse power
pumps which are simultaneously operated so that
during this transfer of watervelume change is
minimal in the main tank.

Healing is done by means ol 6 haaling
elements of 2.5 KW incorporaled into auxiliary
tank, 3 to each side. The amount ol heating can
be controlled from the main control panel where
the tlemperalure of Lhe waler in each lank is
sensed by thermal sensors and  digitally
displayed. The water temperature in the
immersion lank is maintained at a temperalure
32-34°C [ cloze to the average mean skin
temperature ).

Before statting the experiment, water is
filled in both the tanks upto 15 em from the top.
The plalform is algo raised to this lavel. Then the
healing elements are swilched on from the main
control panel till water temperature in the heating
lank reaches 50°C. Now the healers are swilched
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ofl and the iwo water pumps are slarted 1o
transfer the heated water into the main tank, while
simultaneously pumping cooler waler back to lhe
healing tank. This is continued till the waler
temperature in the main immersion tank reads
349C. Al this poinl, the water pumps are switched
oft and a thin water proot sheel made ol high
density polyurethane (5.5m X 4.3m and 400
microns thick) is spread over the main immersion
tank so as fo completely and evenly cover it. The
subject is positioned supine inside the immersion
tank, on fop of the sieved platiorm with the plastic
sheel in between, The platiorm is then lowercd
hydraulically, and the subject thus floats in the
tank, without coming in contacl with the waler.
Heater water from the auxiliary tank (45-50°) is
circulaled  whenever required  through the
floatation tank so as lo maintain that tank waler
{emperature al about 34°C.

On complaticn of the exposure protocal, the
platform is raised again o support the subject
from below so as to enable him to step out

smoothly.

Certain safety and operational features of
this facility are :-

(a) All the heating is done in the auxillary
tank to maintain eleclrical isolation of the subject
in the main immersion tank.

(b) The platform Is sieved so thal there is
minimum resistance and turbulance during its
raising and lowering.

(c) The tanks are double walled and filled
with thermally insulating material to reduce heal
loss and conserve power.

(d) The uppemost level of the platform Is
kept 6 inches from the top of the tank so that water
displaced during immersion does not spill out.

(g) There is a provision 1o lower Ihe
platform mechanically 100, 80 that in the event of
power failure the experiment is not jeopardised.

This facility has been successfully put into
yse in order to simulate Zero G conditions in this

laboratory.
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