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ABSTRACT

The Small Animal Hypobaric Chamber {s a speclal test facility designed
and constructed to fill a void that existed for a high-quality, scientific
tool providing controlled atmospheric pressure and environmental conditions
for studies and experiments which previously could be carried out only on a
reatricted basis in the laboratory under less-than-ideal conditions. The test
facility provides a means fer studying laboratory animals under low barometric
pressures duplicating those found in mountainous terrain. The basic
objectives of the 3mall Animal Chamber are to extend research capabilities for
evaluating the effects of environmental extremes and to develop models for

studying the altitude~induced effects on biological systems,

iv




DESCRIPTION:

The Small Animal Hypobaric Chamber (SAHC) s a special test facility
designed and constiructed to fi'l a void that existed for a high-quality,
sclentific tool providing controlled atmospheric pressure and environmental
conditions for studies and experiments which previously could be carried out
only on a resirlctea basis in the laboratory under less-than-ideal conditions

(Fig. 1).

The test facility provides a means for studying small laboratory animals
under conditions of low barometric pressures duplicating conditiona found in
high nmountainous terrain. Combined pressure temperature environmental
chambers have been designed for use in studying materials, hardware and humans
for application to other military or space missions. The basic objectives of
the SAHC are to extend research capabilities for evaluating the effects of
envircnriental extremes on laboratory animals and to develop models for
studying the altitude~induced effects on bilological systens. A duplicate

chamber facility allows for concurrant normobaric experiments.

BASIC DESIGN:

The SAHC 1{is a rectangular shaped vessel, primarily constructed of
aluminum plate and cast acrylic Plexiglas G. It measures 36" x 26" x 20" with
an internal volume of 11.4 cubic feet. The skeletal structure is a framework
of aluminum angle 1/U4" x 2" x 2™ that {s designed to support loads imposed by

the differential pressure of test altitudes wup to 40,000 ft (28 tons). The




end caps and base are cut from 1/4" aluminum plate and reinforced with
transversed structures (stiffeners) that divide the unsupported areas into
smaller configurations for maintaining the metal integrity when urder
differential pressure stresses (Fig. 2). Several 1/4" NPT holes are provided
in each end cap for attachment of control equipment and instrumentation. The
sides and top are 1" Plexigla§0 providing maximai visual surveillance of
inside activities without compromising basic Eequirements of selecting
material with high strength to weight ratio. Plexiglaa0 {s tajilor-made for
this type of small vacuum vesasel because of its outstanding memory and flexure
cnaracteristices. Each side {s bolted to the frame through a 1/8" x 2" rubber
gasket using 52 stainless steel nuts and bolts (Fig. 3). They are designed
for easy removal in the event maintenance or repairs become necessary. The
gasket material i{s 40 durcmeter hardness, silicone-impregnated rubber and is
cut from sheeting as one piece (seamless). Acces3 to the chamber interior for
experimental set~up and cleaning is provided by a removable top. Quick
release cam-lock type clamps are wused for securing the top to the chamber,
The clamps are strategically placea to apply an even distribution of
compression on the rubber gasket and facilitate the 1initial vacuum
application. A plenum housing which contains a heat exchange coil is located
externally to the aluminum end cap of the chamber (Fig. 2) and has a miniature
air circulating fan and an air channeling baffle plate for smoothing and

concentrating the flow of air through the coil.




CONTROL INSTRUMENTATION:

{a) Altitude Simulation: Chamber preasure 1is automatically concrollead
(Fig. &) using a Hewlett Packard computer {Model 36) ard a Hewlett Packard
Data Acquisition/Control Unrit (Model 3497A, DACU). The DACU digitizes an
analog voltage (0-5 VDC) derived from a digital pressure gauge (Menscr, Model
6240). The computer then wuses tine digitized signal In a feecback loop
software program to control an increm~ntal solenoid valve on a Porter Thermal
Mass Flowmeter (F-2-2MFC). A Gast Vacuum Pump (Model 1022) is used to redquce

pressure in the chamber compartment.

{(b) Ventilation Air: Acceptable levels of oxygen and carbon dioxide gases
are maintained ty purging the chamber with sufficient volumes of fresh air.
Ircorporated in the software progrzm are additional feedback signals in which
chamber oxygen and carben dinxide concentrations are compared to reference
values and apprupriate adjustments made by a seco~d mass flow controller to
the purge ventiletion line. Beckman Medical Gas Analyzers (Model OM-14,

oxygen, LB-2, carbon dioxide}are used to measure gas concentrations.

(¢) Temperature Control System: Temperature cortrecl (9-100° ¢€) is
effecced by using a remote-controlled circulating bath /{Lauda, Model KIC-Y).
Constant temperature control cacabllities are provided by built-in mechanical
refrigeration and heating units. A remote thermistor is mounted inside the
chamber allowing the interior to be the control point. Fluid (glycol/water)

is circulated through the chamber's heat exchange enil (Eastern Industries,




Model E/HT 200) and returned to the circulating bath. Concurrently, air is
circulated around the fins of the coil transferring fluid temperature into the
chamber interior. A ceramic¢c enclosed platinum resistance sensor element is
used to measure the temperature, The sersor i3 housed in a environmentally-
rated anodized aluminum  collar (pressure hoss) for pressure/vacuum
appiications., The pressure boss enables the sensor to be installed in the
vacuum pum) erhaust line, where air being drawn from the chamber circulates
around the sensor providing the measurement. Temperature and relative
humidity data are displayed on a digital readout instrument (General Eastern,

Model 4OUE) with analog outputs {0-5 YDC) available for recording.

(d) Relative Humidity Control System: Relative humidity is controlled by
employing a unique environmental engineering approach. The basic concept
emplcoys the chamber's ventilation air as a means for injecting pre-conditioned
air. Humidification 1is accomplished by passing ventiiation air through a
water jacketed-aerator. The amount of saturation is controlled by modulating
an ambient air bypass iine to mix with the humidified line until desired set-
points are reached. Dehumidification i3 accomplished by passing ventilation
air through a condenser (Allihn, Model C7930) where moisture cnllects on the
inner surféce of the cooled tube with water droplets collecting 1in a
condensate container below. The condenser {s co¢noled using a vortex tube
(vortex Corp., Model 208) that converts ordinary compressed air (69-8u psi)
into a cold stream of air (—UOOF). The amcunt. of waler being removed from the
ventilation air stream is proportional to temperature of cold air supplied to
the condenser from the vortex tube. Lowering air pressure has the effectAof

warming the vortex temperature and vice versa. Humidity is measured using
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sulfonated polystyrene resistance {AC) grid housed in a pressure boss. 8oth
processes, fhumidification/dehumidification), are balanced with ambient air

for achieving desired relative humidity within the chamber.
CONCLUSION:

A hypobaric test faciliiy devoted to sma.l animal research represents a
significant achievement in the science of environmental medicine and a torward
step in the engineering science of combined environmental simulation in 3saall
research chambers. The applicability of the SAHC extends oeyond the
Department of Defense to universities and instit;tions where a growing number
of scientific rersonnel share an {interest in extending knowledge of medical

and “iomedical effects of hypobaric environmental extremes.




Ay

%)

y v
S AL

a @
’

ACKNOWLEDGMENT

»_

L]

The author wishes to thank Mr. Jose Miletti for technical assistance on

the instrumentation interface, draftsman SPL William Sawyer for the mechanical

g

AR

drawings, Dr. Allen Cymerman for editorial review, and Mrs. Ruth Saleson for

CCa]
AR,

preparing the document.

. .
AR
s, W

“~ e w
D
A

SUNASD
P

-

1
.

AR X0

L

&« e
‘v &
L

.l

-
kA

S
)

[y
’d
-

b AL N ¥ N X 3
- s & f
?‘a‘xh‘.

>

ALREEX
O

CAR} vt

..,'
“ N

.
.

RESPR R PGS 76 A vRYRY AT S C A 10, W WA 0 W ROl NG ST ASLREIRT 3 SOAT S0 M A RE RIS LU FA TS TS TN BaTh 18 5% FARAT)

¥

S EEEE—EEEEEEEE—



_a Nt Yy

T T A

Ottty
--\-‘

Isometric view of the Small Animal Chamber showing the basic design
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Exploded view of the Small Animal Hypobaric Chamber showing the

individual parts of the facility and indicating their proper

Also included are the

relationship to the unit when assembled.

dimensional data for the heating/cooling coil.
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