Fig. 2 . ... Typical Compound Schematic Fiping

the high stage of compound systems. Some modifications may
be required on the low stage compound compressor such as
crankcase heating or cooling, sealing of ports between crank-
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Fig. 3 .... Capacity of 10 Hp Two-Stage Systems

liner walls of the ch ber is desirable to d realistie

level equalization and where it is demmhle bo minimize the .

possibility of loss of exp ugh a shaft
seal. Suction cooled hermetic units require eareful application
to assure that motor overheating does not occur.

The high-pressure refrigerants used in the low stage side of
a cascade system have pressures which would be excessive
with liquid in the system at room temperatures. It is im-
practicable to keep the low-stage condenser refrigerated at
all times. The lution to this problem is to provide
an expansion tank or space where the refrigerant vapor may
be superheated and held at a safe pressure level at room
temperature. Some small systems which contain a small criti-
cal charge use the hermetic compressor casing for the expan-
sion space.*

Quite often, a combination of cold-wall and air blast ex-
tended surface evaporators is used. The cold-wall evnpomwn
operate at a lower surface and
tend to pick up most of the fmst thereby m&kmg long-term

tion at sub ible. The cold walls
also absorb wail t.mnsmmsmn heat gmn and reduce air tem-
perature gradienta within the work space. The air blast evap-
orator takes care of heat leakage through doors, windows,
penetrations, and the internal heat released from fans and
test specimens.

Several approaches are possible for the clullmg of liquids.
Common mild steel should not be employed for shells below
about —20 F because of its low temperature embrittlement.
Several forms of evaporators are commonly used such as
direct or dry expanson shell-end-tube or aho.ﬂ-andmd

Evaporators chillers, ext: d surface d in a liquid,
Most test chambers have direct expansion evspomtnm It or storage tanks with evapomtors located around the wall.
is desirable to design for low diff in the of the i in viscosity of liquids at reduced

evaporator commensurate with proper distribution and pres-
sure drop for oil return. This is done because s0 much horse-
power per ton is required at low temperature operation and
system capacity falls off rapidly as refrigerant evaporating
temperatures drop. For this reason, extended surface coils
are used for cooling air with fin spacings of 4 to 8 fins per in.
Wider fin spacing is used where frosting conditions are ex-
pected. To reduce heat loads, fan horsepower is kept low by
using large face areas and fawer rows of tubes might be used
for I freezer app! i

The walls of low temp Ititude chambx shouldbe
refrigerated to serve as a radiant heat sink. Where operation
at simulated altitudes between site level and 50,000 to 80,000
feet is to be anticipated, a satisfact: h is to cover
as much of the wall area as pomble thh finned coils and to
increase air flow at the reduced air pressures. At high simu-
lated altitudes, direct cooling of black-body panels or the

temperatures, careful heat transfer evaluation must be made
for the film factor between the liquid and cooling surface.
Flooded evaporators are not very practical for most low
temperature chillers. When using low pressure refrigerants
such 83 Refri are low. The
liquid gravity head rndlcnlly chzmges the evapomung tewm-
perature from top to bottom of the chiller. When using

refrig, tanks become unmssonsbl)'

large and costs become excessive.
Thedesngnof Baporat l‘orlow p can be 2
Additi £ tion is given in Chap-

ter 33, Evapora(om for Liquid Cooling, and Chapter 34, Air
Coolmg and Dehumidifying Coils, in the 1961 Gue ANp
Dara Book.

The effects of refrigerant pressure dmp are severe at low
evaporator pressures; refrigerant circuits should be shorter or
the tubing larger than for designs in higher temperature

Envir tal Test Equi t

ranges. Due to wide load fuctuation, it is sometimes better
4o use separately fed multiple evaporators.
Refrigerant Flow Control

All methods of refrigerant flow control used on single-stage

systems have probably been used successfully on multistage .

gystems. Thermostatic expansion valves are very useful for
,ma.UAudmedmmsuedsyswms.Thcywndwbexluggmh

ing at low suction pressures
duz to the high superhest change necessary to produce suf-
ficient pressure in the valve mechanism to overcome the in-
tarnal friction. For this reason, special valves with extra-

pensitive superh are ided. Cascade
systems have operating prmsum gimilar to those found in
} refrij tice. Many test chamber manu-

facturers adapt standard valves in some special way to their
own requirements for this service.
Autometic expansion valvm may be nsed in cases where

only one refngemnt and
system capacity are required. leewxse, rest.nc'.or or capl.l.lary
tubes may be used on small where ting p

remain quite stable and load 1 ions are not d

Ot plugging may be a problem with such designs if operation
is in the temperature range where refrigerant oils freege.

System Accessories

657

exchanger will help keep crankease temperatures to s safe
point (below 150 F).

Piping

Al piping on non-ammonia systems should be copper with
as few flared or flanged fittings as possible. It should be silver
bruedvnthnamallﬂowofnnmertgnsmchasdrymtmgm
bled through it to pi is
then assured.
Line sizes should be checked carefully for pressure drop and
velocity. Every precaution mu.st be taken to reduce suction
Line p; drop on to the lowest prac-
tical value. The reason is appamnt when lt is noted that at
~110 F, the p difference cor ing to 1 F deg for
Re(ngemnt 22 is 0.065 pei.. Other precautions ns and techniques
for good refrigerant piping should be followed.

“For proper oil return, suction lines should be run either
borizontally or pitched down toward the compressor. If equip-
ment heights do not permit this, they may be carried to a P
trap and a reduced diameter riser used near the compressor.
It is advisable to have the suction gases as warm as practical
in a riser to decrease viscosity of the oil.

Capacity Modulation and Load Limifing

Fig3 dicates the itude of change in ity as a
porating refrigerant temperature with both

Qil separators are so important that they can ly be
considered an accessory. The pour point of the best low tem-

perature oil is about —70 F, therefore the amount of oil’

ﬂnwmg to the low gide must be kept at an absolute minimum.

Liqui d valves are fi ly used to assure tight
shut-off during the off-cycle. Sometlms a pump-down cycle
is used with the off the iquid
solenoid valve and a pressure cut-out turning off the com-
pressor. This system can produce an overrun of the controller
set point.

Suction line solenoid valves are frequently used when close
temperature control is desired because cooling of the evap-
orator ceases at almost the instant of valve closure. Means
must be provided to p damage to the p by
the n.pxd reduction of suction pressure.” An artificial loading
devicé may be used or & surge tank connected into the suction
line between the valve and compressor. ‘A relief valve or
eapillary tube should be used to insure that no liquid refrig-
erant is trapped between the valves in the evaporator. Low-
temperature systems must be as clean and dry as possible and
therefore, a good strainer-drier should be installed in the
liquid line. Vacuum drying and nitrogen purging techniques
must be carefully executed.

Liquid-to-suction hesat interchangers should be carefully
considered. Although liquid subcooling is important, it
should not cause compressor overheating due to high suction
superheat, particularly for Refrigerant 22 systems. Pressure
drop should be kept low in a suction lie interchanger. Other-
wise, the drop can nullify the gain in system capacity due to
the interchanger.

Refrigerant 13 low-stage circuits may incorporate a liquid-
to-suction interchanger if a bypass for the relatively cold
liquid is provided around the warm exchanger during the
initial part of the pull-down, or if the system operates most
of the time with suction vapor temperatures below that of
the saturated liquid.

The ion of the

without vapor passing

through them (during the off cycle) may result in overheating
on some models. Oil cooling by a refrigerant or water heat

d and d . Although the capacity of a
cascade system does not vary beyond the limits of a com-
pound type, many of the same modulation methods will be
applicable and perhaps necessary. The following are several

posgible approaches:

1. Compressor cylinder bypass set-ups similar to standard

Dm:ha.rge por bypassed to suction of compressor with
hqu.ld refrigarant ln]ecmn to minimize suction vapor superheat,
3. Bypasa of discharge vapors directly into 'go evaporatar
mlct or to a midpoint in an evaperator to artificially load the sys-

4:‘. il 1 fedby Jietdial
devices.

5. Muluple expanawn valves fnedmg a smgle evaporator with
velves of varying

design requires careful eon.nden.twn of posmb!e oil return

problem

6. Buction pressure limiting means including pressire lxmn.
expansmn valves or hqlud id va.lvea actuated by reverse
acting low-pressure control dsvwes method is commonly

to ptevent motor overloads in low back pressure rated com- -

pressors.
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