"Fig. 28....Piping for Single-Stage System with Low-
Pressure Receiver and Liquid A ja Circulati

any accumulated liquid. The amount of pipe inside the shell
should be kept to & minimum so as not to superheat more
than 5 F deg the gas (without liquid) entering the compressor.
The flow of high-pressure hot gas through the internal pipe
should be such that the gas will not condense while flowing
through it.

" Pressurized Return Systems

"Another method of transferring liquid from the suction
trap to the high side is to have the main suction trap drain
into an auxiliary suction trap located below it. When the
suxiliary suction trap is nearly filled with ammonia liquid
it is valved off. High-p gas is then directed into the
suxiliary trap to increase the pressure sufficiently so that it
can be returned either by gravity or by a low-head ammonia
pump to the high-pressure receiver.

UQUID AMMONIA RECIRCULATION SYSTEMS

In a liquid ammonia recirculating system, a pump is’
used to circulate the is from a receiver to
the The low-p receiver is a shell for
storage of refrigerant at low pressure and used to supply
evaporators with refrigerant, either by gravity or by a low
head pump. It also takes the suction from the evaporators
and separates the gas from the liquid. The amount of liquid
fed into the evaporator is usually several times the amount
that is actuall porated in the evaporator and, therefore,
. there is always liquid present in the suction return to the

! receiver. Frequently three times the amount that

tor tatad th h

is evap is ug P

In general, the =ixing of the liquid ammonia pump is based
on the gallons of ia required to be circulated versus a
head differential between suction and discharge of approxi-
mately 20 psi. This is satisfactory for most single-story
installations. If there is a static lift on the pump discharge,
the differential would have to be increased accordingly.

The sixing of the low-pressure receiver is based on the
croas-gectional area required to obtain liquid and gas sep-
aration and also on the volume between the normal liquid
level and the alarm liquid level in the low-pressure receiver.
This volume should be sufficient te contain the maximum
fluctuation in liquid due to the various load conditions.

The liquid at the discharge of the pump is in the sub-
cooled region. A total p: drop of approxi ly 5 psi
in the piping can be tol d. The ining p! is ex-

pended through the control valve, coil, and suction return-

line. It is important that the pressure drop and heat pickup
in the liquid supply line be low encugh to prevent any flash-
ing in the liquid supply line. -

A relief valve is required from the liquid main back to the
low-pressure receiver, 5o that when the liquid line solenoid
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valves at the various evaporators are closed, either for de.
frosting or for temperature control msona,theueessliqujd
ean be relieved back to the low-p reoeivu.Thiapump
relief valve is generally set at about 40 pei differential,

The suction header between the evaporators and the lyg.
pressure receiver should be pitched 1% in. per ft, if i
inordertokeeptheexeesliquidﬂowingbackhthclow%

sure receiver. It is important to design the header a0 thyy .

traps are avoided.
Liquid Recirculafion in Single-Stage System

The piping of a typical single-stage system with a low.
pressure receiver and liquid ammonia recirculating type feed
is shown on Fig. 28. Some of the details shown in previoys
figures are omitted, but references are made to them in follow-
ing text.
Liquid Recirculation and Evaporator Piping

The typical piping of an evaporstor designed for liquid

: iroulation and equi

d with hot gas defrost-
ing is shown in Fig. 29, Liquid is normally fed through
the liquid line into the vertical header and is distributed to
the various coils through orifices in the header. Suction is
taken from the suction header through a strainer and an
automatic flow stop valve. This valve is wide open when the
room thermostat is calling for cooling and regulates the back
pressure at 80 paig during the defrost cycle.

‘When the unit is on the defrost cycle, the liquid line sole-

noid valve is closed and the hot gas solenoid valve is open.

The hot gas flows through a coil located underneath the pan
of the unit to keep the condensate from refreezing on the pan.
It is then taken through a check valve into the liquid header
and is distributed to the various coils where defrosting takes
place. The condensed liquid is maintained at a t

above 32 F and its pressure is relieved back to the low-
pressure receiver and from there to the compressors.

COMPOUND COMPRESSION SYSTEMS
G d i t the gas from

the ‘r, to the d in several stages. They
usually are used o produce temperatures of —15 ¥ and be-
low, where this cannot be economically accomplished with
single-stage compression.

The limit of single-stage pressiy is generall
between 5 and 10 psig suction pressure. Two-stage systems
are used down to about —65 F evaporator tempen\burﬂ;-
Below this temperature three-stage sy become pract

fig. 29 .... Piping for Evaporotor with Liquid Ammonid
Recirculation and Hot Gas Defrost

ig. 30 .. .. Arrongement for Compound System with
Verfical Type Intercooler and Suction Trop

In the area where either a gingle- or two-stage compres-
sion system can be used, it will usually be found that the two-
stage system operates with less power requirements and,
therefore, less operating cost but at increased first cost of
equipment.

When the design compression ratio is approxi ly 9to 1,
the following items are of importance:

1. The di tem] iy
bosoraes bgh, emongh oo sbat. casbonisnton of the ol can reseht.

2. The volumetric efficiency on the high-stage compressor
becomes bow, resulting in hi displ
ton.

3. The refrigerating effect for each pound of ammonia circu-
lated through the isata ively low value.

Items 1, 2 and 3 can be circumvented by use of a two-
stage system, with each compressor operating at a low com-
pression ratio; having some means for cooling the discharge
ges from the low-stage compressor and subcooling the liquid
from the temperature corresponding to high-stage discharge
pressure down to a temperature corresponding neatly to in-
termediate pressure.

The two-stage system consists of one or more compressors
operating at the low suction pressure and discharging at an

intermediate pressure and also with one or more compressors .

ing at the inter suction p and di
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compression systems. In Fig. 30, a vertical coil type inter-
cooler is shown. A liquid level is maintained in the inter-
cooler by a float which controls the solenoid valve which
feeds liquid into the shell side of the intercooler. Gas from the
first-stage compressor enters the lower head of the inter-
cooler, is distributed by a perforated plate, and is cooled to
the i ding to intermedi

pressure.

High-pressure liquid from the receiver flows through a coil
immersed in the lower part of the intercooler where it is sub-
cooled to a PP hing that p corTe-

ponding to i di before it flows to the
evaporator. This liquid is kept at a high pressure which re-
duces the required size of the liquid control valve at the
evaporators.

A horizontal fiash type intercooler is illustrated in Fig. 31.
A float switch maintains a level in the intercooler by con-
trolling the flow of ammonia liquid from the high-pressure re-
ceiver and injecting it into the intercooler where it flashes to
the i liate p After the i ter has sufficient
liquid in it, the excess will low over a weir and be fed.into the
low-pressure receiver where the level is maintained by another
float switch. Discharge gas from the low-stage compressor is
piped to an internal slotted pipe in the intercooler through
which it is distributed up through the liquid and is cooled to
the L ; 1

ing to inter

p sponding

pressure.
Two-Stage System Piping

Fig. 30 illustrates a two-stage compound compression sys-
tem utilizing a vertical coil type intercooler with a vertical
suction trap in the suction line from the evaporators to inter-
cept any liquid present. )

A rotary low-stage compressor takes a suction from the
vertical suction trap and discharges into the vertical coil type
intercooler. A valved bypass line is provided around the rotary
compressor and intercooler so that the plant suction pressure
can be lowered with the high-stage compressor prior to start~
ing the low stage so a8 not to overload the motor on the low-
stage compressor. A check valve is provided in the discharge
line of the rotary compressor to minimire the back flow of gas
from the i ler to the and into the suction
trap and evaporators upon & shut down due to a power failure-

or for any other reason. Likewise, a'check valve is used from ~

the gas space at the top of the intercooler to the top of the dis-
chm'_ge line fmm.t.he rotary compressor to keep the inter-

ing to the condenser.
Gas and Liquid Intercoolers
The prime reason for using an intercooler in a8 compound

p in the {rom backing liquid up the
discharge line and through the check valve and into the com-
pressor. :

Suction gas from high ¢ can be
taken into the intercooler where any liquid present can be

1 tad

system is to cool the disch gas bet stages o p:
overheating the higher-stage comp This is

d bglom going to the high-stage compressor.

by bubbling the discharge gas from the low-stage p

An equal header is provided on the intercocler for
ing of float switches. The lowest float switch maintaing

through a bath of liquid refrigerant at intermediate pressure
and corresponding temperature. There is no heat rejected
from the system in the i ler. The heat d from
the discharge gas is absorbed by the evaporation of a portion
O{thcliquidinthebatha.ndis tually passed th h

the normal liquid leve! in the intercooler by controiling the
flow of high-pressure liquid from the receiver to the inter-
cooler.

If the intercooler should receive excess liquid from the high

compressor to the condenser.
For plant operating cost economy, the liquid for the evapo-
fators on the low-stage compressor is subcooled after leaving
the condenser so that the refrigerating effect per pound of

‘mmonia is increased. This lowers the low-stage compressor

p p , the liquid level will rise to the set-
ting of the middle float switch. This switch opens a solenoid™

valve in & drain line from the intercooler at intermediate pres- -

sure to the suction trap where it can be pumped to the high-
pressure receiver.
The highest float switch is for an alarm and sometimes for

displacement, per ton and also reduces its operating brake
Tsepower.
Two types of i lers will be il d for pound the i

system in cases of exceas
The high-stage compressor takes its suction from the top of
ler and disch

its gas into the condenser.
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