648 CHAPTER 61

1962 Guide And Data Book

Table 2 .... Selected Characteristics of Wide-Range Heat Transfer Fluids

Flid
Property N . Raf-1120- Baf. 20
Worer 607 Ettyteoe Trichtor- Ref-11 Methanol Mathytece Dewaxed
“Glyeol + H:O effiylens ' Chioride Kerasine
Boiling Pt. F 212 223 +88 10 190 75 147 to 151 104 . 309
Freezing Pt. F 32 —60 —124 -168 —144 —142 -120
Density at 68 F 1.0 1.08 1.46 C1.49 0.79 1.33 . 0.8
Specific Heat
st 68 F 1.0 0.82 0.23 0.21 0.60 0.27 0.50
Viscosity, cp 4 .
at 68 . 1.0 4.7 0.58 0.44 0.59 Q.44 0.4
at ~40F — 185 T 0.98 1.9 0.88 1.45
at —100 F — — 2.08 1.8 5.00 o 1.60 5/10=
Thermal conduc- )
tivity at 68 F 0.346 0.225 g 0.08 0.06 0.12 0.09 0.07-
Heat carrying
ability Btu per
(hr) m)
{F de, 500 368 1685 158 239 183 200
Turbulent heat
transfer at .
-—40 F, %* — 5.3 33.5 34.9 35 4.5 248

can be used and offer the ad: of a rapid resp be-
cause of their ow thermal mass. All types of electric heaters
require the use of proper msulahon and pmfectwn agnmst
moisture. Generally test

hambers Hot water, swnm,bhnes,andoﬂsmbeumdm
coils in various configurations. These heating systems are
partlmlarly applicable where very close tolem must be

{dry bulb oontml) may use open wire mstance heaters al-
though at low duce ex-

ided within the
can be used. Modulation control is also used in electrical ro-

cessive moisture and corrosion on the heat.ers Humidity
chambers should include a sealed type of heating system such
as the metal sheathed tubular heater with terminals brought

. to the exterior of the chamber structure to guard them
*  againgt the humidity and breathing effects of cycling. Salt-
- spray chambers are usually heated by ‘an indirect means such
ag circulating heated water or air around '.be outside of the
chamber shell outside the ealt-fog Heaters for

heating sy by means of use of power propor-
tioning ip Hot- water reci and
Mmaystemscanbeumdwn.hmlahvelysmndarddmgnap-

age of the coils and piping within
the chamber mu.stbeammdlftbechamberwdlbeopemwd
below freesing. Proper water ghould be p:

Many brines and heat exchange fluids which are not:

limited to the temperature ranges of water or steam are

sand and dust chambers must use sheathed heaters which
have good resistance against the erogion of the high velocity
sand and dust. Explosion-proof testing chambers contain
an explosive fuel and air mixture. Heaters must have tem-
perature limiting devices on the sheath with terminals ex-
tended to the outside to prevent ignition of the mixture.
Altitude and space chambers present very special heat
problems. Arcing between terminals under vacuum condi-
tions must be guarded against. It is general practice to bring
the terminals to the outside of the vacuum space through a
vacuum tight fitting. The reduced convective heat transfer
of 8 heater under vacuum must be considered in the design
to prevent burnout. Th lly and h lly bonding of

ilable. No one ﬁmd for the commonly required wide
mngesofw. 1 test {such as —100 F to
4500 F) is available at present. Most chemical brines present
some problems of wscomty, toxicity, fiammability, chemical
reaction with the piping and other limitations. Any heat ex-
change fluid must be carefully evaluated for limitations.
The .above discussion is primarily concerned with non-
radiant heating systems used to duplicate the conditions
found in storage and transportation and when a protective
housmg is pmvxdod amund the eqmpment_ Radmnt type heat~
ing d to such as sun
exposure whemm bo!.h the heat flux density and the wave
Iength are lmport.anz and more commontly in equipment which

is d to from some high temperature source.

sheathed heaters to the exterior wall of the vacuum structure
has been successfully used to avoid some of these probl

Radmnt sources used in environmental chambers vary from

Internal forced eonvechon hea'.mg is usunl]y smtablr. up to
about 50,000 ft of alti
Induectheetmgmalsnvexy itable (or iro1 nental

h wire heaters to specialized equipment such
asmhmpsmdmemuryXenonl&mpsusedwmmuhtesun-
shine in outer space. Since the wave Iengtb of the source ls ﬂ

to

function of its the

Eavire tal Test Equipment

st be understood before a suitable radiant heat source can
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vuonxnent. Pmpeller, axial flow, or cenf.nfugxl fans are most

. Where the problem is aimply to prod lngh

denmty on the product to be tested, bare mchmme wires,
sbmuied heaters, carbon and silicon carbide rod heating ele-
ments and similar devices can be used. Tubular quarts heat
lamps 8re often suitable for very rapid heat-up eondxuons

Positive di t or multi-stage

turbine type b]owem are used to obtain the necessary total
for ram air simulation under altitude conditions,

Drives for mtem!]y mounted fans must be located externally

Carbon are and mercury Xenon lamp
wave lengths which will simulate the wave length of sunshine
in outer space. Sunshine at sea level is usually simulsted by

when d in the air stream.

Jimi corrosion and inimize heat
stam!essteelshaﬁsueoommonlyused lna.lmostallm-
stances a vapor seal is req or

the use of mercury vapor lamps or binations of
giament heat hmps to produce the proper wave length and
watt density. Radiant heating may be required to conditions with &

produce heat densities in excess of 125 kw per sq ft. Careful -

dmsn of the chamber structure, proper support of the heat~
ing elements, and the location of the heating elemant.s are
h 1 and

I to or fromt.bea.mbmtmr If internal bearings
are used, they must thhst.md u:e full range of environmental
. Altitude chamb
fan shafts must be eqmpped wmz vacuum tight shaft seals.
Air distribution within the workspace of the tast eqmpment
xs important in order to prod

:equ ired to prevent problems due to the
thermal stresses which result from large ture dif-

ughout the test xpaee nnd good control system response.

F , close specified for air cir-

fmm.la and rapid heat-up and oool-down cycles.
Humidification

Common mesans of raising the relative humidity within a
test enclosure include direct introduction of low p
steam, vaporizing water by electric immersion heaters in an
apen evaporator, and direct atomizing water sprays alone or
in combination with electric heaters to aid vaporization of
the spray.

Steam and vapor generators are best used foermducmg

culation nm and distribution will complicate the control
problem. Air densities may vary almost three to one in tem-
perature test chambers, and more than fifty to one in altitude
test chambers. Therefore, motor =izing and speed control of
fans require careful attention.

The air flow for a specific gradient is directly proportional
to the pet heat gain or loss i in t.he works pace and mvemely
proportional to the permi p t and
density of the air.

Usually the air volume must be increased at elevated tem-

high huxmdmes at p well above
ible heat is introduced Contmlofstenm
may be modulating or on-off. With the latter, anticipation
-suggesoed wmxmmmover—runduewawompldnsem
t. When

used, they should include a low water cut-off devme, smtable

pressure relief valves, and other safety devices. Make-up

water should be provided from a distilled or demineralized
sourve.

A heric p VAPOT g ting at at-

h usedwhenlhs" irable to

due to the lower density. The circuit pressure drop
will be approximately proportional to the air density. There-
fore, the system balance points should be determined from
the fan characteristic curves for various operating range
conditions in the chamber.

Dehumidification
Low humidity conditions wn.h eontml.led dew pomts above

freesing usually are produced by ¢
coohngmdelectnc ‘.‘V b most i 1

pmduce teat eondmons of 95 j: 5 percent relative humidity
at tempemmm between 100 and 160 F. Protection against
immersion heater burnout is umndnwry for good design.

For production of high humidities at temp near and
below ambient temperature some form of water spray is best
due to the adisbatic cooling effect upon evaporation. Although
water spray systems do not have as rapid response as stear,
this is no dxsadva.nt.sge at lower temperatures where the
bumidity ratio is low. By controlling the temperature of the
sprayed water, both humidification and debumidification
can be achieved with a single system. Heating and cooling
means may be located either inside the conditioning spray
plenum or externally in the recirculating water circuit. Very
close control of humidities is possible with such a design
approach. Distilled or demineralized water is suggested be-
cause {ap water may be contaminated. Recirculating spray
systems should be periodically flushed out because of possible
contamination of equipment or test parts from the air stream.

Air Movement

All types of fans and air movers are used in {est chambers.
Special problems include the effects on the fan characteristics

require h | ref ion for extended dry-

bulb tcmpemtum range control. For production and control
of humi ing dew pomt.s below (teexmg
and i either ¢ dual ly
defrosted or aut icall desiccant dehumidi
fiers are used. If an enclosure is sufficiently vapor tight, and
there is no internal latent load, a sufficiently large evapora- ~
tor to handle the frost build~up due to initial latent load may
be an accepmbla solution.

Ram &u- coolers whu:h simulate the coolmg air supply
for el at
huxmd.lty and altitude conditions present specml debu.mmh—

best handled by a wet coil which removes a large part of the
moisture just above freezing, followed by a set of parallel

- alternateély defrosted evaporators. For ram air-simulators in

a closed loop t, simpler systems are possible if the
eooling of air does not involve dehumidification.

When using certain liquid or solid desiccants in very high
or low dry-bulb ranges, mechnmcal refrigeration cooling may
be required for p or ling. In such systems,
a portion of the chamber air is conhnuously mtbdrawn by an

auxiliary blower and passed through the drying agent and_.

of widely varymg air densxtles due toe p
and altitud izh humidity aod
temperature conditions made i p i +
against special corrosion and mechanical stress. Consid

must also be given to protection of the drive from the en-

any Y P! ng or after-cooling coils.

ALTITUDE AND SPACE SIMULATORS

For many years alhtudz chambem have been common
ies. These have cus-




