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ABSTRACT : o
DESIGN OF AN AIR COOLED REFRIGERATION SYSTEM -
OPERATING AT VARYING @Eusms PRESSURE.

g

o

MICHAEL SIGALAS
l/'

nS

' 3 Contrary to current industrial practice'admodif'led air-cooled

mkﬂﬁor refrigeration system was designed to operate at varying

condensing pressures. It allowed'the ¢ ensing pressure to drop /
proportionally with the amb‘nt outdoor temperature until some point. |
at which any further reduction in condensing ‘pressure would resul t

o !

in a reduction of refrigeration capacity and or poor expansion valve

- control. - ‘ ~

Tests of the modified system revealed that as the condensing

pressure was lowered, ‘th;: refrigeration capacity increased, the power

consumptjon decreased and the coefficient of performance increased.

" When conditions dictated control of condensing pré'ssure-. the c,gridensing

pressure control system acted to stabilize that pressure although the
ambient temperature continued to fall.

Equations developed to predict refrigeration capacity, power

consumption and coefficient of performance showed very close correlation -
with experimental data and represent a great improvement over equations

used presently. Their use makes prediction of system performance

with a variety of refrigerants possible.
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Ao afea of expansis\vﬂve orifice, ft°, (m~)-
. 3 B ¢ \ f‘/

A .compressor valve pont area, ftz, (cmz)
As expansion valve Qrifi‘cifor summer opefation or suction

valve port area, ftz, (\mz)
Aw expansion valve orifice for winter operation, ftz, (cmz)

. ' " enl 2 -

Ay discharge valve port area, ft°, (cm”) -~

\

N . |

brake pc;wer

4

clearance volume ratio

c effective clearance volume ratis
. (:d discharge coefficient
- 1 \\
cop coefficient of performance \
\ : \\ | .
F forge, 1ff,.(Nt)
Gd. drag oefficienf \
| o
'31,(32 " constan | o \
A
9. conversion\ constant ‘\\
h enthalpy, Btl/1bm, (JouTes/Kg) \
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-\ . ,
mass induced during suction, 1bm, (kg)

. refrigeration capacity, Btu/hr, (Joules/hr)

vit

spring coeffi,cie{t ' ' .

. ! 1 \
- constants in compression efficiency equation '

length on indicator card representing compressor swept

volume, ft, (cm). - : .

length on indicator card representing compressor mc\hargé

volume, ft, (cm) - ' . ’ \

mass flow rate through expansion valve, vm/hr, (kg/hr)

clearance volume mass, 1bm, (ka)

' b
‘mean effective pressure co Lo /

K.4

g b {

polytropic exponent of compi‘ession and ‘expansion process”

s

pressure, .1 bf/ftz, (Pa)

|3

pressure difference to overcome valve drag force, \

i'ffmz, (Pa)

pressure difference to overcome valve throt{ling pressure ',
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¢obmpression ratio |
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compression ratio obtained from blanked suction test “\,

2
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temperature, °F, (°C) ’ e

theoretical power |

specific volume, £t3/1bm, (cn®/Kg) . .
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[ . * \
velocity, ft/hr, (m/hr)

work, fft-1b, (Nt-m) \ .

total work for the ideal compression cycle, ft-1b,
(Nt-m) S
. . ,

a

electrical power input to compressor motor, watts

"electrical power input to produCe Qq_g. Watts

v o L)

. | .
- number of discharge valve ports

number of suction valve ports

P

PN
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. CHAPTER I

: o " INTRODUCTION

»

: Réfriéer'at'ion is a term used to denote the maintenance of a body at
a .temper‘ature iow,er than that of its surroundings. To maintatn or-,i;ro-
duce the low temperature, it is necessar.y to transfer heat from the cold
body or refri gerated'”space A refrigerator 15 a device\ emplcged to’
accomplish this effect by the expenditure of externa1 energy in the ;

form of work or heat or both. For the refrigerator to operate continu-

ously, 1t must reject heat to an e;:terna‘l sink, u‘suaﬂy the atmosphere.

(/ The basic cycle for a mechanical r;frigeration system is the . idea]
vapor compression cycle i]lustrated in Figure 1 ‘A typical equ'ipment.
arrangement that may be used to <:ar'ryé out the processes defined by the
cyclg- is depicted in Figure 2. Referring to Figure 1, '/t is apparent ,

~ that there are’only two pressure levels 1n\this system, friction loss
being ignored, Vapor fis compressed from bL at 1 to PH at 2; condensed
lTiquid at 3 is throttled with no work output ‘from Py to p at 4, The
existence of the two pressure 1eve1s allows evaporation of the refri-

“‘. gerant at a low temperature, and condensfation of the same fluid at a

" higher temperature. Heat must be tfansferred to the refrigerant to
produce the evaporation, dnq it is in this low-pressure he&t exchanger
‘where the refrigeration effectifis achieved. This heat is transferred‘ .
from a secondary fluid which passes through the evaporator. (usually air,
wate'r’ or secc;ndary toolants). The cooling medtum passing through the‘

condehser, carries away the sum of the heat energy absorbed by the

refrigerant in the evaporator and the contribution of the work of

’

2
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sure to operate properly. In either case, failure

19}

@ RS

compre' ion, suﬁpHed in the compressor.

\ A
d

‘ Forty-five percent of ré;;;geration systems "u'.f;i’ng air as the iecon- _
dar fl'u'id in the condensation process are/outdoor unfts,~that is, the 1
condeqéere is 16cated ‘outdoors [1]. ai{ transfer theory dictates that 'the
refrigerant must be condensed a temperature higher than the ambient
temperatur;e. Th;refpre, during the sc‘lmer'the system 1s forced to work
at relatively higl? ‘::anpressiqn ratios. As the ambient tmper:ture falls

in the winter, tﬁe system will condense at a lower temperatur-'e. To

prevent the condehsing pressure from dropping in direct proportion to

the ambient temperature, various forms of controls have been devel oped.

The philosophy behind their mandatory use being that without sufficiently
high condensing pr-es's.ure &uring low ambient temperature operation, the
system can experience both running-cycle and off-cycle problems [2, 3].
The terms"runn'lng cycle' and 'off cycle' are employed by the

refrigeration 1ndus,£ry to denote whether the compressor is running or .

A ¢

not. Two running-cycle problems of primé concern are:

(1) Since 'ghe pressure differential across the thérmo-
static expansion valve port affdcts the rate of‘ ' /
fefrige:rant flow through .it, low condensing pressure
generally causes insufficient réfrigerant to be fed
to the evéporator drastiéa'lly @ecreﬁi ng the capacity
of the system [2]. |

Y(z)' Any system using Hot gas for defrost or compressor

capacity contro}, must have a high copdenging pres-

to have sufficient condensing pressure will result

in low suction pressure and or iced evapor‘étor coils [3].

¢ ' ' .



The primary off-cycle problem is the possible inability to get the system

'starting if the refrigerant has migrated to the condenser. Migration is

the off-cycle mass transfer of refrigerant from a higher temperature point .

of'the system to a, lower temperature point. The evaporator pressyre may
hot biild up to the cut-in point of the low pressure’ control and the
comﬁressor cannot stapt even though refrigeration is required. Even if
the evaporator presgure builds up to the c¢ut-in setting, compressor

cycling could result.” This is because the thermostatic expansion valve

may nBt open to feed sufficient refrigerant to prevent the evaporating

pressure from dropping and when fhe’gvaporation pressure reaches the

cut-out setting/zhe compressor will stop [2].

There are threeimethods'of preventing the condensing pressure from

dropping when the ambient temperature decreases: ' Q’

(1) Cycling the condenser fan (s) on and off;
”5(2) Varying the*speed of the condenser fan motor to change
the air flow passing°throughlthe condenser;
(3) Reducing the available heat exchange surface by fiooding

a portion of the condenser tubes with liquid refrigerant.

The last,meihod is considered to be the most reliable and best suited

for 1pw ambient temperatur"es‘.

I ™

Figure 3 ilTustraiﬁé that as the condensing pressure drops, the
compression r3tio decreases, the refrigeration effgct (Btu/1b) in the
evaporator increases, and the power consumAQifn decreases. Therefore,‘-
if a system is able to operate ‘satisfactorily‘at low condensing pressure,

its coefficient of performance and equipment 1ife will increase.
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_The abjectives of this thesis are: .

(1) To design an outdoor afrcooled refrigeration system
that operates at varying ambient temperature condi- .
; t%ons by allowing the c fidensing pressure to drop
as the amBient temperature falls;

(2) To study experimentaﬂy the advantages and Hmita-

L]
Y &

tions of such a system;
/
(3) To predict analytically the performance of the 'system

and compare to exper‘lmental results.

€



CHAPTER 2

, y The

i (1),

(2)

f

MODIFIED OUTDOOR AIR-COOLED REFRIGERATION SYSTEM DESIGN -

advantages of increased cap#ity, reduckd power consumption

and increased ?quipmen§>1jfe materfalize when the condensing pressure

is allowed to drop in proportion to the ambient £EMperatﬁre. However,
-at reduced condensin§ pressures and consequently reduced compression
ra?ios, a number of conditions not met by thé convéntiona] refrigeration

system must.be satisfied by the modified system as follows:

At a fixed evaporating préssure. supply a constant
refrigerant mass flow to the evaporator, indepen-
dent o% the pressure difference across %he expan-\
“sion valve; .

Allow the condensing pressure to drop to some mini-

mum value beyond which any Qgrther reduction will result
in Toss of capacity or poor expansion valve control.
Maintain this minimum pressure as ambie;t tempera-

ture continues to fall;

Control room relative humidity by varying the

heat transfer capac{l} of the evaporator coil as

the system capacity changes. Thus, balance the

evaporator coil to the remainden,of the system at

all times so that the temperature difference between

room and evaporating temperature remains constant.
N . ‘ ‘
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2.1 THE_EXPANSION VALVE PROBLEM

v

Flow through the expansion valve is proportional to the pressure
difference across it and the area of the orifice through which expansion

takes place. Expanpsion valve performance is described [4] by:
N, .
\ 2 ;
2Cd AO gC ° ®

density of 1n1et\flﬁid

x
=
o
s
L
o .
]

L0
0

volume flow rate through the orifice *k\

(]
]

d discharge coefficient
A = area of expansion orifice- - .-

conversion constant

[Te]
0
L]

If the mass flow rate is to remain cons%hqt‘ks the pressure drop across

the expansion valve orifice is reduced, then the orifice area Ab must

K| . B
nCﬁé}E /

s

First consider the conventional thermostatiéiexpangion valve illus-

trated in Figure 4. ¥1gure 5 ‘shows that the—operation of the expansion

valve is determined by three fundamental pressures:

(1) Bulb pressure.P] acts on one s{de of the diaphragm
and creates an opening fprce;

(2) Evaporator pressure Py, supplied through the externa%
equalizing tube, acts on the opposite sidé of the
diaphragm qhd'tends to close the valve;

(3) Spring pressu;; P3, which also assists in the closing .
action, is applied to the pin carnier\and is trans-

mitted through push rods to a byffer plate on the

evaporator side of the diaphra
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When the valve is moduTating, bulb pressure

pressure plus the spring pressure

‘Pl = P2 + P3 - . (2’2)‘1

" When the same refrigerant is used in both the thermostatic bulb element

and rgfrigeratign system,‘eacﬁ'w111 exert thé same preséu?e if their \
temperatures aré identical.” After evaporat16n of the liquid refrigerant .
in thé evapora;or the suction gas is suberheated; however; thg evaporator.
pr;§§u(s/(neglect1ng pressure drop in the evapoﬁator) 1§ unéhanged. The |
expansion valve bulb, which is Tocated at the evaporator outlet, senses

the temperature of th1§ superheated vapo}. Since it contains a satu- -
rated 1iquid vapor mixture, its temﬁ%raiure and pressure increase to the
saturated conditions at the superheéted vapor éemperature. This higher
bulb pressure act1ng on "the top (bulb side) of the diaphragm is greater
than the opposing evaporator pressure plus spring pressure, causing the
valve pin to be moved away from the seat. The valve is opened gnti] the
spring pressure, combined with the evaporafor pressure, is sufficient to
balance the bulb pre§sure. Figure 5 is a curve of closing force versus
bulb tempergturg sggﬁfng the relation of closing force, opening force,

and superheat.. I¥ the valve does not feed enough refrigerant, the
evaporator pressure drops or the bulb temperature is fpcreaseq or bath
an& the valve opeﬁs, admitting more refrigerant until the three pressures
are’again fn balance. ConJerse]y, if the valve feeds too much,refriger;nt.
the.bu1b temperature is decreased, or the evaporator pressure increases
or both and the valve tends to close until the three pressures are again
in balance. With an increase in evaporator load, the 1liquid refrigergnt
evaporates at a faster rate and increases t;e evaporatqr pressure. The

higher evaporator pressure results in a higher evaporator temperature

—




B late to control the superheat. As this partially’ ¢l sed position comes -

and a corresponding1y higher bulb temperature. ‘fhe additional evapo;

’rator pressune acts on the bottom of the diaphram while the additional

. bulb pressure acts on the top. Thus, the two opposing pressure increases

on the diaphragm, cancel out each other and the valve adjusts easily to
the new load condition with a negligible change in superheat range.
However, when the load varies drastically, the QQ@ve pinlis already in.

a partially closed position about which it must s£\11 be able to modu-

closer to the fu11y closed position and the valve att mpts to modulate,
thelamplitude of the modulation is increased considerahly and the valve
is said to hunt [5]. At this point the control has reached a state of
instability. ) K

Testing has shown that this instability usually occurs at approxi-

‘mately 30% of-the valve's rated capacity [6] and is caused primarily by

high expadsion valve inlet pressure acting on the top portion of the
valve pin. Although this pressure is acting on a very small area, it
results in a force o;posjng the spring and evaporator pressures. Since
expansion valves in conventional systems are operated at fixed pressure
differences across thgg}:f}is force is balanced by providing a stronger
spring to oppose it. As the condensing pressure decreases,the force
acting on the valve pin is also decreased and, an 1mbalanci fs now
created by the portién of the spring force originally.desjgned to balance

the entering 1iquid pressure force at high condensing pressure [9].

In the modified system, the condensing pressure willl be allowed to

drop propOrtionally with the ambient temperature thus reducing the pres-

" sure differential acfosg the valve. Figure 3 depicts two refrigeration

3.

/, /
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cycles; one operatiﬁg at high condgnbing bressbre (summer operation:
T-2-3:4:g-6-7-8-9-1) and tﬁe o§ﬁer at Tow condensing'pressdrg‘(wfntéidJ
operation: 1-2'-3'-4'-5'-6'17;-8'-9-1). Thus fér maximum increase in .
system'capacity the mass flow rate;mﬁst remain constant at low and high

condensing pressures.

Using equation (2.1);

(P.-P_)(2€3) A2 g. =
2 - 6 8 - d° 5 ¢ ‘for summer operation (2.3) -

m
6

/

2 2
, .+ (Ps'-Pe N(2CENE g,
Y

. ©om, - for winter operation (2.4)
6 \ '

. N

Designing for maximum capacity 1ncﬁ$ase, the mass flow rate at the

two condition must be equal. \

(Pg-Pg)(2C3) AZ g (g.-Pg.)(2€3) AZ g

ng = mZ, = - — (2.5)
6 6 /
7
thus ( . : v .
: Pe=Pg) o “
2 _'67"8 6
A" (Pg1=Pgr pgr % (276)
' therefore ( ‘) " . ,
ps'PB o] " .
A-J —— (=) A (2.7)
W (Ps.-Pe,) pﬁ. S | ‘

From Eq. (2.7), the expansion valve throttling port at the winter

condition must be larger than the corresponding port at-the summer
condition by .

T
APw Ow ) ;

whereffhe subscriﬁts s and w refer to summer and winter conditions

respecf1vely.‘
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If the expanrsion valve for the modified system is selected to satisfy the -
winter condition, it will be oversized'in the summer when the maximum
capacity of the system is reduced and the orifice size of the valve

must .be sm‘a‘nerﬂ A conventionq] valve can, in most cases, modulate at
that maximum load summer condition, but as the load is lowered, the = — .
expansion valve will attempt to modulate closer towards the closing |
position to reduce the refrfgerant f]gw rate and the valve will enter |
its unstable zone and begin hunting. Several trial installations by the
author have shown that conventional expansion valves used fin a system

where the condensing pressure is allowed to drop with the/ambient

temperature become erratic in-operatfon at low load summer conditions.

The valve required, in this type of a system must
have exceptional stability with the capability of modulating without

"hunting" at a very Tow percentagé of its rated capacity.

,

An expansion valve with these features has recently been intro--
duced on tse market. It .'15 a fully-balanced port valve with the capa-
bility of modulating down to 5% of its rated capacity [8]. It repre-
sents a basic change in, tﬁe design approach for thermostatic expansion

valves. Figure 6 illustrates a schematic cross-section of the outlet

chamber gf the balanced port valve. The three forces Py, P, and P4

act in the same manner as the conventional expansion valve discussed

earlier. __

Force P, is.exerted by the entecing liquid pressu;-e acting 1in th'en '
. e )
opening direction. However, the same 1iquid pressure is transmitted to
the underside of the piston seal and also,aéts in a closing direction.

The area of the'main port is equal to the'area of the piston chamber

e — e v e M
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bore, and as a result, these forces cancel and the piston bos*ti“on is

\

independent of entering 1iquid pressure. Since the ‘fﬁston is \1\de-
;en&ent of entering liquid pressu/re, excellent confro! étabi'lit} aﬁ}
be expected at considerably less than design preséur‘é differential
acr(;ss the valve port [10]. - S
' . \
'\

In summary, the thermostatic expansion valve util{zed in the \

mod{fied sthem must be: 4 \

(1) a ful]y—ba]anced. port valve with the ability
to successfully modulate at a very low percentage
of its rated capacity;

(2) selected so that its orifice permits the summer
design mass flow rate at ghe winter Towest bres- ,

\

sure differential across ﬁ;.
" \

2.2 CONDENSING PRESSURE CONTROL SYSTEM

. The modified aircooled outdoor refr'lg,eration system will /allow the
condensing pressure to drop proport;lonal'\\l y with the ambient temperature.
'Fi_gure 3 shows a modified system refrige}-ation cycle in summer and
winter operation. For the purposes of dikcussion, the summer cycle will
be considered first. Subcooled liquid ]ga\\yes the condenser at 5 and,
after sustaining ‘pressuré loss and heg)g»a'i\n (or further subcooling,
depending on the tempera‘ture'o.f the surroundings tl;rodgh which the liquid
line passes),'it enters the thermostatic expansion valve at 6. Proper

_ expansion valve operatio_n depend’s on satu;ated or subcooled 1iquid

supply. It is obvious that {f point 6 enters ‘the wet vapor region on

-

.




'extremely diff1cu1t to achieve and therefore, a minimum differential

. ." —lééﬁx N “t\ ’

w~ ) Nd

, g oo . .
the P-h diagram, loss of refrigeratiow’capacfty and poor expansioh~va1ve'

control will result In°conclusion, point 6 can only be alloweﬂvto drop

" to the saturated 11qu1d line. From the control point of view, this is

pressure will bd maintained bq%ween ﬁtfnts 6 and 7.

Figure 3 shows that as the coﬁdgnsing pressure drops and approaches

the evaporating pressure, point 8 at the outlet of the expansion valve

may move to the subcoded 1iquid region. A portion pof the evaporator will

" be used to saturate the liquid refrigerant before evaporation takes

pldce. Again, loss of evaporatof capacity will result. This condition
I .
be prevented if a positive difference in pressure between points
and 8 exists. Two controls will monitor the difference in pressure .

between points 6-7 and 7-8, and when either one reaches a minimum set

oy
difference in pressure, the condensing pressure must be controlled as % .

«d o

the ambient temperature continues to fail. o ‘ S

s
T

In designing the control, the pressure at points 6 and 8 can eaé%ﬁy
be sensed through a c§b1]1ary tube connectéd at the ttlet and outlet of
the expansion valve respectively. However,:thé state at point 7 occurs
during the expansion process and, as such, cannot be measured directly.
States 6 and 7 always exist at the same temperature. By sensing the
temperature at the inlet of the expansion valve with a bJ]b partially
filled with liquid refrigerant, the saturated pressure.of the refrigerant
at that temperature will be exerted on the d;aphragm, as shown in’ figure
‘7. When the refrigerant in the bulb is the same as that in the system,
the préssure in the bulb will be that tf point 7. For accurate ‘control

it is imperative that the 1iquid vapor interface of the bulb-diaphragm

8
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assembly be loacated in‘the(bu1b under all operating conditions.
. B . B - L :' )
Figure;] illustrates the schematic diagram of the differential
5

pressure control. The bulb senses the temperature of the subcooled .
9 -~

. lquid nefrigerant entering the expansion'éal!e andfexerts a pressure,

P,, on ehe d1aphragm'equa1'to the saiugated pressure at the 1iquid
temperature. The resulting force F, acts on one side of the fulcrum. °
Pressure Psxet the entrance of the ekpansion velve is appiied through

a capji]ar& tube to the adjacen; d1aphfagm/and creates a second fdrce

,. p:at the other side of the fulcrum. A third force F_, opposing F,

is generated By a sprind:

—

. ' Y
The force diagram on figure 7 shows that when F_ > F_ + F_, the

angular position of the Jéeer'is such that contact is not made at the

]

- . . R -

switch. As the liquid entering the expansion valve approaches satura-:
tion F =~F + FS and the lever closes the contacts of fhe elecfédcal* &
switch. A similar control with the bulb 1ocated at the entrance of

“the expansion valve and the capilTary Tube a? the out'let will monitor .

+

the pressure difference between P, and P, of figure 3. ﬂ

As was previously stated, when either one of the d1fferent1a1
pressure contro1s measuring the difference in* pressure between states
6-7 and 7-8, reaches 1tswm1n1mum set pressure differential, the conden~
sing pressure must be preﬁented from dropping fur:her as the ambient
temperature continued to fall. To undergtand the method employed to '
accomplish this, it is important to described the condensing pressure contro1
valve presently used in the major1ty of conventiona] air cooled’ systems in

o -

which the condenser is located in the outdoor environments. : )

P e Ty T T Y
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Figure 8 depicts a conventional refrigeration system using a
) condensing pressure control- va]ue auringrhigh ambfent temperatufe
conditions, 1iquid refrigerant from the condenser enters port C and
. leaves through port R to. the 1liquid receiver When- the discharge
- ﬂ"pressure drops beiow the vaive setting, thevvalve modulates to peﬁii[”
) discﬁarge gas to enter port B.”-Meteringtdischarge'gas into the liquid
refrigerant prdduces a higher pressure at the condenser outiet thus
s ‘ reducing the flow and a]lowing the 1eve1 of condensed Tiquid refrigerant .
to rise in the condénser. The fiooding of }he condenser uith quuid
refrigerantereduces the available heat exchange surface area and increases

the operating temperature~differgnce between ambient and condensﬂng :

»  temperatures. . ‘
. ' &.. . ) . oo \

‘The condens fAg pressure contro] valveiiiustrated in dbtaii in y//f\\F”
Figure 9.1in a three way modulating valve. The push rod is an indepen- Ny
jdent piecg which is fixed neither at the diaphragm nor at the valve disc.
:The dome on the top portion of the controi makes up a ciosed system with
the diaphragm and is pressurized with nitrogen at a fixed pressure, Pc'

This pressure causes the diaphragm to exert a force F on the push rod

A
attempting to open the discharge gas port and bypass discharge gas to
‘“he receiver through the liquid line. The discharge gas pressure, Pd’
opposes the dome pressure through a passage providing pressure 6n the
‘underside of the diaphragm. This pressure creates a force F opposing "
Fél A spring force F_ is also excerted oh the valve disc in a direction
" acting to c]ose the discharge gas port.. -

When tne discharge pressure, Pd’ is higher than the dome pressdre

- . )
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' posiiion away from discharge gas valve seat in

Pc,xthe resulting net force Fc'FH acts towards the inside of the dome
so that no force 1s exerted on the push rod. In this conditioéfafhe
spring fbrcgﬁjf the only force acting on-the valve disc~and provides
a closing force. The spring force acting on the disc when the discharge ~
valve port is closed,is"‘:’FSc and the positfon of the valve disc is
referenced as x = 0, where x is the travel of the disc. °
When_the discharge presgure,‘Pd, falls below the domg pressure,

Pc, as the condensing pressure drops due to a lower ambient temperature,

‘a net force chFd is- transmitted by the push rod to the valve disc and

%
. opposes the spring force—Fsc. The expression (Fc-Fd) - Fe? 0 describes

the opération of the control until the force difference Fo-Fq = Fgo and

the valve disc is balanced and ready-to open. "It is still in the

position x = 0.

As the ambient temperature falls further and the condensing pressﬁre

falls proportional] the force difference Fk Fd increases and overcomes

\

the spring force’F and begins to open the discharge gas valve port.

o/

k-3

The valve disc moves to a new position, x = x,, where-the springuforgg
Fs = Fsc; kx can balance the force diffErenFe Fc-Fd. The expression
that describes the control from the point that the forces on the valve
disc'are balanced and its pos1tjpn is still x = 0 (that 1s..thé valve
disc is ready to open) is (FciFd) - Fsc' kx. It 1; obvious that as the
force difference F_-F, increases, the valvet(giizjill open to a new

er to balance the

" forces.

Figure 10 iilsutrates the head pressure contiol valve used in the

J - B B O
J
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modified refrigeration:systems where the condensing pressure is allowed
. to drop with the ambient temperature. ihe point at which the condensing
/Lressure fust be controlled is variable and depends on the amount of
1iquid subcooling and pressure drop in the quuié line.‘

%, '
Therefore, a condensing pressure control with a fixed control

pressure cannot be used.

L

The dome-diaghram assembly consists of a closed system with the.capillary

line and bulb, and is charged with liquid refrigerant. As in the case
of the differential pressure control bulb, the T1iquid vapor interface
must be located in ihe bulb under all operating conditions.’ When the
modified refrigeration system.is opérating at Varying‘condensing pre-
ssures, and neither one of the differentia] pressure controls used to
monitor the pressure difference between states 6-7 and 7-8 of Figure i
has made contact,rthe condensing pressure control of Figure 10 is in-
operative. That is, the discharge gas port is closed. The bulb senses
the ambient temperature and exerts a pressure on_ diaphragm equal to
the saturated pressure of the refrigerant at the ambient temperature.
Since the condensing pressure is higher than the ambient tenperature.
the discharge pressure acting on the opposite side of the diaphragm
higher and the net pressure differential acts towards the inside of
the dome. No force 1s exerted on the push rod and the spring force keeps
the valve disc closed against the discharge gas port.

- - é‘ -

When either one of the differential pressure controls senses f{ts
minimum setting, the electrical contact is ciosed and power ‘s supplied
to the heater wrapped around the head. pressure control bulb. The vapor

\

(
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pressure in the bulb is increased as a result of the heat input, and - A
when the resulting force is sufficient to overcome fhe discharge pressure

force ‘and the spring force, the valve disc begins td open the discharge

&

gas port and the condensing pressure is increased. T increase in

:bondensing pressure is caused by the differéntial pressure controls and

\

. the electrical contact that initiated the control action will open cut-

ting power to the heater and the cycle will be repeated.

i
!

y



CHAPTER 3
THEORETICAL ANALYSIS

. Equations used to date to predict compressor performance have been

- developed for the jideal compression cycle and reflect great discrgpan- -
'b cies from the pefformance of the actual compressor [9,10]: The complex-
ity of the compression; expansion, suction and delivery processes of\
the actual compressor makes a piu-ely theoretical .analygis\extreme'ly
difficult. It is not within the objectives of the -thesis to carry oﬁt (
such an _analysis,' but rather to find equations that allow for closer ’
prediction of volumetric efficiency, system capacity, compressi\on efﬁ-
ciency and powey coﬁumption. 1This is done by utilizing data whiqh are
available from compressor manufacturers or can be easily obtained from
an installed éystem.~b “
3.1 RECIPROCATING COMPRESSOR ?ERFO&!_ANCE
'(fons'ider the 1&ea1 compression cycle assuming that:
\ | . , '
(1) The compression and expansion processes are
o polytropic and, for convenience, the same
polytropic exponent is used; ‘ : )

(2) The suction and del ivery processes occur at

constant pressure and temperature.

\

Figure 114s a pressure volume diagram of the ideal cycle of a reciproca- .
ting fompressor with clearance volume. The total work, of the cycle is

the sum of the work values for each individual process. For each . process:

W= s PdV (3.1)



19

In accord with assumpt'lon 2, processes 4-1 and 2-3 are' constant pressure
processes; therefore the work can be expressed as:

1

Wy = J7 PAV ' (3.2)
| J/ =PV -V) / (3.3)
and | . - =’P2(V3 - Vz)) S, (3.4)

-

Assumption 1 states that for processes 1-2 and 3-4, PY" = ¢, The work

for process 1-2 is represé’nted..by:

2 2

i _ } 1
W, lf PdV = 1! de . | (3.5).
. 2 5 ‘ -
Can Vs L o .(3.6)
, Ty oy . '
and for process 3-4, by:
- n Lt ‘
Wo, =Py V3 de o (3.7)

The total work for the ideal compression cycle is expressed by:

2 - ¥
apyl ] n 1
“ror * PV o v + P,(V,-V,) + P,V o av + P (v,-v,)  (3.8)
!

P, V=PV, PuVuPV

-—1-————— + P (V -V ) + —-1—7—- + Pi(VI-V,,) o a . (3-9) .

¢

Assumption 2 states that: ' .
Pp=P, 5 T =T, , (3.10)
p2 = P3 3 T2 = T3 . . . (3.]1)
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Substituting equations (3.10) and (3.11} into equation (3.9) gives the

- following expression:

PZ(VZ-V3) (vl-vl&)

Wror * —T—— = Po(@-Y;) - ===+ P (V,-V,) (3.12)
= 12 [P, (V,-Vy) = PL(V,=V,)] N (3.13)

Figuie 11 shows that

vl-v“ = myv (3.1{)

g1 and Vz-y3 = mV

g 2

where mg is the amount of §a§ drawn in per cycle from 4-1 at T1 and P1
and'discharged from 2-3 at T2 and Pye Substituting equation -(3.14) into

equation (3.13) y1e1d§ the expression for the total work:

e

n *” .
Wror = Mg 7T [Ppv, = Pvi1 v (3.15)

- The work per pound of gas compressed in the ideal compression cycle is

expressed as:

n’ P, L
s Plvl['f)?—l -1 g - (8.36)
or ' :
W = ﬁ%T Plvl[(i%)? - 1] (3'17l

. . \
,‘ A}
o
4 s

3.1.1 COMPRESSOR VOLUMETRIC EFFICIENCY

)

By definition, volumetric efficiency is the ratio of the volume of

gas induced per revolution to the swept volume per revolution.
B P v \
n . = —nd o : (3.18)

vol vs

el g
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Continuing to make reference to the ideal compression cycle of Figure 11,

the induced volume into the compressor is expressed by:

®

vind (m +m )v -m.v, (3.19)

G

"The comprassion and expansion procesﬁes have - been assumed to be poly- ‘

tropic; therefore

n_ e n Nn_ec oop g )
Pv; = C= Py, and Pyvy = C, Pwyu (3.20) E

The clearance volume V » corresponding to V on the pressure volume

diagram is expressed by . ' !

-1/n

K vc = mcvuRc (3.21)
where Rc is the compressipn ratio and is defined as:
Py
Rc 'i,—u- (3.22)
Therefore
v 1
m.v, ——i/n chc (3.23)
c

Combining equations (3. 23), (3.19) and (3.18) yields the following expres-

/

sion for volumetric efficiency

' 1/n .
. (m +m_ ) v -V R
) Nyol = ¢ %, 1 cc (3.24)
s '
= —-v—ﬂ— -7 R , (3.25)
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The clearance volume ratio, C, is defined as: .

Vc ‘
C =v - (3.26)

] . ) K
s, .

where Ve and vS are the clearance volume and swept volume of the compres-

"w*f\\\y ‘ ~
sor respectively. Furthermore, figure 11 {llustrates that -
V1 =V + ¥V, and V1 = ('"c + mg) v, (3.27)

which, when combined with equations (3.26) and (3.24), yield the equa-
tion for the volumetric efficiency of the ideal compress}on cycle,

Vg +vc 1/n

‘n =y c Rc (3.28)

{‘

i 1/n ,
=1 - C(R, -1) , (3.29)

nvo]

The efficiency obta1n§ from the equat! e gives values consi-
X

derably higher than can be €xpected [4]. The actual compressor experi-

ences losses in efficiency from:

. (1) piston leakage,
(2) valve 1éaka§e,
(3) .throttling e ffects

and (4) oi1 entrainment. .

The highest percentage of loss is contributed by vaive leakgge and piston
leakage. High speed photography of refrigeration comp:ressor valve move-
ment [5] has shown that the“valves (usually the reed type) reach a state
of undulation and at high compression ratios the valve actually never’

- closes tight against its seat. The complexity of this probliem makes
analytical predictﬂ;' difficult. |

iﬁ P e’
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To allow for these lTosses in efficfency, an ‘effective clearance
volume ratio, ce'ff’ can be found for uiée with equgtion (3.29) by using
pumping data available from compressor manufa.cturers, c;r easily
attainable on an installed system. This‘e‘ff‘ectivg clearance volume
ratio is assum;ad to be constant throughout the olperat'ing range of the

compressor. The Simplest test that prbvides the required data s the

- blanked suction test. In this test, the compressor suction valve is

closed and the compressor is allowed to pull a vatcum. By recor"ding the
minimum suction pressure attained by the compréssor and the discharge

pressure at that condition, the compression ratio Ro' at which the

volumetric efficiency is equal to zero, can be evaluated as follows:

=0 = 1/n : ’
Myor = 0= 1 = Cope(Ry = 1) (3.30)
where R = Absolute Discharge Pressare (p«kﬁ?ted suction test)
o Absolute Suction Pressurd{tlanked suction test)
and Rc a R0 when "ol = 0
4 g

It follows, then, that the effective clearance volume ratio, ceff’ is

expressed by:

1 _ .
ceff = m ' (3-31)
0

-

Substituting equation (3.31) for the clearance volume ratio 1n equation

(3.29) yields the expression for volumetric efficiency with allowance

foralosses,

- (RC] /n - -I)
nvo] =] -am . ’ (3,32)
\ 0

e e YL — e et ¥
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3.1.2 ca'apm-:ssrou EFFICIENCY

~

| To identify the factors which 1nf1uence compression eff1c1ency,
_standard indicator may be employed. The indicator recreateés a 4
difagram of events in a refr'lgeration ;ompressor cylinder. The diagram, )
known as an indicator ca\ri\wﬂ] be used to investigate comp")ession effi-

ciency. Compression efficiency is defined as: ' . B

_ theoretical power - ., ot
1nd1cated power .7 (3.33)

S.R. Hirsch’ {6] has suggested that compression efﬂciency can be obtained

from the indicator diagram by considering the several areas of the actual’ 2

v

indicator diagram illustrated in Figure 12.

area abcd ' (3.34)
¢ ~ area abcd + area adk ¥ area blc :

n

Area abcd reflects the useful work done between P, and P, and can be con-
sidered a5 the theoretical power. T’he to‘tél area. of the. diagrams (area
abcd + area adk + area blc) repres.ents the actual compression worl;.

The work required to force the gas through the d.'l sc¢harge and suction

valves is represented by areas blc and adk respectively.

Dividing each term of equation (3.34) by L, the length of the 1ndi- \
cator diagram representing the swept volume of the compressor results
1“: N . '4
area abcd
(3.35)

Ne " area abcd . area adk- , area bic.

L T L

For the ideal compression cycle, the area of the useful worK in the

N

pressu::é votume diagram divided by the swept volume yields the mean

effective pressure (MEP) . Therefore,,

<



.’?5 -

: . n-1/n . B :
MEP- = areaLabcd L N-T¥a vc (3.36)
. - ~ a B
- The compression gfﬁciency equation is simply expr by:
_ o | :
- MEP . ' . ' .
¢ MEP + argaLadk . areaLblc, , ' (3.37)

-

» * To investigate the work areas adk and blc, the following assumptions

are made

-

*

(1) The work areas adk.and blc are assumed to be
equivalent. to rectan§u1ar areas;

(2) “The Tength of the rectangular area depicting
the suction valve work adk is equal to the Tength
L of the indicator diagram representing the
swept volume;

, (3) Neg1e’6t1ng the e'ffe‘ct of cleg:'ance volume, the

length L, on the indicator diagram follows »
the relation

-T‘/n . .
|.2'Rc ’ L.

From assumptions 1 and 3 above, it follows that:

area bic ;,a(rea bghc _ area bghc , AP, . (3.38)

L L LZLR_I'/n Rlln

* y

= _aLe_E_b_ggg and represents the pressure to be overcome by com-
2 ‘
pressor during discharge. Similarly, from assumptions 1 and 2 results

the expression:
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area adk _ area amnf _ AP (3.39)
L L 1 Aa

-

wherei API i‘s’the pressure differential required to permit flow in the
compressor cylinder during the suction process. Substituting equations:
(3.38) and (3.39) into equation (3.37) results in an equation that
pemits the use of fluid mechanics to evaluate the effect of pressure

losses on compression ‘éfficiency.

. MEP
MEP + 8P, + APZIR] /n

n =2

. . - (3.40)

P

3.1.2.1 VALVE EFFECT ON COMPRESSION EFFICIENCY

Consider the valve, whether poppet or reed, as a flat plate extend-

ing into the gas stream. A drag force is exerted on the valve and has

the form [1 2]’:
3 .]_ 2 A . | . \
F 5 GD oV A ) | (3.42)

" where | GD = drag) coefficient ' . "o
p = density
V = velocity of gas stream

-~

A = projected area of valve perpendicular to strean\\

expressed as: ' , e

=1 72 ,
8Py =z GV o B

An additional pressure differential to be uver;éome is experienced e

lal

from the throttling of the gas as it 1is forced thrdugh the valve port.
I '

: \ ) ds

14
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This pressure differengial is given by [12]: " S
. 0q2 B -
€ 2 2 .
t ch A° 9.

7 AP

n

From the definition of volumetric efficiency, the induced flowrate.is: -

Q L4
, s n . = number of cylinders
a Y . . ‘ ' ’
g S Ne “c v whgre Sc = compressor speed

Substituting equation (3.44) into equation (3.43) yields the expression

for the pressure differential to be.overcome dueatb throttl1né as:

e
~

- 2.2
3 st ny
apy = —=

2Cd A& 9.

L]

At both the suction and the discharge vaives the préésure differ-
ential to be overcome is comprised of a component due to the drag arfd
a compodéﬁt due to throttling. As shown in figure 12, AP1’ is the pr;L-

sure difference at the suction valve and, 8p,, 1s that at the discharge

valve:
s = Apy, + AP ¥ (3.46)
/ AP = AP 4 AP, - | . (3-4‘7)
-2 D2 t2 .1 :
J

Combining-equations (3.46), (3.45) and (3.42) yields an equatiom

<

describing the gréssure diffefénce required'at the suction valve ‘to

2

permit flow:

. B 2 G,p, n2 .
= Vo4 2.3V T
AP1 G1 pa Va + a2 . ) . (3.48)
" - s
D * G 2 ¢ g V.n . »
' . a D . $ "¢ ¢y = S Vv
where Gl 5 3 ,GZ Va I (3.49)
- . I3 . 203 g s .
g . c
o o~ ‘

(3.43)

(3.44)

(3.45) -

P
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B: *number of suction ports BRI

A, = suction port area . B ¥

-

Sul;stituting equation "(3.496) into equation (3.48) , ard rearranging
s > .< . . '
expressidn (3.51) is'derived:

N 2 * . .
. 4 2 2 , .

AP mp, g [ . (3150) -

: B2 A2 A . S

. S
K o, n2 o (3.51),
f
where. _ E . . o B o .
B IQG vz G ) s ’a
Kow Sy E . ' . (3.52)
. bz Az A . ’ ,

3

¢ £l

Similarly, the expression descrfbifng the pressure to be overcome at the

- $
discharge valve is, 3

o

4 “

-~ AP, = l('2 °b n% ) (3.53)\
~ ‘; . ‘ !

and from the assumption that the cthress}on process 13 pd’l ytropic and

fo‘Hows the expression F’v"l = c, it can be reduced to:

-

I 1/
/APZ Kz Pa R¢ . (3.54)
v N 2‘° N oo .
where Gl vs Gz B A
K2 B — * —_ © N /? i ’ (3-55)
62' Ad .Az . - . ’

d

> a = numbér of discharge ports

a

)
X

Ad = discharge ;)ort area |

t * -

Using equations (3.51), (3&54) and (3 40), the: compression efficiency

o <

K 3 found from:

W o~
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n, »—— NEP . (3.56) -
¢ MEPs’wI(1 pa"v+K p. n2

2 a v
PR S
f

Substituting equation (3.36) for the meA{L effective pressure into
equation (3.56) - - R ‘
P [R n‘lln - ]] ' ' . ' [
ne = § (3.57)
n—’-"l' PI[ch-Mn B ]]T+ Ka Pa "\zf : -
Where Ky = ¥, + K, - - : L

The compression process has been assumed to be described by P Py = c.

Therefore, v ‘

= FE'T Pl[ch-] n. 1] .
v« c & -1 p, !/n (3.58)
TN G | e )

v

v

Dividing the numerator and denomenator of equation (3.58) by"P1 yields

the final expression for the compregsion efficiency:

-

'rT-QT [ch-I/n - 1]

. c s Yo :
. n n-1/n l-n/n , .
N . ’-)‘-I':T_' [RC - ]'] + K l:’”1 nv o ,

where K= Ky C"/" . .

c .
The brakepower of the compressor is expressed [4] by: N
thp:n |

) bps-—-—-——- W

n
ng “mech in "mot

' where thp = theoretical pbwer
‘ “in\' power input

Mpech = Mechanical eff;cien;:y - . Ty
Mot = motor efficiency

TN, e
=Y T N 0 st e ey,

\3
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- Rearranging equatfon (3.50), the compression efficiency is described by:

Fl

. th
P My ‘ ‘ (3.61)

E n, =
. ¢ "1 n r‘me?h Mot

[” ’ v
To calculate the ccmpression«e{:iency at any condition of'ogerat‘lon

;-
; / g using equation (3.59), the consdapt K must be evaluated. When the

power consumption at a condition is known, equét1on (3.61Q) is used to

calculate the compression efficiencyat that cbnd1tion. Substituting
\ this value into équation (3.59), the constant K may be found.

' ' \ . 3.1.3 SYSTEM COEFFICIENT OF PERFORMANCE

‘e

The coefficient of performance of the Rankine-refﬂgerat\ion cycle

is defined as the ratio of system refrigeration effect to the power

.the cycle depicted in figure~ 3, and realizing that the greatest portion

i
l
I
| .
l input used to create that effect. Referring to the P-h diagram of
|
|
,} if superheat (Ty-Ty) och‘rs outside the evaporator:

I

’I v

\
. Q (3.62)
'. X Cop = “9 8 | ) . .
Q .. 2 1 } o
/
’ The refrigeration capacity during the evaporation process 9-8 is
described by: ) ‘
4 ) - - - ‘D o h ;-
f Q9-9 vind pl(hs ha) vs ° "v(hs hg)b - (.3'63)

! : From equations (3.60) and (3.17) it is seen that the power input to the

* compressor can be expressed as: ‘

-

L A LR AR

in "6 Mmech hrm)t;

Substituting equations (3.63) and (3.64) into equation (3.62), the

W LA (3.64)

expressioﬁ for the coéf?icient of performarce is found as

- L

.
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3.2 COMPUTER PROGRAM CALCULATING SYSTEM PERFORMANCE

The equations to calculate volumetric efficiency, compression

eff1cifncy, refrigeration capacity, power consumption and coefficient

‘of performance have all been developed in previous sections. Computer

programs h&ve been wrﬁ;ten to calculate the thermodynamic properties
of refrigerants 12, 22, 502. For flexibility, thermodynamic propert

function programs and subroutine programs have been written which can

be easily incorporated into computer programs where values for the thermo-

]dynamic properties are required. These subroutines, originally presented
by Kartsonnes and Erth [13], used property equations supplied by "Freon"
Products Laboratory, E.I. duPont de Nemours aAnd Company [14]. The
constants in the thermodynamic equations whic_h represent the refri ge;'ants

under consideration have been published in references [15, 16, 17].

The subpro‘gra{ns presented have been successfully used and produce

. consistently'accurate results. The calculated thermodynamic properties

for R-12 and R-22 agree exactly with the published data in' the ASHRAE
HANDBOOK OF FUNDAMENTALS - 1977. The equations used to calculate the

- thermodynamic properties of refrigerant 502 have been pubH shed by v

}
Martin and Downing [17] /

The calculation of theAthe'rfmod/ynamic properties is subdivided .into ‘
five subprograms for programming flexibility. Eachnsubprogram repre-

t
sents a basic building block from which future programs may be written.
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A1l of the programs ammrﬂ.\\

——

\
| ) . T
The 1isting o? the program in Appendix I shovgs that at .

“the beginning of edch subprogram, the purpose of the progfamhis. pre-
sented, followed By a description of the input and output parameters. '
Numéron:s comment cards, which are designated by a "C" in c,élumn one,
are disper:sed throughout each progrém to indicate the function of the
cards following. \ 3By means of thesé comment cards and a basic knowledge
of Fortran, the program.listings can be'read in order to follow the

method of calculation employed in each subprogram. L .

- The subprograms SPVOL and TSAT are function subprograms, whereas
the subprograms SATPRP, VAPOR and SPHT are subroutine subprograms. SPYOL
"{s written as a function subprogrém because. specific volume and hence,

de_nsity,of vapor refrigerant as a function of pressure and temperature

is frequently required in refrigeration calculations; TSAT is also a

function s'ubprogram'because the saturation tempEratui-e corresponding to
a.givén pressure 1s frequently desired. Subprograms SPVOL, VAPOR and
SPHQuse function subprogram TSAT to check the validity of the input
pres§ure and temperature combination. :l'hqs, whe_n either SPYOL or TSAT
1’§ used in. the ;nain program ENECON, it is trea_ted'és a function in the

same manner as the Fortran mathematical functions.

3

The following table provides a guide to usage of the subprograms. .
The required property and its corresponding Fortran name are Tisted,
along with the required input parameters and the necessary subprograms

for execution. .

The thermodynamic pr(;perty'subpf'ograms have been employed in the

main program ENECON to péedict the performance of the, refg‘igeratiori system,
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Property Required

Required Input

Parameters

Subprograms Used

for Executfon

FORTRAN Name
Saturation temp. - TSAT
\\'\
Satur:“tibmpgess. - PSAT
\\
Spec. 'vol. sat. Ttq. -  VF
. \\
Spec. vol. sat. vap. - VG
Enth. sat. liq, - HF
Latent enth. vabp. - HFG
Enth. sat. vap. - HG
Entropy sat. 1iq.'- SF
Entropy sat. vap. - SG
Spec. vol. lig. - SVoL

Spec. vol. vap. - - YVAP

Enth. vap. - HVAP
Entropy vap. - SVAP
Spec. ht cons. vol: - cv
Spec..ht cons. press. - CP
Spec. ht ratio - GAMMA
Sonfc velocity - . SONIC

NR, PSAT
NR, TF
NR, TF
NR, TF

\KTF :
NR,

NR, :F\

NR, TF
NR, TF
NR, TF, PPSIA
NR, TF, #PSIA
NR, TF, PPSIA
NR, TF, PPSIA
NR, TF, PPSIA
NR, TF, PPSIA
NR, TF, PPSIA
NR, TF, PPSIA

3

"SATPRP, SPOL, TSAT

TSAT
SATPRP, SPVOL, TSAT

SATPRP, 5POL, TSAT
SATPRP, SPVOL, TSAT
SATPRP, SPVOL, TSAT
SATPRP, SPVOL, TSAT
TPRP, SPVOL, TSAT

SATPRP;. SPVOL, TSAT

SPYOL, T
VAPOR, SPYOL, TSA :

VAPOR, SPVOL, TSAT
VAPOR, SPVOL, TSAT
VAPOR, SPVOL, TSAT
SPHT, SPVOL, TSAT
SPHT, SPVOL, TSAT
SPHT, SPVPL, TSAT -

L~

o f

NR = refrigerated number
T = tmpératﬁra ('°F)'
_PPSIA = pressure (psia) _
PSAT = saturation presSure

(12, 22 or 502)

(psia)

p—

oo

e
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CHAPTER 4 L
EXPERIMENTAL SET-UP AND TEST PROCEDURE

To evaluate the performance of the aircooled refrigeration
system at vanying condensing pressures, a chamber where the temperature
can be controlled to simulate outdoor conditions was built.
For purposes of clarity the experimental set-up used will be described
16 two sections. One specifying the modified refrigeration system to'
be tested and the other descfibing the system used to control the

temperature in the chamber. ®

*

Figure 13 deﬁicts a block layout diagram identifying the locat{on

“of the two systems in relation to the chaT;:r. The refrigeration system:

used to control the temperature in the chamber is located outside the

chamber while oﬁly the evaporators and air handler being located inside.

‘The modified system is similar in design to commercial outdoor air-

cooled systems. That is the complete systém is designed as a paékage
called condensing unit comprised of compressor, condenser, receiver, |
condensing pressure csntrOI valve, filters, moisture indicator, solenoid
valve, suction accumulator, hand shut-off valves and electrical control
nanel. This portion of the system 1s located usually on the roof and

is ;Bﬁnegzsfwzhrough piping to the expansion valve and evaporator

.located somewhere in the building remote from the condensing unit. .In

a similar fashio;t\th\\condensing unit of the modified system to be
. S . :
tested is located inside t e\ggTPerature control chamber and the

thermostatic expansion valve, diffE?engjal pressure controls and

evaporator are located outside.




4.1 MODIFIED REFRIGERATION SYSTEM

Figure 14 111ustrates the modified refrigeration test sytem and
N
a list of system components. Components of primary toncern are
discussed and items such as hand shut-off valves and regulating valves

are mentioned only as to their relation to the test procedure. s

The compressor used is a semihermetic compressor, manufactured by
Prestcold (North America) Ltd., whose specifications are shown in
table 1 of Appendix II. Low ambient temper&ture operation réhuired
that.it is equipped with a crankcase heater to assfst in startiﬁg and

-~ to boil off refrigerani from the crankcase lubricating oil during the

off-c&c]e.

-The condenser has been selected to operate at a smaller than
usual temperature differential between\ambient temperature and

condensing temperature. This is because the heat of ‘condensation of

the modified refrigeration system tested is rejected into the chambef

and it becomes the load for the chamber cooling system. By reducing

this temperature difference,any condensing temperature of the test

unit can be controlled by a chamber temperature higher from the one
possible with a condenser operating at a normal (larger) température
difference. This permits the chamber coolfhg system to operate at\E\\\\\\\
correspondingly higher evaporating temperature where its gapacify is

increased’ and can offset the load more easily. f I

The condensing pressure control valve described in detail in
Chapter 2 has been modified from a conventional condensing pressure

¢ . control (also described in Chapter 2) manufactured by Alco Valve Co.




The dome 1.«; eq‘u'lpp'ed' with f1tt1n§s to accept a pressure transducer .

The refr‘l/gerant in the dome is the same as that of the system
(R-12). -

Components such as Hqujd refrigerant filter-drier (item 13)
suction fi}ter (item-18) and suction accumulator (item 19) have all
’ been selected for n(ihimum pressure drep through them. The filters and
moisture indicator are obvjous in their function and will not be \
discussed. The  pump down solenoid valve iska very important component
and should be installed in all refrigeration systems. During normal
operat1 on the valve is always Go!pen.« When the conpréssor'- is running
and a safety failure condit‘lon occurs such as high discharge pressure,
low suction pressure or thermal ;overload the compressor is stopp;é
immediately by the corresponding control. However when the Joad of a
refrigeration system is satisfied, the conﬁressor is stopped indirectly |
by the jnitiation of the pump-down cyc'le As the operating control
(usuaﬂy a thermostat or a low pressure contro]) senses that the load is
satisfied the pump down solenoid is deenergized closing the liquid 1ine
feeding the expansion valve. The compressor continues to operate until
the suction pressure drops sufficiently to trip the Tow .p‘resshre_
safety control. The effect of the pump down cycle is to collect all
the refrigerant in the liquid receiver prior to stgpping the . compressor
and as a result eliminate the pmﬁ_em of migration during the off-cycle
and also permit an. ea_sier start of the conpressor;. The wiring
d1agram of the test unit, mustrated in figure A2 of Appendix 11,
shows the method in which the pump down so'lenoid is wired in relation

" to the other system e]ectriczﬂ corrponents
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The suction accumulator (item 19) is also an extremely important
device especially in outdoor systems. It; function 1s to prevent
'Hquid refrigerant and of1 from returning to the suction of the
conﬁ.ressor in large partycle form that could cauge valve damage. This
1§ achieved by first collecting the liquid refrigerant and oil in its .
X reservoir and then meter%ng it through an ortfice to the suction gas

stream 1n‘a finely atomized form that can be tolorated by the

compressor.

Item 28 of figure 14 is a safety pressure control (referred to as
c;ua1 pressure control) used to stop the compressor in the event of
excessive discharge pressure or low suction pressure. The low pressure

. sect1lon of the control is also used to terminate the pump down cycle.
Item 29 is a’'suction préssure control which is used as the QMai:i}\g
control. In the test system the suction pressure control contact is
wired in series with the pump down solenoid valve coil and is qsed to

~initiate the pump down cycle.

The, two differentiﬂypressure controls (item 14 and 15) are

prototypes built by Penn-Johnson pontrol Co. [19], accord1ng to the design
requ‘? rements described in Chapter 2. The refrigerant in the bulb is
R-12 and the minimum préssure differential that can be consistently

monitored in 7%psi (48.23 kpa). Test results of the differential

pressure control proilided by Penn-Johnson Controls Co. are shown in

b

fab1e 2 Appendix ‘II,
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The balanced port expansior\ valve described in detaﬂ in
Chepter 2 is a coomercially available valve manufactured by Spor‘l.an "
Valve Co. Smce the introduction of the. balanced port thermastatic
expansion valve by Sporlan .man;y manufacturers have also developed
similar valves. The principle of operat1on used by a1l manufacturers -

I
is identical and the only di fferences are m1nor ones to overcome

patent restrictions. ‘ w

N ~

The evaporat.or used is a chiﬁzr manufactured‘by Standard
Refrigeration Co. It is a tuue-iq-tube multipass heat exchanger'whose
specifications are shown in table 3 of Appendix II. It is located J ‘
outside the test chamber and is ipsulated with eight inches ( 20.3 cm)
of polypropelyne foam. The secondary-cooldhs is eypelyne glycol mixed
with water to a 50% concentration by wei ght -The glycol is drawn from

the reservoir by the pump and after passing through the chiller it
to a steam-glycol heat exciranger where its temperature is '{ncreas d to
the original temperature entering the chiller. From the steam-gjycol

heat exchanger the glycol is returned to the reser\ipir. )

The aircooled subcooler (item 11) is used to increase ‘the mount
: .
.of subcooling to simulate the condition of having subcooled 1i4uid

after the expansion- valve at low compression 70s. During normal’

operation hand Isuut off valves 10 and 12 closed andJ valve 9 |

is open. To activate the subcoolin cuit,valve 9}is closed and

Pressure transducers were used to measure the condensigg_

~

preassure, dome pressure of the condensing pressure control pressure o



et the 1;11et of the expansion valve and pressure at the outlet of the
expansion ra1ve. The Tocations of the transducers are shown in figure
14 as TR1 to TR4. T'he output from the‘transducers after being amplified
"was inputed to a strip chart recorder. The transducers were ‘caHbrated
usintj a digital voltmeter and a knowo pr\e\gksure gauge accurafe to .1 psi .

(.589 Kpa) . ’ . 8

Using the barometric pressure the twa traniducers ‘measuring the

pressure entering and Jeaving the thermostatic expansion valve have been
calibrated to measure absolute presdure, while the \transducers measuri ng
dome pressure of the condensing pressure oontrol ano condensing pressure

have been calibrated to measure gauge pressure.
% Vo
multi channel digital thermometer using copper-\constantan
\

themocouple wire was.used to record tenperatures throughout the system,

The lod\tfon of these thermocouples is shown in. figure 14 as TI to T7
Each ther@ocoupie was inserted into a § mm diameter weH protruding

5 mm into the refrigerant tubing of the system A1l thennocoup1e~weﬂs
»

were fined with Dow Corning 340 heat sink/ compound manufactured
specifically \for this purpose The digital thermometer used has an
accuracy of Z\RF (. 1°C)"’ ‘ ’
g \
' Two watt meters connected as shown in ﬂ Qre Al of Appendix 11

B

were used to measokre the power input to the compressor.

v

Prior to operation, the modified ou‘tdoor atrcooled refrigeration
- system was evacuate’d\‘ond charged with refrigerant 12 using the
following procedure \he suction and discharge service valves were

closed opening their evcuation ports. A vacuum punp was connected to
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" both suction and discharge evacuation ports through high vaccum hoses.

ThHe vacLuum pump was operated until a pressiure of 1‘.5 mm of Hg,l
absolute was reached. The: vacuuﬁ pump was stopped and refrigef-ant 12
was fnjeti:ted into the sysfem througlathe liquid 1‘1ne~f111;er.dr1er until
the system pressure i nEreased above atmospheric‘ pressure. This ‘
procedure of evacuating and charging was repéated a-second time. Then
the compressor suction and ._disch_ar;;e serv;ce, valves were openea and
the entire 'syéteﬁr was evacuataed to.0.5 m of H,g. absolute pressure. .

Refrigerant 12 was again injected into the system to bring the system

pressure above atmospheric conditions, before the vacuum pumb was

di sconnected. Using a gauge manifold, the system was vapor charged

“through the suction service valve until the sight glass of the

moisture indicator showed bubble free 1iquid passing thmdgh it.

-~




. & 4.2 CHAMBER COOLING SYSTEM

5! .

_— To simulate the outdqn& ambient temperatdF57cqnd1tﬂons a chamber
in'which the test unit was to- be 10cated was bu11t. The refrigeration
system used to control the thmperature in the chamber #i11 be described
in detai below. The wide variation in temperature to be controlled
‘makes a flooded evaporator)t;pe:system ideal; howevem the‘cost of such o
a sysgem is very high and. as a result a refrigeration system with -

direct expansion évaporator coils was built.

The. 12 ft. x 10.ft. x.7 ft. (3.6mx3.0 mx2.Im) chamber was built by

Fabian inc It is of panelized construction witm panels made of a
wooden frame enclosed~by sheet steel in which 8 inches (20.3cat )of -

polyprope1yne Foam insulation is used.

In explaining the operation of the refrigeration system used-to

control the chamber temperature the¢design invoived in obtaiming the
temperature range.of operation will be discussed. 1In everyvrefrigera-
tion system the three basic ebmponents- 1nvo]ved must be ba]anced

\
in order to operate ag’a particular condition are compressor, condenser

and evaporator. Since the system will be working at a wide spectrmm'f
of conditions the compressor used is an open type compre;;or which is/
direct driven by a motor. This mdtor has been slightly oversized to
eldminate the use of crankcase pressure'regu1at1mg devices tc assist

in starting efter each defrost cycle. The compreésor is a six cylinder

compressor.maanactured by Prestcold (North America) Ltd. uﬁth special -

_valve covers equipped with hydrau11ca11y operated cylinder un10ad1ng

devices. The term cylinder un]oading refgrs.to the action of the

‘ un1oad1ng'mechanism to close the suction port fo that no vapor

L]
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refrigerant enters the cylinder during the suction stroke. The
compressor of the chamber cooling system {s operated with either two
cylinders in operation (33% of maximum capacity) or four cylinders
(66% of maximum capac1ty) tyo ‘cylinders are always unloaded The

- condenser is a water cooled condenser that has been,se]ected to result
“in low condensing pressures. - Two evaporators are used to satisfy a.
maximum range of operation. Each evaporator is used correspondingly
with the compressor operating at 33% capacity and 66; capacity. For
reference , eyktem 1 will refer to the compressor operattng at 66% capacity

using evaporator 1 and system 2 will refer to the compressor'operatin%igngg'fn\
at 33% with evaporator 2, ‘ '

b Figure A3 of Appendix IIIis a plot of the compressor pertormance

curves superimposedﬁon the condenser pe;tonmance curves for system 2.
The compressor curves are refrigerati%n capacity versus condens;ng
temperature at-constant evaporating temperatures. For each evaporating

~‘temperature there are two curves. The one on top is the heat of
condensation at that evaporating temperature while the one on the bottor
is the refrigeration capacity at that evaporating temperature. The )
condenser curves are condenser capacity‘versus condeqsing temperature
at constant water flow rate. The dotted line of figure A3 shows that

- at 3 (gall/min) water flow rate ‘and plus 10°F. evaporating temperature
the unit will condense at approximate1y 112°F (the intersection of the
heat of condensation curve at plus 100F evaporating temperature and
the condenser curve of 3 ga]l/min ) The system capacity at that
condition is found by dropp1ng a vert1ca1 line from the point of
1ntersect10n tO‘the capacity curve of o+ 10°F ( <12 2°C) evaporating
temperature. At this point of 1ntersect10n the compressor and the

condenser are said to be balanced. By evaluating all these points.of

[



bala‘;\ce‘the Eonpréssor-condenser curves of figure A4 Appendix 111 have

" been »plotted. ‘af.constant:‘water flow r:ate. Now b& superimposing the
capacity curves of the evapdrator to be used,i:he points at whii ch-

‘ oonpreéso;-condensér—eyaporator'are balanced are found. Figure AS v
of Appendix: 11 shows figure A4 with an envelope pf operating conditions. .
’Note ‘that the three components still balance outside this envelope, but‘
the /condensi ng temperature is above 1200F (48 9°C) Chamber temperatures
of\!0°F to + 40°F ( 23.3%C to 4. 44°C) are possible with system two,
while the condensing temperature is below 1200':',

A similar series of curves for system one are p'lotted in figure A6,
A7 and A8 of Appendix TTT Cham'éer temper'atures of -100F to -26°F are
possible with system 1. By examining both sets of curves it can be seen ,
* that a single water flow rate of 3 Gall/min 15 required to balance the

system for the whole evaporating temperature range. o

Figure 15 i1lustrates—the chamber cooHngksystem s::hematic and list

of components. The compressor. (1tem 1) discharges vapor refrigerant to

- ‘(..

the 0il sepaljator (item 2). The function of the oil separator is to

seg&rate the‘]ubr‘ication 0oil from the di séharge gas stream and return

1t' to the compressor. In this case the separated oil is returned to

the compressor crankcase through the suction accumulator to be discussed

“Tdter. Thg oil from tr}e 011 separator to the suction accumulator passes
_— ,

through a solenoid valve (item 24) which when the éompressor is off is

' deeperg?zéd and 0i1 is pot returned. Three minutes after the compressor - -

L starts 1t energizes and begihs to return o0il to the \suction accumulator.

The purpose for this 1s to allow enough time until the temperature of

the o0il separator increases d:d boi'ls off any excess Hquid refrigerant
« LY




‘that may have condensed. in ‘the 011 separator during the off cycle.\

From the oiT separator the di schav;ge gas passes thrpugh a muffler

(item 3) v‘:hose function is to dampen out discharge gas stream pul‘sati'on

and reduce the vibration in the refrigerant lines. From the muffler

two paths are available. The one leading to the two way valves 16 and 20
does not permilt any flow because both hot gas defrost valves (item 16
/and item 20) are closed in that'direéiqn when the system is in the
refrigeration mode.. Thus the-dischargk gas passes through solenoid

valve 4 and goes to the reevaporator storage reservoir 5, Item 5 is a

" reservoir filled wi th ethelyne glyco] at a concentration of 50% by -

weight. There are two individual ,heat exchange circu'its inside the
reservoir. One through which the discharge gas passes to be desuperhe;ted

)//\;\d increase the glycol teni:erature in the process, and the other through |
' which Hqui d r‘efr‘fgerant in the defrost cycle is evaporated before return-

ing to the  compressor. Ffom the reevaporator reservoir desuperheated
vapor refrigerant goes to the water cooled condenser (item §) where it

is condensed and enters the auxiliary Hquid refrigerant receiver 7, ’
From the receiver it passes through a filter-drier (item ) and a - Q
moisture indicator (item 9) before it enters the heat exchanger circuit

of the suction accumulator. The purpose of this is to insure that liquid
refri gerant is boiled off“from the accumulator reservoir so that only

0il remains to be returned to',the crgnkcase of the compressor. I-!and .

shut off valve (10) is only used to fsolate the ]Liquid Hr"ne if servicing

is required. From this poiht two circuits are‘avaﬂable~depend1_'ng on the
temperature requi red to be controlled. Evaporator 1' (item 15) 4s used -
when the corrpressor 1s operating with 4 c,yHnders (1 e. 66% capacity) ’

and evaporator 2 when operating withfz cy]inders (1.e. 33% capacityf.

~o

-
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Depending on the system required, one of the two solenoid valves 11 or

N2 1s.anergized to open and allow liquid refrigerant to flow to the

thermostatic expansion valve 13 or 17 depending on the system. The
thermostatic expansion valves used are of the balanced port type previously

described in chapter 2. This type of thermostatic expansion valve is

necessary due to the very wide evaporating temperature range of operation

The capacity of the system at -400F (—4o°c) evaporating tenperature is

«0n1y a fraction of the capacity at 15 F (=9. 4°c) and as a resu]t the |
valve will be oversized at low evaporating temperatures. Therefore the
valve used has to be able to modulate at a small percentage of its rated l

capacity and as discussed in Chapter 2 the balanced port expansion valve

is -designed precisely for that purpose. The solenoid .valves 28 and 29’

on the 1ines branching from the inlet of the refrigerant distributors

14 and 18 are closed during the refrigeratioﬁ cycle and open only during

‘=

" the defrost cycle.

From the expansion valve the wet-vapor passes through refrigerant
distrtbutor 14 or 18‘to the evaporators: The refriggrant disttibutor is
ap essential device for systems using multi circuit avaporators: This
is becayse by waight the wet-vapor is predominantly 1‘§u1d, bat the
vaporxoctupies‘the greater volume. The 1iquid and vapor tend to move
at different velocities and separate into two layers, with the heavier
Tiquid to the bottom. when a distributor is not used, some of the
evaporator circuits may receive the greatest share of liqdidﬁ’ The other
circuits, accepting a concentrated share of the vapor, are re]ative1y
inactive and the total.effectjvé'evaporatot area is reduced. From the
evapopator slightly superheateq gas'goes to hot. gas defrost gas valves
16 or 18. © During the refrigeration mode the valve coil 4s'deenergizea

¢

/ ¢
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and gas is permitted to flow to check‘va'lve 21. From check valve 21

suction gas passés through suction f{1ter 22 and then enters sugtion
. -

_ accumulator 23. As has already been mentioned the function of the

suction accumulator 1% to prevent 1iquid refr'tge{ant and ail from entering

the compressor in large particle form, that may damage compressor valves.

——!

£

s

This is achieved by collecting the 01'1 and. liquid refri §erant in its
‘reservoir and then metering it through an orifice to thg suctton gas

stream in a3 finely &tomized form. In fhis sytem the oil return line _

from the of1 separator s cénnected to the suction accumulator inlet so
that ofl1is returned to the crankcase through the aﬁcd‘mu‘lator. To b61 1

off an\iy excess® l1iquid refﬁ gerant from the accu:pu'lator ,oﬂ-refﬁgeranth
mixi;qre, a heat exchanger .circuit is provided in thne accumulator reservoir.
As shown in Figure 15 Hquid refri gera;nt passes through the accumu]ato?‘
.heat exchanger to accomplish this feat. 1Sucﬁon‘gas is prevented from
going to the reevaporator suction line by check valve 25. From the suct'lor}'
accumulator the suction gas stream enters the compressor and ‘the cycle is

~

completed.

£

_As can(be seen from Figures A3 to A8 of Appendix ITf the chamber ~ ~

" cooling system evaporates below 320F (o°c) throughout the operating

temperature range. Therefore frost will build up on the evaporator coils
and during operation they will have to be defrosted. Electric heat
defrost methods are the simplest in operation but result in large 'room
temperature increases during the defrost cycle. Thus the chimber coo'H\ng'
system has. been designed with a hot gas defrost system whi ch’resul ts in
the smallest room temperature increases possible. Since the systgm
operates at various evaporating tenperqture%",suction pressure can not be

used to initiate the defrost cycle as is usually done on conventional

™S -
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demand defrogf sysfems. Sdm11ar1y sipce humidity in the chamber will
not be controlled it also can not be used to initiate the defrost qycle.”

This system uges a photocell as the sensing device to dCctually measure
the amount of ice built up on the evaporator coil/ The sensor is
located on a_fin of the coil and emitts 1ight through a perforation on
a plate which becomes an extension of the evaporator coil fin. Nhenl
this perforation is filled 1n by ice built upﬁ1ight does not pass
through and a switch 1s c1osed to initiate the defrost cycle. Two such

-sensors are used, one on each evaporator coil.

To understand theu&efrost cycle assume’tﬁat thé evaporatdf
defrost sénsor‘has just 1n1£1ated the defrost cycle fbr system 1,
Sqlenoid valve 4 has closed and dfécharge gas .is diverted to)hot gas
defrost- valve 16 which has been energized by the defrost cycle to close
the suction passage and allow discharge gas+~to pass through it to the.
qut]et of eyﬁporator 1. Note that hot gas defrost valve 20 is still
deenergized and no discharge gas can pass to evaporatbr 2. Discharge
gas condenses in evaporator 1 and in so doing rejects heat to the ice-
on the evaporagpr and begins to melt it. , Refrigergpt at the outlet of
the evaporator may net be fully condensed because the evaporator fan
is stopped when thé defrost ;yé]e is initiated and as ; result the
. capacity of the evap&rator to act as a condenserxis reduced. Thus
liquid-vapor mixture passes through solenoid 28 which has been
energized by the defﬁg;t 1n1t1at10n (solenoid 29 is sti11 closed) to
the water coo]ed condenser 27 where it is fully condepsed. 'Liquid -

4
refrigerant from tpe condenser outlet enters the thermostatic expansion
-

-
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valve and it then passes through the reevaborator circuit of'reservoir

5 where it exchanges heat with the glycol which has been heated by
dischargé gas du;ing/the refrigeration mode. In'evaporating,the'glyéol
tgmperature is reduced until the defrost/éycle is completed. From the
rgevaporator outlet superheated gas enters the suction-éccumuIatqr througﬁ
heck valve 25. From the suction accumulator the gas enters tﬁe compressor

suction to complete the cycle. Note that suction gas can not back feed

to evaporator 1 or evaporator 2 due to check valve 21. When the 1cé on
the evaporator coi] is melted the perforation on the sensor udT] open and
the defrost’ cycle wil]AB;_E;;ﬁiﬂgied and system w111 enter the
refrigeration mode by energizing §olenoids 4 and 11 and deenérgizing
solenoids 28 and 16. In a s1ﬁﬁ?§r fashibn evaporator 2 is defrosted yhen

its sensor initiates the defrost -cycle. o ' .



r

_ and refrigeration capécity of the cdmpressor have been evaluated. The

‘results are discussed in the following chapter, Y 1
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4.3 TEST PROCEDURE .

~

The purpose of the experiment is to evaluate the performance
of the modified refri ger&t‘lon system at varying condensing temperatures
and investigate its advani:ages and 1imitations. Data to be used for the

theoretical prediction of system performance are also-obtained.

The blanked suction tes.t. was performed first, this test is very !
simply l;perfonned on any installed system. With the test refrigeration 1
system in operation for a period of fifteen to twenty minutes the
setting/of the suction pressure safety control was set at its minimum,
If this minimum setting s above the expected vacuum pressure attainable
by the compressor it may be disconnected electrically. The suction
service valve was closed and the compressor was allowed to run until
the suction pressure measured at the suction gallery port of the valve
plate had stabilized to seme minimum valve. This minimum vacuum
pressure and the corresponding diséharge pressure (measured at the

discharge gallery port of the compressor valve plate) were recorded.

These two data have been used to evaluate the compression ratio
at which the volumetric efficiency is equal to zero and subsequently

calculate the effective clearance volume of the compressor. Based on >

|

Al
i

i
- b

|

this effective clearance volume, the theoretical volumetric efficiency
N ¥ '

e e N
o a2

7
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The second part of the experiment involved the evaluation of b
performancé of the modified air cooled refri geratiog\ system at different |

evaporating and condensing temperatures. The procedure used to obtain . 5
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these conditions is described below making reference to Figure 14.
\\\ |
With the compressor in operation, the,glo}col ﬂow rate was

selected Py adjqéting valves 22 and 23 to permit g'lg\f\c‘ol\coﬂectiog in

a container inh a reasonable amount of time and also to produge an
tnitial temperature drop through the evaporator of approi*lmate\i) J\(\)°F
/5.5C) . By .shutting valve 25 and opening valve 24 glycol was col 1‘ect.e‘d

in a container and us'i ng a stop watch the time required to collect thé

' glycol was recorded. The weight of the glycol collected was also re- '

" corded. :

As the glycol was being continuously cooled the evaporating
temperature of ttje test system gradua‘l"ly dropped, when it reached 400F
(4.4 OC), the steam valve 27 was opened until the-evaporating temperature
stabilized. ‘fhis is explained by the realization that with every cycle
the glycol temperature entering the evapbrator is reduced_and in order
for the system to satisfy the 1oad it must evaporate at a lower
temperature. The glycg] temperature entering the evaporator at a
particular cond'lt'lt;n is brevented'from dropping any further by supplying .
heat to the glycol returning to l:he resevoir. When tt_\e heat supplied ¢
is the same as th;a heat extr'ac/éed, at the-evaporator, the glycol
entering tenpev;ature and as a result th/:/ refr'l'geraﬁo.n system evapo@ating

temperature will stabilize.

For the first series of i:ests this evaporating temperature was
ﬁe]d constant and the condensing temperature was varied. The first
condensing tenpérature to be controﬂeﬁ was that of 1300F §4.40C), ‘This .
was achieved by physically restricting airhﬂow through a porﬁon of 1;he

X
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the condenser until the condensing temperature nigasufed at T5 was 1300F
(suoC)*. However in increasing the condensing tenpeﬁature the evaporating
temperature increased above 409F 4.4 OC) and. the st;am rate had to be
reduced until the evaporating temperature was stabilized again-at 400F
(4.40C). w1‘th evaporating temperature and condensing tempsirature

» stabilized at the desired condition, the following data were ‘taken: -

1) T1 - Glycol inlet teﬁperature to evaporator;

2) T2 - Glycol outlet temperature from evaporator

3) T3 - Temperature of 1iquid refrigerant entering the expansion
valve ' , -

4) T4 - Refrigerant temperature leaving the expansion valve

5) T5 - Condeqsing temperature ‘

6) TR - . Pressure of liquid refrigerant entering expansion valve \
7) TR2 - Pressure of refrigerant leaving expansion valve

8) TR3 - Condensing pressure

9) Power input to Compressor.

To obtain the condition of 40°F (4.49c) ;vapora*tthg tenpera;cure
N and 10°F (43.3°C)( condensing temperature, a portion of the réstrictio_g :
. on the condenser face area was removed yntﬂ the condensihg temperatyre
. drdppe‘d to 110°F° (43.3°C). Consequently the evaporating pressure dropped
y - ,and the steam rage was increased until the evaporating temperature

stabilized again at 40°F (A.AOéN? Data points 1 to 9 previously mentioned
/")
l k.

wére recorded,

The two conditions at 90°F (3?,2°C) and 70°F (21.13(2) pre$ented

difficulty from the fact that the cﬁamber\ cooling system had to be used

»

. to Tower and maintain the chamber temperature, to Tevels resulting in
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the above condensing tenperétures. As stated in the previoys section

the chamber cooling system can control temperatures from 26°F to

45°F (-3.3°C to 7.2°) while compressor, condenser, and evaporator are

balanced. To operate the modified system at condensing temperatures

of 90°F and 70°F the chamber temperature had to be reduced to

approximately 75°F and 55°F resnjcti vely These two points are outs1de

the operation envelopes of the gooling system and as such conti_ nuous ~

operation at these conditions is not recommended as far as compressor '

er s concerned. However adequate care in degigning the system

permits operation in those conditions pmvided ‘the system is continuous]y

monitored. "

i
t

N Contir nuing with the test procedure the chamber thermostat was set

at some value considerably 1ower than the chambev\tenperature to be

maintained As the chamber tenperature was being reduced the condensmg |

temperature of the test unit began dropping. When the condensing . iﬁ
temperature reached 90°F (32.2°C) the thempstat setting was increased

until its contacts opened and the chamber cooH ng system entered the

pump down cycle and stopped. -At’that condition the thermostat setting

was at the correct point so that the chamber tenperature modulated above

the conditm‘resmting to a condensing temperature on the test unit of |

90‘°F (3‘2.2%). Since the chamber ambient temperaturé fluctuated as its

cooling system went on and off the test unit condensing “temperature also

B fluctuated proportionally. In every instance the chambelr thermostat

was adjusted until the test unit condensing temperature modulated about

90°F 32.?(:). Again as in previous situations where the. condensing
temperature of the test unit was reduced, fts evaporqting tempera ture

dropped and the steam rate to the steam/glycol heat exchanger had to be 1néréased
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until the evaporating ten'per/atn‘e stabilized again the 40°F (4.4°C)
condition. Again readings 1 to 9 were recorded. The procedure of this
paragraph was repeated to obtain readings at alower condensing

temperatures.

]

Having completed the tests at 40°%F (4.4°c) evaporating temperatures
the complete procedure was repeated for evaporating temperatures of

30°F, 20°, 10°F, o°F, -10% (-1a%c, -6.67°C, -17.77%,-23.3%).

The series of tests described below were-used to ‘eval uate the per-

- formance of the condensing pressure contro\'l system. The fh\’st was the
siytu] ation of th/e condition where, the pressure di fferential, between the’
pressure 6f the 1iquid refrigerant entering the expansion valve and thg
saturated liquid-refrigerant at that temperature, is below the minirﬁum
setting of thé\ differential pressure control used to monitor that
di'flference. H;)t was supplied through heaters to the liquid refrigerant
entering the expansion valve until the di fferential control closed its

contacts and supplied heat to the condensing pressure control bulb ‘heater.

J

The second was the simulation of the condition where the difference
in pressure, between the saturated pressure of the Tiquid refrigerant
éntering the expansion valve and the pressure at the outlet of the expan-8
sion valve, is below the minimum setting of the di fferential control
used to monitor that difference. The subcooler (item 11) of figure 14.
was activated by closing v;‘lye 9 and opening valves 10 and 12. This
ensured that the first condition mentioned above would no‘t reoccur. The
condensing 'cemper;ture was then Towered, by lowering the chamber
temperature un?:ﬂ the second di fferential cbntro1 closed its contacts
and energized the heaier., The results of this test are discussed in the

following chapter.
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DATA REDUCTION AND DISCUSSION .

As can be seen from Figures 16, 17 and 18, e.)'(per’lmenta'l and
theoretical values have been evaluated and'plotted for refrigeration
capacify, power consumption, and coeffident of peyjformanée. T‘héoreti-‘
cq'l prediction of volumetric efficiency and compression efficiency 'has

been plotted -on f':'igure 19.

~ In discussing the method in which test data have been obtained
Figure 3 will be used. To evaluate the capacity of the modified
refrigeration test system résulting from the test described in chapter
4, first the amount of heat transferred from the glycol to the evapora-
ting refm gerant in the chﬂler is found by

M= m C. - Atg | _ (5- 1)
where  my = glycol flow rate through the chiller

! Cpg = specific heat of glycol

Atg -= temperature difference of g]yco] between entering
and leaving conditions fr-om the chiller.

The mass flow rate of the §lycol through the chﬂler i1s that found by
dividing the weight of t_he. g]yco] ,coﬂected, by the time it was collected
in. The specific heat of glycol has been obtai ned from dafa pubHshed

in ‘ASHRAE * HANDBOOK OF FUNDAMENTALS U 8] and has been evaluated at the
mean temperature of the glycol ,enter'i ng and leaving the chiller. The
glycol tenper;afur"e .differ;'ence enter‘l‘ng and leaving.the chiller is taken’

-

directly from the test dita. ) -
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_ To be able to compare é?cperimnta'l and theoret‘lcﬂd-jta .

the capacity has to be evaluated at zero degrees 'subcoaling at the

entrance of the expansion v?]ve. As has been al ready discussed this

0o 11

was not the case in the actua]“experinﬁnt and thus the contribution of |

' the amount of subcooling to the total heat transferred from the glycol

in the chiller has to be subtracted. This was done b{ first evaluating

the refrigerant flow rate by

ot L (-2 *

. 9 6

where Q = total heat transferred from glycol in the chiller

as evaluated by equation (5-1) .

”

h9 = enthalpy of saturated refrigerant vapor at

- suction pressure and temperature

h, = enthalpy of subcooled refrigerant entering the

expansion valve,

°

Having four;d the refrigerant mass ﬂoﬁ rate the refrigeration capacity

of t%e modi fied ‘aircooled gutdoor refrigeration test systém at zero

subcooling is found By, . -
0, * rﬁB (hg = hyo) - (5-3)
where M = refr:'lgerant mass ﬁow rate (
;{ hlo =- enthalpy of saturated 1iquid refrigerant
eva}uéted at the pressure entering the
’ expansion valve. o a g
-

"lThe capacity of the modified refrigeration test system at zero sub-
cooling is plotted on Figure 16 versus condensing pressure at constant

. evaporating temperatures. On the san;e graph the theoretical capacity

- / Py




is plotted as. calculated from equ"aj;:jon (3.63). The equation used to
Pca1cuiate the volumetric efﬁcie.ﬁcy was equation (3.32) where R has
been' found from the blanked suction test, described in chapter 4.
Equation (3.63) shows tl:le capacity of the system as evaluated with

Tio = Tg of subcoo'ljng. The thedretical data have all been ﬁeyaluated e

at zero subcooling by using (h9 - h.lo) instead of (h9 - h8) in ‘
equation 3.63. ' ‘

The experimental; data curve of figure 16 clearly shows that as
the condensing pressure drops—the refriger\ation capacity of the systEm‘
increases. Note that under certain conditions the capacity of the
system increased by as much as 90%. However, the system will operate .
at these conditions a very smaH percentage of the year, and the ‘
effective capacity increase wﬂl resuH: from the average yearly ambient

temperature of the area where the systerw is located. From the

theoretical data plotted on the same graph it is seen that'the equation

for volumetric efficiency permitted calculation of the system capacity

with results which are _Close to the experimental. The averasjg percent

difference between experimental and theoretical is 15%.

P

&
FigurKU‘ illustrates 'good agreement between the experfmental

and the theoret1 cal power consumption curves. The theoretica'l power

consumption has been calculated using equations (3.61), {317 and (3.59)

The constant K in equation (3.59) has been evaluated by using the power ‘
| v consumption from one of the test points. Again it is seen that the

power cbnsunption decreases as thé condensing _press‘ure decreases.

An increase in capacity combined with a decrease in power

consumption as the condensing pressure is ’décréased results in an




- =57 -

increase in coefﬁcienf. of perfonnance. This 1s dep ted in fi gure 18

when both experimenta1 and 'thearetical coeffi cient of performance

_curves are shown. The experimental coeffic*lent of performance has’ been
evaluated by dividing the experimenta] refrigeration capacity by the

experimenta] power consumption and conversion .constant (to convert @

electr*lca‘l ‘power units to thermal units). The-theoretical COP has been

calculated using éﬂd‘ation (3.65). Again the correlation between A N I

exper'l]mental and theoretical data is very good.

" The theoretical volumetric effici ency curve of Figure 19 shows

" ythat the \(olumetri c efficiency is a function of the compression ratio
"only and increases with a decrease 1—n condensing pressure. The -
conpre?ion efficiency curve of Figure 19 i{llust¢rates that a condensing

pressure decrease results in a correspondi ng corrpression efficiency

- decrease. Examining equation (3.59) shows that, for a fi)fed evapdrating
[

pressure (p1), a decrease in condensing pressure and consequently

compression ratio cduses the term ?\'n-"l' ‘(Rc ‘"; =1) to decrease while
1-

xp 2o ing ases due tsthe volumetric efficiency. increae. The
constant K in, uation (3.59) {s partly comprised of two other congtants,
Ky and K, déScribed by equations (3.52) and (3.56) respectively. It is
seen thg}: in order to 1ncrea§e' the conpr'ess1on efficiengy the value of
K and consecwently of K] and l(2 mus§ be‘kept as small as possible. It

follows, then that large suction and discharge valve port areas will

3
L4

increaée. compression efficiency.0 ) o . ,7 p-
. 'g “ . "..’ ' r . o ‘L{, ; . 'ﬂj
’Thefbengﬁts of the modified aircooled refr;igerﬁ:ion system
'ﬂ, operating at varying copdensing prg‘s’sures has been. varified by the

eipérinbntaI results 6f'refrigeration capacity, power consumption and

coéf;f:lcient of performance already discussed.- To exam;ine the
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~ operation of the condergf;ng’ pressure control system the two conditions

under which the systenl will control the condensing pressure,. even if

the ambient temperature continues to fall, have been simulated. Figure
20 shows a strip chart"recording 04 the operation of »the system, ’ Tne
presspre on strip 2 is the pressure inside the dome of the condensing
. pressure‘control. Strip 3 shows the pressure at the inlet of the
expansion valve and strip 4 the pressure at the .gutlet of the jpansion
va1ve. The chart"’mt'ion is as 1 ndicated by the arrow. While the system
was operating normally, heat was supplied to the Hquid line feedil:g :

the expansion valve,to decrease the amount of subcop'ling until the
- differential 'contrpf measuring the 'g'ressure difference between points
6 and 7 of figure'f3 sensed 1t<" minimum value and closed its electrical
) \\eontacts At this po'lnt the condensi ng pressure had to be con,zro]'led.
The c'losing of the differential control contacts energized the

condensing pressure contro'l bulb heater andy the pressure in the dome

increased causing the control to bypass dischargé gas to. the liquid |
refrigerant and increase the co?densing pressure. Note that as the
bulb \pre§sure 1ncreasesf so that t:.he 1iquid refrigerant pressure

) enter'lng the expansion valve. As soon/ /as this pressure begins to in- -
crease the pressure difference. between points 6 and 7 of figure 3 is

increased and the di fferentia] control contacts open to cut powe(‘to

the bulb heajéer: The dome pressure and cpndensingwpressure start
falling until the di ffergntial control senses the.same condition and
energizes the heater to repeat“the‘cycle‘ After ghe second cycle the
chamber temperature was decreased w1¢hopt Aeffecting the‘abﬂity of the
condengiing pressure control system to opérate propeﬂy As pred1 cted

~

by the desi gn, the condensing pressure was prevented from dropp1ng
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although the ambient temperaturk was continuing to fall,

To test the operation of the second differential pressure control,

the supply of heat to the 1iquid refrigerant was removed allowing the
)
S

Both the dome pressure of the ’condensing pressure control and the

condens ing pressure to fall with the ambient temperature.

Hqu1d refrigerant pressure eniiering the expansion valve dropped as shown
in Figure 21. To prevent the differential control _measuring Pe - Py
from initiating control of condensing pressure, the a_ir cooled subcooling _
circuit was put into operation.g This ensured that the difference in
.pressﬁre between pc!ints 6 and 7 of Figure 3 was ;bove the minimum Setting
of the differenti alﬂ control. The .ambient temperature was then lowered
until the second g'lfferenf'ial control measuring the difference in pressure .
between boint]h::d 8 of Figure 3 c1osed§1t§ contact and energi'zed the' '
condensing pressure control bulb heater to .eontrol the condensing
pv:esﬁure. Figure 22 shows that the condensing pressu;'e control system
periodically increased the con;iensing pressure by supplyi qé hgat to/ the
bulb and 1ncréasi ng the dome preésure of the condensing pressure cont_rol.
Comparing Figures 20 and 22-it is see'n%that the amplitude rof ‘the . s
condgnsing pressure modulation is much h:lghei: in Figure 20 than fi gu_r'e‘ \> .
22. This is e%pT by the fact that @t higher ambient temperatures . \,
more heat is sixpp1‘1ed to. the bulb by the heater than at low au;;ient
.telmeratures.‘ An'arrahg_e‘ment that wﬂPmin@« trgé ineat loss of ¢the
bulb heater to the atmosphere will permit, a%smaﬂev: heater to be used
“that will create the same a(r:buni: of condensing pressure;mdglation at .
high and low ambient temperatures. \}nsulgti on of thé ‘bulb r;éater
‘Kresufted in a smpll r,aantude cpndensing prgssuné modulation with é _

#high occurance of heater turnouts. / >

s
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Nuﬁerous tests revealed that .the modified condensing pressure

>

control system operates according to the intended deéign. When the

1%qu1d refrigerant pressure at the entrance of the expansion valve

approaches the saturated 1iquid pressure at the entrance temperature

one of the differential pressure controls initiates condensing pressure

control. This alﬁays ensures that the 1iquid refrigerant entering

the expansion valve is subcooled.

) . ‘: ) Ke
Similarly when the saturated 1iquid refrigerant pressure at the

temperature entering the expansion valve approaches the evaporating

pressure the second differential pressure coﬁ%rcl initiates the

condensing pressure control action. This‘énsures that the condif n

. where subcooled 1iquid éXist'at the outlet of the expansion valve

never-occurs.

0 - -
Figures 20 to 22.show - that the thermostatic expansion valve™ ,

modulates to contral the aﬁgynt of supérheat of the refrigerant vapor - < -

at the outlet of the evaporator. According to valve spec1fig§tions

- thts modulation has an amplitude of 3 psi ( 20.67 Kpa) when selected

properly. In this experiment the modulation amplitude -has been L

consistantly § psi (34:45 Kpa 4. A1l attempts to reduce this amp11tu&é .

o )
were fruitless leading to the é:ﬁbiusjon that excessive friction

1]

between the piston seal and the p1§fon chamber was present, causing

.thé valve to overshoot with every adjustment (see Figure 6). This is

"substantiated by the fact that this amplitude of modu]atioh was

. L]
present under all operating conditféns. At low compression ratios

illustrated in figure 22 the balanced port exﬁans{on-xqive is operating

at rated conditions which means that the amplitude of modulation is at~\




its’ minimum. At high compression ratios depicted in Figure 20 the

expansion orifice required is smaller than that at wow co\vr‘ession
g'raﬁos and the expansion vilve is now oversized. If the ﬁwreased
3 amp]‘itu:']e of modulation occurring at low compressip}\ ratios was an in-
d1)cat16n of slight hunting this aan‘tude of modu'l'at{ion at high

compression raties would increase as the valve enteried its zone

of instability. As has been already shqwn the anp'l'i'itude at the two .

conditions is identical, indicating proper expansion val ve/operation :
g - and identifying friction as the «cause of higher amplitude of expansion

valve modul ation." ) ‘
. ~y

The increase in refrigeration capacity, de\rease in power

. consumption and consequent 1ncrease in power consumption at low conpres-
- siorlﬂ:ti/o have all been shown in Figure 16 to 18. Although.the

. o

advantdges of the modified outdoor ai rcoo’lﬁd refrigeration system are

considerable,its use has to be limited to certain applications.

- enters at a lower temperature than the summer,the logd in the nter is

App'l'lcations such-as storage rooms where the. product)in the winter time,

’ considerably smaller. .At the same time the capacity of}the modiﬁed
system can be hi/gher by as much as 50% to 80% depending on the operating

-conditions. These two factors will cause the system to operate in-very )

short cycles, and’although shorter }‘unn1ng time at reduced power

consumption seems very attractive the er of the conpress\or may be -
compromise& In addition, a large number' of short operating cyc]es may

result in highe}* operating costs based on peak l‘)ower pay schedules.

Thus: unlass the excess cabacity avaﬁ]able under Tow ambient temperature

( cbnditions i/ utilized the operatmg\savings may be minimal if any. % !

e
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s‘decreased “This varfation in enperature d'l fference causes a change in

‘ only if the change in evaporator capacity is achieved by' reducing the

]( - 62 - -

An 1de;n application for the modified refrigeration systém is
blast feezers where a product's temperature 1s reduced to a certain value
and then it is p]aced in storage. Blast freezers are designed to lower
the product temperature in a certain time limit. When the capacity of
the system fincreases the freezing }ﬂne is lowered and production is
increased. Multiple compressor systems aﬁ another nexarrple of 14d'ea'| »
appHcation_. such systems multiple c.onpf;ssors_ar@ use:i to satisfy
a constjémt load. In the winter a number of c5npressors may be shutr
down and sti11 satisfy the Joad. The advantages are obvious when it is

considered -that less compressors are used at a reduced power consungt'ion
I‘

to satisfy the same load. - - ;

AppHcatio;\s where humidity control is essential are on‘1y possible

with the modified system under certain conditions. The evaporator is

selected for the maximum capacity condition (w1nter) at a certain

-temperature difference between room and evaporating temperature. When '

the capacity of the system is reduced in the summer the ”~evap-g$ator is

oversized and in_ order 0 lance with th con’n’:ressor and condenser

the temperature difference etween room and evaporating temperature is

relative humidity in the room. Relative humidity_will remaf n.constant

afr flow through fhe evaporator' or its hsat transfer surface area

.while the difference between room and evaporating temperature remains

»

constanp="

" Hot gas defrost and capacity control systéms are n{)t pofsible with

the modified refrigeration system operating at varying condensiag . o ‘
. L . ) .
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.

- pressures. Low discharge ga§ temperatures at Tow cOmpression ratfos
are inadequate £o create enough heat ;ransfer for defrost. Capécity )
contro1uusing discharge gas is also made difficult due to the léﬁge
volumes of vapor required to 6ffset small percentages of refrigeratign

Tw

© capacity. o ‘ . o ’

/.

’:‘.




CHAPTER 6

- . <€ONCLUSTIONS

: .A-modified out&oor afr cooled réfriggration sttem was
gesigned to‘6perate at varying condensing p:;ssures q!gjéoang
problems usually associated‘with conveniioya1 outdoor r;frige-
ration systems operating at low ambient temperature condifions.
Mod1f1cat10n§ to the conventional refrTgerat{5n55ystem were
'1mp11mented'to the expansibn device and the.congensing pressure o :
Eontrol system. A cGamber‘témperature control system was built to
simulate ambient fe?peraiure conditions resulting in varying . -

L]

condensing pressures. . N

Detailed testing of the modified air cooled refrigeration

~

* I

system indicates the following:

1) as thé ambient temperature of the chﬁmber was reduced the
test.systeqicondensing pressure fell proportionally and as . N
a result the system cqfacity increased, the‘powe: consumption

decreased and the coéfffcigpt of performance increased.

2} the balanced port expansion‘vaive peﬁ%#tted full ve%rigerant
flow at reducéd pressure differentials across its expansion
_orifiéel This allowed the refrigeration capacity to increase A

as the operating compression ratio was &ecreased. paufion‘ 9 )

. must be used in selecting the expansion valve for the max fmum

\ ) - r . . - f
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3)

/'pFessure controls with a smaller minimum pressure differential | - l‘

. operating condition at low ambient temperaturé situations

| .
[
i
é /
4
;f:;
v
! 4
w 4)\
5)

- ’system operating time will be reduced in proportion to the

ey
\

e;pected capacity at the lowest expected differential

{

pressure across it.

in accordance with the design, the condensing pres;ure control

system dectected the point at which any furthérlreduction ’ \

in condensing pressure would result in a refrigeration
capacity reduction and or poor expaﬁsion valve cogtro) and"
acted to prevent the condensing pressuﬁ; from dropping further : ‘ \

although the ambient temperature continued to, fall. Dfferential A

setting will permit the refrigeration system to aproach optimum

without inducing loss in capacity or poor exp%nt1on valve

c’htrof.‘ . \ ) o
an arrangement to m1n1m1zeﬁhea€ loss to the atmosphere froT/, o 3
the condensing pressu&e'control bulb heatel should be found ’ i
to pédrmit @ minimum condensing pressure increase as the }

heater is energized.

|

the increase %n refrigeration capacity at low condensing

préssure should be utilized against an Qdd1t10na1“load insteid’ - : .
of being used to reduce the system operating time. When the

modified sys;em is applied to a fixed refrigeration load the

R

& - . )
increase in refr{geration capacity as the ambient temperature .},——
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drops. The compressor will operate in shorter cycles,
%drastica]1y reducing 1ts,]fﬂ;and perhaps offsetting power
coﬁsumptioq savings due to the increased number of starts
when the peak power drawn is high..Fhe advantages of the

‘system should be employed in satisfying increased
Y

refrigeration loads at reduced power consumption.

6) during the‘winter when the advafhtages of the system material-
ize the compressor will also be operating at a reduced
compression ratio which will increase the expected life of

%the compressor. o
' I

'7)  humidity contiol is not possible with the modified refrigeration
system unless auxiliary controls are used to var}-the
\?vaporator fan speed to maintain a constant temperature
difference between room and dvaoprating temperatures of the

system as its refri'ger&t‘loﬂ capacity changes.
o

8) hot gas defrost systems and capacity control systems using
discharge gas are not poﬁsib1e with the mod1f1eg‘systbm since
a hféh discharge qas tembeééture ;s esséntia] for. their
‘operation. Atllow\;;ﬁpression ratios the discharge gas
"~ tempreature is too low to permit proper operation of these

systems,.

Equations developed to predict refrigeration capacity power
consumption and coefficient of performance showed very close

correlation with experimental data amnd représent an improvement



i

‘over equations used presently:. Their use makes prediction of

g e e

- 67 -

o

R
\ ' -

. .
syste performance with a variety of refrigerants possible.
Further work is obtaining data for the polytropic exponent of
compression and expansion processes fbr the'conmon' refrigerants

will permit a more detailed analysis of compressor performance.

5 y
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BODY TYPE'K C@3 THERMAL me(srcou) LTO. 60 Hz

REFRIGERANT R12 R22 & nsoz MODEL C-200/K376-G

Compressor data

Speed / 1750 rev/min
-Bore 1 in

Stroke 1} in

No: of 2

cylinders

Oisplacement ’ 3761t

Suction velve 1 ino.d. swest
* Discharge veive 4 inod. tiere

Oif charge (USA) " 1.8 pints(29 02)

Nst weight 100.ibs

DIMENSIONS
—_— Ao
(-] H Suction.

Application
K Dwchargel

Evaporating temperature range: . -~ i1 1)
R12 -10°Fto+ 60°F 1

R22 -40°F 10 + 20°F c .
A502 —400F to + 20°F '
within the limits of condensing ) “| !
temperature and motor limitirg
conditions indicated on the Fd—D —
performance chart. Standard compressor )
A B c D € F 6 H J K L M
. mm | 360 208 254 | 208 | 162 | 56 | 181 149 | 193|137 | 9 20
Compressor cooling o Twa| 8 10|88 | & (2571 [ 57 |78 58§
AIR ~ Minimum flow of 152 m/min RESILIENT MOUNTINGG (optional) increase height by dimension M
{500 ft/min) on discharge side of body. Description Part No. No. off
) . Springs, red, motor end 17/2/1239 2
?’.A; Ed: = & In 0.d. water coil wound Springs, red, compressor end 17/2/1239 2
) Rubbers, upper . 17/2/1055 4
Rubbers, lower i 17/2/1056 4
Motor protection - ELECTRICAL DATA
, . R Y Y
ORM A Temperature and current sensi- - [7 0 220240 | 200220 | 4401480 | 550/600
// tive self resetting overioad cut- LT’hn;t - YT 3 Rl 3 3
out. No external current sens. -~ . ST L s - 3 -
ing protection required. : | Frequency, Hz 80 L 60 - 60 -
. B Lvockcd rotor cumntAi 54 445 24 ) 15,5 |
FORM B Temperature and current sensi- L Max.run currentA | " 110 9 | 4 | 3
tive seif resetting overload cut- Start capacitance uF 120 r
out connected at the star point [ Run capacitance yF 20 :
of the motor windings. No i Motor protection A g g |7 g T

external current sensing pro-
tection required.
T -
PrntedinCanada  Table 1. Specifications of compressor used on test Spec. No.1100-4/74
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| 0%, "
) A \V
) Y XYAL) Yaulr e
© [R50 ($5 PSi6 GAs Cwaees) #1193 p3is 73 psic’
B AT Dom AmBienT (13°F) # 2 g4 Psis 74 ‘
Ao SIDE-PRECIHCE MCERICO To TRIP
R-I12 (Ccn: AMmo anr Fitt) N "‘U'Psm 7 P3G
Bucl AT Covmn Ampianr (78°F) L2 10 70
Lo S0 poa=sy @i LACEIMIAT) TO TR & T 71 7}
- . ‘ v,
"CHARYTS Bfrow$ Lo Sipx PSIE NELD , Bucld ToOmpP Ditrrzasiné .
..... - R-502 .-
T o i = 2
I Y, 7/ SroL Lp 3/0& M Sioe Lp Si0e
Temt. | BALHS. PsiG Qutle |SRE2S XTI
32°| L3m¥ GO 32,5% Hmﬁ 60
. 21 sS4 45 20.5 |53 4.5
12 43 35 12 4% 2
2 33 25 2 33 25
A
. R-I2
) w2z ay
He Sid& Lo S04 ~t S.04 Lo S04 N Siod LoS:ioc
ane | By | P56 leems |Asezs]| Psic . |¥gh [WEHS| Psig
5 o7 40 E/ LY FE 40 52 |48pin %o
Ty 37 3o Yy} 37 30 42 33 30
55 [ 3) 25 35 | 32 25 35 32 25
23 23 V7 25 24 t? .25 24 17
14 ] J0 125 | 1 10 12.8 | 16 10

Table 2. Test results. of.differential pressure controls
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L _SPECIFICATIONS
Dimensions, Inches Connections
P Q R
Model |Nom't - 0.0. 0.0.} FPT
No. HP A 8 C 0 3 [ G | Sweat | Sweat
Kiux | 1-1/2 21.3/8| 281/2|13-1/8] 4.3/8! 8 3 2 12 s 172
K2x .| 2 2138 ] 261/2{13-1/8) 438} 8 3 2 12 8 34
K-3X 3 285/8 | 35 13-78] 438} 8 3 2 518 12 34
-5X 5 88/8 ] 381/2[18-3/41 5 938 s1/8 | 3 8 5/8 | 1
KI-12X| 2172 285/8] 35.3/4| 17.2/4] 5172|101/2].438 | 3 | 78 | 78 | /&
‘IK-10% {10 M-3/4 | 42174 (17-24] 8172{10-1/2 | 438 | 3 |1 e | V4
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- . Cl=mcoil of combressor contactor :
DP-ducl pressure safety cont:ol(high -10w ptessure céhtrol)
7. o.- thermal overload - ’ 4

 SOL=pump down. solencid . :

Lpmlow pressuie control (operating ¢antroi)

. DpCl=differential pressure control 1 %

‘ . - DPCZ-diffetentzal pressyre control 2
o . ‘3B-condenszng pressure control buld heater '

- Rlmauxiliaty, cantact of compressor contactor

CHmcrankcase heater . . - _
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