d

&

EMERSON. Technical Information

Climate Technologies

Date of last update: Sep 12 Ref: C7.19.1/0208-0912/E

Application Engineering Europe

COPELAND SCROLL™ COMPRESSORS USING VAPOUR INJECTION

O©CO~NOOTHA WN P

FOR REFRIGERATION

CONTENTS
a1 0T [0 1o o) o RSO PEPR 2
gl a el T o] (o) le] o 1=T 21 1 o] o B PP OT PP PUPPPP 2
CAPACIEY IO CT ... ———————————_————————————— 3
(@ 01T = 1410 T =T 0 1V7= 10T o1 4
MUILIPIE COMPIESSOT SYSTEIMS ...uuuuuuiiuuiuiiiuiniiuueeaeaaia e ea e naaaanannnannanananaaa i nnnn 4
Subcooler selection and aPPICALION .......ccccoieie i —————— 5
0 [T I = o = Y 8
Subcooler expansion valve and solenoid valve SEIECHION........ccooooiiiiiiie e 8
Vapour injection header and injection liN€ diamMEter...........cuuiii i 10
Expansion valve for Main @VAPOIATOI(S) .......uueeeiiiiieeiiiiie ettt ettt e et e e st et e e e sabe e e e e anbe e e e e nabneeeeanens 11
Liquid line SizeS aNnd COMPONENES .....cciiiiiie ittt ettt e bt e e st e e e rs bt e e e aab et e e e aabr e e e e anbb e e e e aabneeeennnnas 11
Line 1engths @nd INSUIALION ........ooiiiiii ettt e et bt e e e aabb e e e e s nbb e e e e aabne e e e nnens 11
Additional APPIICALION POINT .....ceiiiiiiie ittt e bt e aab et e s et b e e e e ebbe e e e aaabe e e e anbaeeeeanenes 12
Operation WithOUt VapOUF INJECTION .......eviiiiiieiiieieiiieieieeeee et ee e e eeeeeeeeeeeeeeseeeaseseeaeseaesssssssesssssssssssesssssssssnnnnes 12
Discharge temperature proteCtion ............ccoooi i 12
LT U] =T 1 A=Y= 1S T T =] - Y PPt 12
(O 01T o 1 11 AT ST PUP PP PPPT 12
Saturated INEMMETIALE PIrESSUIE ......eviiiieiiiiieieieeeeeeeee ettt et ettt ettt eeeeaeteeeeeeeeeeesaeeaeaseeaesesesssssssssssssesssssssssssesnsnnnnns 12
RV 2= Vo L0181 T =Tex 1o o 1P PPPPPPPPPRt 13
Liquid temperature 1€aving the HX ...ttt s e et e e e saeees 13
Liquid temperature entering SYStEM @VAPOIALOIS .......uiiiiuiiieiiiiie ettt sttt s eabee e e e eneees 13
Plate heat exchanger / Vapour injection solenoid valve operation............ccccveeeiieiiiieiieeee e 13
Arrangement for multiple scroll vapour iNJECHION COMPIESSOIS .....ouuuiiiiiiiiie ittt aeeee s 14

1/14



&

&
EMERSON

limate Technologies

C7.19.1/0208-0912/E

Technical Information

1 Introduction

The vapour injected scroll compressor makes use of an economizer with the vapour compression cycle. This cycle
offers the advantages of more cooling capacity and a better COP than with a conventional cycle. Both the capacity
and the COP improvement are proportional to the temperature lift and this technology offers best results at low
evaporating temperatures where capacity and efficiency are most needed. It is usually possible to specify a smaller
displacement compressor for a given cooling load. Additionally the cooling provided by the interstage injection allows
the compressor to operate over a similar envelope to a conventional liquid injected model, and so the vapour-injected
scroll can operate at all the normal low temperature application conditions.

2 Principle of operation
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Figure 1: Circuit diagrams showing the main circuit, mass flow rate m, the economizer circuit and the mass flow rate i

As shown in Figure 1, a portion of the condensed liquid i is expanded through an expansion valve into a counterflow
brazed-plate heat exchanger (HX), which acts as a subcooler. The superheated vapour is then injected into an
intermediate vapour injection port in the scroll compressor. The additional subcooling increases the evaporator
capacity by reducing the temperature of the liquid from T, to T, o, thus reducing its enthalpy. The additional condenser
mass flow, i gives a corresponding increase in the heat rejection at the condenser.

The vapour-injected scroll compressor cycle efficiency is higher than that with a conventional single-stage scroll
delivering the same capacity because the added capacity from subcooling is achieved with less power. The
incremental vapour created in the subcooling process is compressed only from the higher interstage pressure rather
than from the lower suction pressure.

The cooling effect is achieved by the addition of vapour to the compression process at the intermediate pressure and
at temperature Tyo which is controlled by the HX expansion device.

Figure 2: Position of the injection ports in the scroll set and the internal tubing connecting the injection inlet with the
scroll set

The vapour is injected into the scroll set at an intermediate point in the compression process via two symmetrically
positioned ports as shown on the left in Figure 2. The size and position of these ports have been optimised to ensure
maximum COP and capacity benefit at typical operating conditions. A single inlet connection on the shell
communicates with the injection ports via a flexible tube as shown on the right, and drillings in the fixed scroll. The
flexibility ensures that axial compliance is maintained.
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3 Capacity effect

C7.19.1/0208-0912/E

With the vapour-injected (VI) scroll there is much less change in capacity as condensing pressure changes than with

conventional compressors.

The blue line in Figure 3 representing the VI scroll characteristic has a lower slope than that of the conventional
compressor. Less capacity is delivered when the condensing temperature falls, and this results in less cycling and

better COP because the condenser is less heavily loaded during the run period.

Capacity,Q
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Injected Scroll

{Larger Displacement)
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Figure 3: Capacity variation and cooling load characteristics

For a design point capacity of 4kW a reciprocating compressor will deliver typically 6 to 7kW when the condensing
temperature falls to 20°C, as shown in Figure 4. For a constant load this represents 50-75% over capacity. By
contrast a VI scroll having equal design point capacity would deliver 4.5kW or just 12.5% over capacity.
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Figure 4: Capacity variation with condensing temperature, R404A
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4 Operating envelope

Figure 5 shows the wide operating envelope for the VI scrolls and illustrates the marginal effect of high suction gas
return temperatures.

Cond
Temp “C

m_ __,__.--"'-'J-

» /(
Limit 25°C SGT

T T T T T T T T T T tympomtng
<A -3% -30 -2 -20 15 10 -5 ] 5 10 Temp®C

Figure 5: Operating envelope for VI Scroll with suction gas temperature 0°C showing cut off for 25°C, R404A

5 Multiple compressor systems

Multiple VI compressors can share one subcooler (HX) and Electronic Expansion Valve (EXV) as shown in Figure 6.
Solenoid valves must be fitted to the individual vapour injection lines to close when the compressor is switched off.
This is to avoid excessive quantities of liquid entering the compressor during standstill.

Condenser
FD
5G
1
| D% {9 Compressors
. ®
HX EXV ; .
SV's
: Evapnorator é_l
4 X\/ Phial .
To XV From Evaporators

Figure 6: Arrangement for multiple compressors using one heat exchanger (HX)
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6

The SWEP or Alfa Laval HX selection for up to 6 VI scrolls of each size is shown in tables below. This selection is
based on R404A for standard conditions, -35/40°C with R404A and will be applicable to most low temperature

Subcooler selection and application

applications.
o:s:)?\L;:len;Zirrs Heat Exchanger model (SWEP)
ZF13KVE | ZF18KVE | ZF24KVE | ZR33KVE | ZF4OKVE | ZF48KVE
1 B8T-14 B8T-14 B8T-14 B8T-20 B8T-20 B16-20
2 B8T-14 B8T-20 B16-20 B16-20 B16-30 B16-30
3 B16-20 B16-20 B16-20 B16-30 B16-30 B16-30
4 B16-20 B16-20 B16-30 B16-30 B16-40 B16-40
5 B16-20 B16-20 B16-30 B16-40 B16-40 ([ B120T-30
6 B16-20 B16-20 B16-40 B16-40 [ B120T-30 | B120T-30
Table 1
0:2;1;:’;;23:3 Heat Exchanger model (Alfa Laval)
ZF13 KVE ZF18 KVE ZF24 KVE ZF33 KVE ZF40 KVE ZF48 KVE
1 AC30-10EQ|AC30-10 EQ|AC30-14 EQ|AC30-20 EQ|AC30-24 EQ|AC30-24 EQ
2 AC30-14 EQ|AC30-20 EQ|AC30-24 EQ[AC30-34 EQ|AC30-40 EQ[AC30-40EQ
3 AC30-24 EQ|AC30-24 EQ|AC30-40 EQ|AC30-50 EQ|AC30-60EQ|AC30-60EQ
4 AC30-30 EQ|AC30-34 EQ|AC30-50 EQ|AC30 - 60 EQ|AC70 - 30 HX| AC70 - 30 HX
5 AC30-34 EQ|AC30-40 EQ|AC30-60 EQ|AC70-34 HX| AC70 - 40 HX| AC70 - 40 HX
6 AC30-40 EQ|AC30-50 EQ|AC70 - 30 HX| AC70 - 40 HX| AC70 - 50 HX| AC70 - 50 HX

Table 2

For sizing alternative HXs or for different conditions the first step is to establish the load. This can be found using the
Copeland® brand products Selection Software (see below). The liquid outlet temperature T,o and saturated
intermediate temperature T, can also be found from the software. The heat balance across the HX may then be used
to establish the load. Please refer to Figure 7. For optimum performance it is best to choose 5K heat exchanger AT
and 5K heat exchanger superheat as shown.

4 From Condenser
%
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¥ Crt e [ P Py oftis 91
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Figure 7: Heat balance method for calculating the HX load and injection mass flow rate
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It should be noted that the benefit of natural subcooling, ie, condenser subcooling is limited to a maximum of
approximately 5K. Further natural subcooling leads to little further reduction in liquid temperature T o. The subcooler
performance is based on a temperature difference ATyy of 5K.

B Select 6 i (=
[ﬁl; Proferarces Wiew Tocs Goonlne Help
: e (Lo ‘ System Parameter
§ Pefigaant " Reqd Evap Capacty Evaporaling Tempersture ‘T (w38 -35.00 5 SuctionlinePD 20K / Summa
R4S = Shes Useful Superheat & v 32 1000 § Dischaigeline 00K y
S Power Supgly A Suchon Gas Retum 'C > Df 2000 2 EViLgudline  10.0K
& S0H:  §0H: ZF!JI‘EI‘F = Condensing Temperotwe © v 43 4000 & || TemeoRie
D EVI -
360/420v - 37 -50Hz > Liguid Temparature 'C v =f 4000 3 M
A " = @ EN | = < i
LR AT
Compressars | Condensing Uriks | Conicks | . ZF13KVE-TFDEVI  »
Pesformance lT&lesI Em«‘wel Drawingl Selection isll F\Mml Techvical Data | A sones] Techrica
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I Inchades EV1 Economzer Load k\w/ 106 - A
@Hesng [T pe—— 24 ——— HX Liquid Outlet Temperature

Figure 8: Selection Software screen showing HX capacity and system parameters

In the Selection Software the value of the liquid temperature T,o is provided along with the subcooler load and
saturated injection temperature Ts,. Additional system parameters are shown at the top right of the screen and these
may be input and adjusted by activating the system view button. Ensure that when the system view screen appears,
the “Show Vapour Injection” option is activated:

x|
Enter System Parameters

System Diagram

8 R40sA EVILiqudLie TempRiseK. ¥ Bl 100 &

P-h Diagram
with Vapou Irgection

Liquid Temp. Increase
After Leaving HX

D820

l"ﬂ—l $E£10.0K
%0
=

20K

Useful Superheat

Suction Line Pressure Drop
7 tee | SOk | % caa | Hide Vapou Iriecion |

Figure 9: Selection Software screen showing HX capacity and system parameters

It is quite often necessary to make an allowance for liquid heat gain between the heat exchanger and the expansion
valve. If the liquid line is routed through regions where the surrounding temperature is above the liquid outlet
temperature T o there will be a rise in temperature with a corresponding small loss of system capacity. This liquid
temperature increase after leaving HX (also called EVI liquid line temperature rise) can be adjusted on this screen.

Downstream extraction shown in Figure 10(b) refers to taking the liquid for the HX expansion device from the HX
liquid exit as shown. This method is sometimes proposed to ensure good subcooling at the TXV inlet. Whilst there is
no overall heat gain or loss compared to the usual upstream extraction it does mean that the injected mass flow i, is
passing through the HX twice and incurring extra pressure drop on the liquid cooling side. This may result in the need
for a larger HX. Also downstream extraction requires more connections and tubing on the subcooled liquid side all of
which need to be insulated to ensure minimal heat gain. For these reasons downstream extraction is less preferable
than upstream shown in Figure 10(a).
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_ m+ _ m+ i
m[ m
(a)

(b)

Figure 10: Liquid extraction (a) Upstream (recommended) (b) Downstream (not recommended)

k=

The Subcooler HX must be installed vertically with the vapour entry at the bottom. The expansion valve should be
connected at a distance between 150 mm and 200 mm from the vapour entry and at a position not lower than inlet
connection.

Figure 11: Position of the expansion valve and bulb when using a plate heat exchanger

Where a thermostatic valve is used the bulb of the expansion valve should be positioned 400 — 600 mm from the
vapour outlet preferably after a bend and on the inside as shown on the left in Figure 11. The position of the bulb
relative to the section of the tube is illustrated. It should not be attached underneath the tube. External equalisation is
not essential. The tubing between the expansion valve and the HX entry may either be straight or include a bend as
shown on the right in Figure 11.

For multiple compressor systems an electronic expansion valve is recommended (see below).

It is most important that the connection diameter at the entry to the HX is small enough to induce the turbulence
required for uniform distribution and evaporation. Table 3 below may be used as a guide:

Model |Vapourinlet| Vapour outlet |Liquid inlet| Liquid outlet
B8T-14 1/4" 1/2" 1/2" 1/2"
B8T-20 1/4" 1/2" 1/2" 1/2"
B16-20 1/2" 7/8" 1/2" 1/2"
B16-30 1/2" 7/8" 1/2" 1/2"
B16-40 5/8" 13/8" 5/8" 5/8"
B120T-30 7/8" 13/8" 13/8" 13/8"
Table 3

7114
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7 Liquid receiver

A liquid receiver may be necessary to accommodate charge variations over the operating condition range. It should
always be fitted in the condenser outlet liquid line and not in the heat exchanger outlet liquid line. This is because
vapour phase may be present in a receiver and this is only possible with saturated liquid.

Condenser |«

| Receiverl

Q@ Solenoid Valve

Vapour Injection
TEV Scroll

Evaporator

Figure 12: Where not to place the liquid receiver
8 Subcooler expansion valve and solenoid valve selection

The expansion device used in conjunction with the subcooler HX may be a TXV or an electronic expansion valve
(EXV). A solenoid valve should be added if the expansion device does not completely close. This is to avoid liquid
migration to the compressor during the off cycle. The solenoid valve may be in the liquid line or the vapour line. A
liquid line position is usually preferred because the valve is smaller but a vapour line installation will be necessary if
multiple compressors are used in parallel as shown in Figure 6.

Table 4 below may be used as a guide for selection of the EXV:

Total number Electronic stepper motor valve
of compressors ZF13KVE | ZF18KVE | ZFR24KVE | ZF33KVE | ZHOKVE | ZH8KVE
1 EX4 EX4 EX4 EX4 EX4 EX4
2 EX4 EX4 EX4 EX4 EX4 EX5
3 EX4 EX4 EX4 EX4 EX5 EX5
4 EX4 EX4 EX4 EX5 EX5 EX5
5 EX4 EX4 EX5 EX5 EX5 EX5
6 EX4 EX5 EX5 EX5 EX5 EX5

Table 4

If an EXV is used it should be a variable orifice type. Pulse modulating types are unsuitable because the internal
volume of the HX is low and they will give rise to unstable operating conditions which may result in an unacceptable
quantity of liquid overfeed.
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TXV’s can be used with multiple compressors. The recommended expansion valves together with solenoid valves
appropriate for vapour lines (up to 2 compressors) are shown in Table 5 below:

Number of Thermostatic expansion valves and solenoid valves
Components

BRI ZF13KVE | ZF18KVE | ZF24KVE | ZF33KVE | ZF40KVE | ZF48KVE
. ™@ TX3-S22 | TX3-S23 | TX3-S24 | TX3-S24 | TX3-S25 | TX3-S25

svi 110 RB2 | 110 RB2 | 110 RB2 | 200 RB3 | 200 RB3 | 200 RB3

™ TX3-S24 | TX3-S25 | TX3-S25 | TX3-S26 | TX3-S27 | TX3-S28

2 svi 110 RB2 | 110 RB2 | 110 RB2 | 200 RB3 | 200 RB3 | 200 RB3

SV2 200 RB3 | 200 RB3 | 200 RB4 | 200 RB4 | 200 RB4

Table 5: Components

Number of Thermostatic expansion valves and solenoid valves
running Components

Eonplcssars ZF13KVE | ZF18KVE | ZF24KVE | ZF33KVE | ZFAOKVE | ZF48KVE
™V TX3-S24 | TX3-S25 | TX3-S25 | TX3-S26 | TX3-S27 | TX3-S28
]Z-grf]f Sv1 110RB2 | 110 RB2 | 110 RB2 | 200 RB3 | 200 RB3 | 200 RB3

SVv2 Off Off Off Off Off Off
™V TX3-S24 | TX3-S25 | TX3-S25 | TX3-S26 | TX3-S27 | TX3-S28

; 82 sv1 off off off off off off
Sv2 110 RB2 | 200 RB3 | 200 RB3 | 200 RB4 | 200 RB4 | 200 RB4

Table 6: Example (Rack with 2 compressors)

Servo-operated solenoid valves require a minimum pressure drop of approximately 0.05 bar to remain fully open. In
case of insufficient refrigerant flow this value will not be reached and the solenoid valve may close unintentionally.
These closures may lead to malfunctions and oscillations in the refrigerant circuit. Improper sizing of solenoid valves,
ie, use of excessively large solenoid valves is the main cause of this effect. This is particularly important in capacity
controlled refrigeration circuits. Therefore the decisive factor for proper solenoid valve is the respective capacity of the
valve and not its connection size.

Where more than two compressors are used it may still be possible to size thermostatic expansion valves. Special
care has to be given to the selection of the TXV to allow for part load operation. Good refrigerant distribution is
required in the common heat exchanger as well as sufficient velocities for oil return even at part load. Two different
TXV’s controlled by individual solenoid valves, may be necessary. For example one at 100% full load and the second
solenoid valve for 30% of full load. (see Figure 13).

| Condenser |

7
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g i 5
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~
-
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"'!:_ » .""u'rm
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e
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Figure 13: Control of the vapour injection superheat with two separate TXV’s
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9 Vapour injection header and injection line diameter

The injection line diameter should be correctly sized for vapour with minimal pressure drops if optimum performance
is to be maintained. Tables 7 & 8 below show the recommended sizes for the headers (multiple compressors) and
the lines to individual compressors. These sizes should follow the size of the compressor injection connection.

Total number Vapour injection header diameter
of compressorsf 71 3 E | ZF18KVE | ZF24KVE | ZF33KVE | ZF40KVE | ZF48KVE
1 1/2" 1/2" 5/8" 5/8" 5/8" 5/8"
2 7/8" 5/8" 11/8" 11/8" 11/8" 11/8"
3 7/8" 3/4" 11/8" 13/8" 13/8" 15/8"
4 718" 7/8" 11/8" 1 3/8" 1 3/8" 15/8"
5 11/8" 11/8" 13/8" 15/8" 15/8" 21/8"
6 11/8" 11/8" 1 3/8" 15/8" 15/8" 21/8"
Table 7
Model Va.pour.injection
line diameter
ZF13KVE - TFD 1/2"
ZF18KVE - TFD 1/2"
ZF24KVE - TWD 5/8"
ZF33KVE - TWD 5/8"
ZF40KVE - TWD 5/8"
ZF48KVE - TWD 5/8"
Table 8

The diagram in Figure 14 shows the recommended arrangement for the vapour injection with multiple compressors.
The layout should be such that excessive amounts of oil do not accumulate in the header.

——
=5 T
e

(Bends)
%" Vapour lines ~
\\_\\H\“h‘*
Alco 200RB4 ziﬁr;:wz
Solenoid Valve o, |
= |
—> Vapour Inj Header 11/8" dia
Yapour L
from HX

Figure 14: Example of vapour injection arrangement for five ZF18KVE scroll compressors
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10 Expansion valve for main evaporator(s)

When using a thermostatic expansion valve (TXV) it must be sized taking into account the appropriate liquid
subcooling and this may result in a smaller valve than would normally be the case.

11 Liquid line sizes and components

Liquid line components also need to be sized taking into account the appropriate liquid subcooling. Recommendations
are shown in the following tables:

et Main liquid line diameter
of compressors | oo ve | zZFISKVE | ZF24KVE | ZF33KVE | ZFAOKVE | zF4skvE
1 3/8" 3/8" 3/8" 1/2" 1/2" 5/8"
2 3/8" 1/2" 5/8" 5/8" 5/8" 7/8"
3 1/2" 5/8" 5/8" 7/8" 7/8" 7/8"
4 5/8" 5/8" 7/8" 7/8" 7/8" 13/8"
5 5/8" 7/8" 7/8" 13/8" 13/8" 13/8"
6 5/8" 7/8" 7/8" 13/8" 13/8" 13/8"
Table 9
Total number Filter drier
of compressors | Jpiave | zZFISKVE | ZF24KVE | ZF33KVE | ZFAOKVE | zF4sKVE
1 ADK-053S | ADK-053S | ADK-053S | ADK-084S | ADK-084S | ADK-084S
2 ADK-083S | ADK-084S | ADK-084S | ADK-165S | ADK-165S | ADK-307S
3 ADK-084S | ADK-164S | ADK-165S | ADK-307S | ADK-307S | ADK-417S
4 ADK-165S | ADK-165S | ADK-307S | ADK-307S | ADK-417S |ADKS-4811T
5 ADK-165S | ADK-307S | ADK-417S |ADKS-4811T|ADKS-4811T|ADKS-4811T
6 ADK-305S | ADK-307S | ADK-757S |ADKS-4811T| ADKS-489T |ADKS-4811T
Table 10
Total number Sight glass
of compressors | oauve | zRiSKVE | ZR24KVE | ZF33KVE | ZFAOKVE | zFaskve
1 MIA 038 MIA 038 MIA 038 MIA 012 MIA 012 MIA 058
2 MIA 038 MIA 012 MIA 058 MIA 058 MIA 058 MIA 078
3 MIA 012 MIA 058 MIA 058 MIA 078 MIA 078 MIA 078
4 MIA 058 MIA 058 MIA 078 MIA 078 MIA 078 AMI-2S511
5 MIA 058 MIA 078 MIA 078 AMI-2S11 | AMI-2S11 | AMI-2S11
6 MIA 058 MIA 078 MIA 078 AMI-2S11 | AMI-2S11 | AMI-2S11

Table 11

12 Linelengths and insulation

The liquid line from the HX to the expansion valve(s) needs to be well insulated. Vapour lines between both
expansion devices and the heat exchangers (evaporator and subcooler) need to be kept as short as practical and well
insulated. The subcooler HX should also be insulated. All lines shown in blue colour in the circuit diagrams require
insulation.

Liguid line temperature rise: In many installations where the compressor(s) is (are) situated away from the
evaporator(s) the liquid temperature will increase during its travel from the HX to the evaporator. Even with insulated
lines this temperature rise can result in a small loss of capacity. The heat gain may be estimated by calculation
methods and a typical value for liquid temperature rise is 0.7K over 10 meters when passing through areas at 20°C air
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temperature. To adjust capacity for this effect in the Selection Software go to “System View => Show Vapour
Injection” and enter a value for liquid temperature rise. Please refer to Figure 9.

13 Additional application point

13.1 Operation without vapour injection
The ZFKVE models may be operated without vapour injection to give limited capacity control.

Approximate % Capacity Decrease
45 \
40

N

35
30 x
25 [ ———
. \C \

-40 -35 -30 -25 -20

Evaporating Temperature “C

Figure 15: Chart showing approximate % capacity reduction obtained if changing to operation without VI

Figure 15 shows the approximate % capacity reduction obtained at various condensing temperatures when the
vapour injection is shut off. The capacity reduction effect is limited, particularly at lower condensing temperatures, and
since the COP is always higher with vapour injection it is usually preferable to maintain this mode of operation at all
conditions.

13.2 Discharge temperature protection

High discharge temperature protection should always be fitted to each compressor as detailed in the application
guidelines. This ensures the compressor cannot overheat in the event of loss of vapour injection cooling. It may be
incorporated into the control circuit using an appropriate sensor. Some larger models have built-in protection in which
case it may be desirable to install an external sensor integrated with the control circuit to avoid tripping the motor
protector.

13.3 Current sensing relay
It is recommended that compressors with internal motor protection (ZF09/13/18) are fitted with a current sensing relay
which is connected to close the solenoid valve in the event of motor trip.

14 Check list

Compressor Type(s):
Serial Numbers:
Installed by:

Date Installed: No of Compressors:
System:

14.1 Saturated intermediate pressure

Check the injection pressure entering the compressor furthest from the HX. If different from design check:
= Check AP in the injection line (Py, — Pcy, see Table 12 for explanation).

= Correct size T/EXV for the HX.

=  T/EXV is set up correctly.

= Check AP in the HX. If too large check size and type of HX.
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14.2 Vapour injection

The vapour injection temperature entering the compressor furthest from the HX should be 5K above the dew
saturated intermediate temperature (S.1.T.). If different:

= Check AT across the vapour injection line (Tcyi - Tvo)-
= EXV superheat is set up correctly.
= Position of sensing bulb on pipework.

14.3 Liquid temperature leaving the HX

The liquid temperature leaving the HX should be 5K above the Saturated Intermediate Pressure corresponding
Temperature. Aim for circa 5K At at the HX = Liquid out temperature — Vapour in temperature (T, _ Tv;). This will give
efficient and economic operation.

14.4 Liquid temperature entering system evaporators

All liquid lines including liquid headers to the evaporators should be adequately insulated.

Check the liquid temperature entering the system expansion valves furthest from the HX. The temperature entering
the evaporators should be within the end users specification for subcooled liquid lines.

14.5 Plate heat exchanger / Vapour injection solenoid valve operation

The function of the vapour injection solenoid valve is to control injection of the vapour into the compressors. When the
compressor stops the solenoid should close stopping injection into the compressor. However, this should not affect
the operation of the HX TEV’s controlling the saturated intermediate pressures and temperatures.

To ensure this operation works satisfactory the following procedure is recommended, referring to the example in
Figure 16 using 4 compressors with all of the compressors running:

=  Stop compressor No. 1:

o Ensure compressor No.1 vapour injection solenoid valve stops the vapour injection into the compressor by
checking the vapour injection pressure.

o Check the liquid-in temperature to the HX (T;) and (T,,) the subcooled liquid-out temperature has not
changed significantly. HX ATsc = (Tyi-Too).

= Stop compressor No. 2, repeat checks for compressor No. 1 with compressor No. 2.
= Stop compressor No. 3, repeat checks for compressor No. 1 with compressor No. 3.
= Compressor No. 4 is still running.
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LOCATION OF READING SCROLL VI COMPRESSORS

Compressor Configuration (e.g.1& 2,1, 2,3 & 4 etc.)
Compressor Tci- Temp. Inlet °C
Compressor Pci- Press. Inlet Bara
Compressor Tco - Temp. Outlet °C
Compressor Pco - Press. Outlet Bara
Compressor Tevi - Vapour Injection Inlet °C
Compressor Pcvi - Vapour Injection Inlet Bara
Ap across Vl line |AP - Difference (Pcyi - Pyo) Bar
Compressor P, - Power Input Kw
Compressor A - Current Amps
Subcooler (HX) [T.- Temp. Liquid Inlet °C
Subcooler (HX) |TL, - Temp. Liquid Outlet °C
At across HX ATgc - Subcooling thro' HX (T-T,,) K
Subcooler (HX) |T.i- Temp. Vapour Inlet °C
Subcooler (HX) |Py- Press. Vapour Inlet Bara
Subcooler (HX) [Ty, - Temp. Vapour Outlet °C
Subcooler (HX) |Py, - Press. Vapour Outlet Bara

XV* This valve is not shown on the diagram below

XV* Tyvii - Temp. Liquid Line entering XV °C

XV* Tywo - Temp. Entering Evaporator °C

XV* Txvp - Temp. XV Bulb °C
At across Evap. |AT - Tyvp ~Txwwo K

XV* Press. at XV Bulb Bara
Table 12

14.6 Arrangement for multiple scroll vapour injection compressors
Readings taken at compressor No. 1 below should also be taken for compressors No. 2, 3 & 4 if in situ.

Receiver Condenser

SG FD ]

T ] z\\‘“] % \Zﬂ 3} Compressor

] Tco, Pco
o X _ 8

EXV
T d
TLo « SV,S T ch ) Pc|
Tvi. Pu [
* Tevi,
To Expansion Valve (XV*) From Evaporators

Figure 16
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