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CHAPTER 3

SOLENOID EXPANSION VALVES

FOR REFRIGERATION PLANTS THAT USE HCFC OR HFC REFRIGERANTS, HFO

APPLICATIONS

The solenoid expansion valves in series 2028 illustrated in

this chapter can be used in a wide range of applications as

listed below:

e Refrigeration systems (display cases in supermarkets,
freezers, ice cream and icemaker machines, refrigerated
shipping, etc.).

e Air conditioning systems

e Heat pump systems

e Liquid chillers

That use the following refrigerant fluids:

e HCFC (R22)

e HFC (R134a, R404A, R407C, R410A, or R507)

e HFO and HFO/HFC mixtures (R1234ze, R448A, R449A,
R450A, and R452A)

belonging to Group 2, as defined in Article 13, Chapter 1(b)

of Directive 2014/68/EU, with reference to EC Regulation

No. 1272/2008.

The same solenoid valves can also be installed on systems

that use the following refrigeration fluids:

e HFC (R32)

e HFO (R1234yf)

classified as A2L in the ASHRAE 34-2013 standard, and

belonging to Group 1, as defined in Article 13, Chapter 1,

Point (a) of Directive 2014/68/EU, with reference to EC

Regulation No. 1272/2008.

For specific applications with refrigerant fluids not listed

above, please contact Castel Technical Department.

OPERATION

The valve in series 2028 is a throttling device that receives
liquid from the condenser and injects it into the evaporator,
creating the necessary pressure drop across the expansion
orifice. It regulates the refrigerant flow into the evaporator
by modulating the opening time phase of the shutter,
allowing for a wide power range. It is an ON/OFF valve that
must be regulated with the Pulse Width Modulation (PWM)
principle and it can be actuated by a very simple electronic
controller. According to the PWM principle, the evaporator
refrigerant flow rate, QT, required in a fixed period “T”, is
delivered by the valve in a time interval “t”, shorter than “T”,
during which the maximum flow rate is allowed (ON step).
In time period that remains, T - t, the valve stays closed (OFF
phase).

For an effective regulation, the PWM valve must be sized
in such a way that, under the most severe operating load
conditions, the orifice of the valve is large enough to deliver
the refrigerant required. In these extreme conditions, the
valve will stay open for the entire period “T”.

The use of an electronic regulator allows a more accurate
metering of the refrigerant, obtaining a greater efficiency in
time (and a sensible decrease in machinery management
costs) and a faster response to the variations of the
evaporator load.

CONSTRUCTION

The valves in series 2028 are supplied complete with
orifice. Nine different orifices with nine different maximum
capacities that range from orifice 01 to orifice 09 can be
assembled. The last two numbers in the part number
identify the type of orifice that has been mounted on the
valve at the factory. For example, part number 2028/3502
identifies a 3/8” valve with solder connections and size 02
orifice. The orifices are interchangeable and can be mounted
even after the valve is soldered on the system. If you wish
to change orifice, purchase the corresponding spare parts
kit, according to the part number indicated in Table 14.
Inside the valve body is a ring mesh filter that traps dirt and
contaminants at the valve inlet.

Valves in series 2028 are sold exclusively in the model
without coil (suffix S).

The main parts of the valves in series 2028 are manufactured

with the following materials:

e Hot forged brass EN 12420 — CW617N for the body

e Hot forged brass EN 12420 — CW724R for mobile plunger
valve sleeve
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e Ferritic stainless steel EN 10088-3 — 1.4105 for the fixed
and mobile plungers

e Austenitic stainless steel EN 10088-3 — 1.4301 for the
mesh filter

e Austenitic stainless steel EN 10088-3 — 1.4305 for orifice

e Copper pipe EN 12735-1—Cu--DHP for solder connections

e PTFEE. for seat gaskets

e Chloroprene rubber (CR) for outlet seal gaskets

SELECTION
To dimension a valve in series 2028 for a refrigerating
system correctly, the following design parameters must be
available:
e Type of refrigerant
* Evaporator capacity, Q,
* Evaporating temperature/pressure, T_/p,
 Minimum condensing temperature/pressure, T./ p,
e Liquid refrigerant temperature at valve inlet, T,
e Pressure drop in the liquid line, distributor
and evaporator, Ap
The following procedure helps the correct dimensioning of
an expansion valve for a refrigeration plant.

Step 1
Determine the pressure drop across the valve. The pressure
drop is calculated using the equation:

APy =P, ~( P, +4p )

where:

e P_=condensing pressure

e P, = evaporating pressure

e Ap = sum of pressure drops in the liquid line, distributor
and evaporator at the maximum flow rate, that is with the
valve always open

Step 2

Evaporator capacity correction with subcooling. The
evaporator capacity, Q,, must be suitably sized based on
the subcooling value. The subcooling is calculated using the
equation;

'&Tsub = Tc = TI

In the subcooling correction factor table, find the appropriate
correction factor, F_, corresponding to the calculated AT_,

value and determine the required valve capacity using the
equation:

Step 3

Capacity correction based on the application. To obtain
a correct regulation with this valve, it is necessary it be
oversized so that its closing period is 25% to 50% of the
regulator’s total period, T. The correct choice of this potential
margin depends on the application, which can have variable
flow rate peaks, and on the control algorithm used by the
electronic control unit.

EXPANSION VALVES
VE-ED 01/2017 - ENG

Generally, however, this correction factor, F,, is highly
dependent by the evaporation temperature, T,, so it be
assumed equal to 125% for T, >= -15 °C and 150% for T,
<-15 °C. These generic values must be verified based on
the specific application.

The capacity of the valve must be at least equal to:

nw = an 'qwh

Step 4

Determine required orifice size. Use the pressure drop
across the valve, the evaporating temperature and the
correct evaporator capacity, Q,, calculated above, to select
the corresponding orifice size from the capacity table
corresponding to the chosen refrigerant fluid.

Step 5

Liquid line sizing. Since the valve operates under ON/OFF
criteria, during the opening phase, the flow rate can be
much higher than the average flow rate in the time period.
For this reason, the designer must size the diameter of the
pipes of the liquid line according to the maximum flow rate
across the orifice in the real conditions of Ap,, and to avoid
that a drop-in load cause a reduction in the maximum valve
power.

DIMENSIONING EXAMPLE

¢ Type of refrigerant; R404A

* Evaporator capacity, Q,: 2.8 KW

* Evaporating temperature, T : - 10°C

 Minimum condensing temperature, T : +35°C

* Liquid refrigerant temperature, T, : +20°C

e Pressure drop in the liquid line, distributor and evaporator,
Ap 2 bar

Step 1 - Determine the pressure drop across the valve.

e Condensing pressure at + 35 °C - P_=16.9 bar
e Evaporating pressure at — 10 °C - P, = 4.4 bar

Ap,, =16,9-(4,4+2)=10,5-bar

Step 2 - Determine required valve capacity

AT, =35-20=15-

From the subcooling correction factor Table 18B, we find

the appropriate correction factor, F_,, equal to 117 for AT,
=15 °K. The required valve capacity is

qﬂb -Z’BA1?-2.39'kw

Step 3 - Capacity correction based on the application
According to the above criterion, a correction of + 25% is
applied to the calculated capacity:

Q,, =125-239 =3-kW
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Step 4 - Determine required orifice dimension. Select the corresponding orifice, 04 (Note: the expansion
Using table for the capacity for refrigerant fluid R404A, valve capacity must be equal to or slightly greater than the
enter the data: calculated evaporator capacity).

e Pressure drop across the valve = 10.5 bar

e Evaporating temperature = - 10 °C

e Calculated evaporator capacity = 3 kW
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TABLE 13: General caracteristics of PWM expansion valves

0DS Connections Opening Pressure Differential [bar] i Risk
B Ky ) |n|m.Um TS [oc] TA[oc] Category
Catalogue | Orifice ) Operating | Working | PS accord-
[in] [mm] Factor MOPD L ; "
number Type 3 , principles Time | [bar] ing to
[m?/h] | MinOPD PED
N out| N | our 9160 | 9160 | 9320 | 9320 I min. | max. | min. | max. | Recast
(AC) | (BC) | (AC) | (DC) ) ) ) ||t
2028/3S01 3/8" | 1/2" - -
01 0,010
2028/M10S01 - - 10 12
2028/3502 3/8" | 1/2" - -
02 0,017
2028/M10S02 - - 10 12
2028/3S03 38" | 1/2" | - -
03 0,023 37 | 37
2028/M10S03 - - 10 | 12
37 | 37
2028/3504 38" | 12" | - -
04 0,043
2028/M10S04 - - 10 | 12
2028/3505 3/8" | 12" | - - PWM
05 0,065 0 (Pulse Width 1 45 | -40 [+100| -40 | +50 | Art.4.3
2028/M10S05 - - 10 | 12 Modulating)
2028/3506 3/8" | 12" | - -
06 0,113 27 18
2028/M10S06 - - 10 | 12
2028/4507 12" | 5/8" | - -
07 0,200 32 32
2028/M12S07 - - 12 16
14
2028/4508 1/2" | 5/8" | - -
08 0,230 18 27 | 27
2028/M12S08 - - 12 | 16
2028/4509 1/2" | 5/8" | - -
09 0,250 10 | 22 | 22
2028/M12S09 - - 12 16

Orifice Refrigerant

Catalogue | Orifice
number Type

Size
[mm] R134a R22 R32 R404A | R407C | R410A | R507A |R1234yf | R1234ze | R448A | R449A | R450A | R452A

9150/R63 01 0,5 0,74 1,04 2,44 0,73 1,18 1,16 0,76 0,56 0,59 1,02 1,13 0,63 0,90

9150/R64 02 0,7 1,47 2,08 4,88 1,47 2,35 2,31 1,52 1,12 1,17 2,04 2,26 1,26 1,81

9150/R65 03 0,8 1,74 2,46 5,74 1,73 2,77 2,72 1,79 1,32 1,39 2,40 2,66 1,49 2,13

9150/R66 04 1,1 2,81 3,99 9,34 2,81 4,50 4,42 2,91 2,13 2,24 3,90 4,32 2,40 3,46

9150/R67 05 1,3 4,81 6,81 15,91 4,78 7,68 7,54 4,96 3,65 3,84 6,64 7,37 411 5,90

9150/R68 06 1,7 6,67 9,44 22,06 6,63 10,65 | 10,45 6,88 5,06 5,33 9,21 10,22 571 8,19

9150/R69 07 2,3 10,52 | 14,92 | 3494 | 1049 | 16,83 | 16,54 | 10,88 7,98 8,39 14,57 | 16,15 8,98 12,95

9150/R78 08 2,5 12,68 | 17,96 | 42,00 | 12,62 | 20,26 | 19,89 | 13,09 9,62 10,12 | 17,53 | 19,44 | 10,84 | 15,58

9150/R79 09 2,7 14,07 | 1991 | 46,54 | 13,99 | 22,46 | 22,05 | 14,51 10,67 | 11,23 | 19,43 | 2155 | 12,03 | 17,27

Rated capacities are based on:
- Evaporating temperature T =+ 5 °C
- Condensing temperature T = + 32 °C

- Refrigerant liquid temperature ahead of valve T, = + 28 °C

liq
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TABLE 15A: Refrigerant R134a - Capacities in kW

Evaporating Temperature 10 °C Evaporating Temperature 0 °C
Orifice Orifice
Tye Pressure drop across valve [bar] Type Pressure drop across valve [bar]
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18

01 (06207308209 |09 |1,01|1,04]|106 107 | 01 |063]|074]|083]|090 |09 |100]|103]105]| 1,05
02 | 123|146 165|180 | 192 201|208 212|213 | 02 |126 | 1,48 | 1,66 | 1,81 | 1,92 | 2,00 | 2,06 | 2,09 | 2,10
03 | 1,46 | 1,72 | 1,94 | 2,12 | 2,26 | 2,37 | 2,44 | 2,49 | 250 | 03 | 1,50 | 1,75 | 1,96 | 2,13 | 2,26 | 2,35 | 2,42 | 2,46 | 2,46
04 | 235|279 315|345 | 368 | 386|399 | 406 | 408 | 04 | 242|284 | 3,18 | 3,46 | 3,68 | 3,84 | 3,95 | 401 | 4,02
05 | 4,03 | 477 | 538 | 587 | 6,27 | 6,57 | 6,78 | 6,90 | 6,95 | 05 | 4,14 | 485 | 543 | 590 | 6,26 | 6,53 | 6,72 | 6,82 | 6,83
06 | 560 | 662 | 7,46 | 8,15 | 869 | 9,10 | 9,40 | 9,56 | 963 | 06 | 575 | 6,73 | 7,53 | 8,18 | 8,68 | 9,06 | 9,32 | 9,45 | 9,47
07 | 8,80 [10,43|11,78|12,88 | 13,76 | 14,42| 14,90 | 15,17 | 15,27 | 07 | 9,04 | 10,61 | 11,90 [ 12,94 | 13,75| 14,35 | 14,77 | 14,99 | 15,02
08 |10,63|12,58 | 14,18|15,50 | 16,54 | 17,33 | 17,90 | 18,22 | 18,34| 08 |10,92|12,79| 14,33 | 15,56 | 16,53 | 17,24 | 17,75 | 18,00 | 18,03
09 [11,80(13,95|15,73|17,18|18,33|19,20(19,83|20,18| 20,31 09 |12,13|14,19(15,89|17,25| 18,32 | 19,11 | 19,66 | 19,94 | 19,98

Evaporating Temperature -10 °C Evaporating Temperature -20 °C
Orifice Orifice
Type Pressure drop across valve [bar] Type Pressure drop across valve [bar]
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18

01 | 064 075|083 |09 |09 09| 101]|102]|102| 01 |065|075]082]|088| 093|096 | 098 | 098 | 0,99
02 | 129|149 | 166 | 1,80 | 190 | 197 | 2,02 | 204 | 203 | 02 | 1,30 | 1,49 | 1,65 | 1,77 | 1,86 | 1,92 | 1,96 | 1,96 | 1,97
03 | 1,53 (1,77 | 196 | 211 | 223 | 232 | 237 | 239 | 239 | 03 | 1,55 | 1,76 | 1,94 | 2,08 | 219 | 2,26 | 2,30 | 2,30 | 2,32
04 | 246 | 2,86 | 3,18 | 3,44 | 363 | 3,78 | 3,87 | 390 | 3,90 | 04 | 2,49 | 2,85 | 3,15 | 3,38 | 3,56 | 3,68 | 3,75 | 3,76 | 3,78
05 | 422 | 488 | 543 | 586 | 6,19 | 6,43 | 6,58 | 6,64 | 6,63 | 05 | 427 | 4,88 | 538 | 577 | 6,06 | 6,27 | 6,37 | 6,40 | 6,43
06 | 586 | 6,77 | 7,53 | 813 | 858 | 891 | 912|921 | 919 | 06 | 593 | 6,77 | 7,46 | 8,00 | 8,41 | 8,69 | 883 | 8,87 | 892
07 | 9,20 (10,68|11,89|12,85|13,58| 14,12 | 14,45| 14,60 | 14,57 | 07 | 9,31 | 10,67 | 11,78 | 12,65| 13,31 | 13,76 | 14,00 | 14,07 | 14,14
08 |11,12(12,87|14,32| 15,46 |16,33| 16,97 | 17,36| 17,53 | 17,50 | 08 | 11,25|12,86 | 14,18 | 15,22 | 16,00 | 16,54 | 16,82 | 16,89 | 16,98
09 |(12,34|14,28|15,87|17,14|18,10|18,80| 19,24 | 19,42 19,38 | 09 |12,49 | 14,27 |15,73|16,88 | 17,73 | 18,33 | 18,64 | 18,71 | 18,81

Evaporating Temperature -30 °C Evaporating Temperature -40 °C
Orifice Orifice
Type Pressure drop across valve [bar] Type Pressure drop across valve [bar]
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18

01 | 065|074 |081 086 |09 |09309|09|09]| 01 |064|072]|078]|082]086 /087 |088] 087|085
02 | 130|148 161 | 172|180 185|187 187|184 | 02 128|143 | 15 |[165 | 1,71 | 175|176 | 1,74 | 1,69
03 | 1,55 | 1,75 190 | 203|212 217 | 220 | 219 | 216 | 03 | 1,52 | 1,69 | 1,83 | 1,94 | 2,01 | 2,05 | 2,06 | 2,04 | 1,99
04 | 249 | 282|309 |330 345|354 | 359|358 |352| 04 |244| 274|298 | 315|328 | 335|336 | 333|325
05 | 427 | 482 | 527 | 562 | 587 | 6,03 | 6,10 | 6,09 | 599 | 05 | 4,18 | 468 | 508 | 538 | 559 | 570 | 572 | 566 | 552
06 | 594|670 |731|780|8714 836|846 | 844|830 | 06 | 581|649 | 705|746 | 775|790 |793|784 | 765
07 | 9,33 [10,56|11,55(12,34 12,89 | 13,25 | 13,41 (13,39 | 13,17 | 07 | 9,13 | 10,24 | 11,13 11,79 12,26 | 12,52 | 12,58 | 12,43 | 12,14
08 |11,27(12,73|13,91|14,84|15,50 | 15,92 | 16,11 | 16,08 | 15,81 | 08 |11,03|12,34| 13,40 | 14,19 | 14,74 | 15,04 | 15,11 | 14,93 | 14,57
09 |[12,51(14,12|15,42|16,45 (17,18 | 17,64 |17,85|17,82|17,52| 09 |12,24|13,69 | 14,86 | 15,73 | 16,34 | 16,67 | 16,74 | 16,54 | 16,14

TABLE: 15B - Correction factors for subcooling Atsub # 4°K

Atsub [°K] 4 10 15 20 25 30 35 40 45
Fsub 1,00 1,06 1,12 1,17 1,23 1,29 1,35 1,44 1,49

When subcooling ahead of the expansion valve is other than 4 °K, adjust
the evaporatore capacity by dividing by the appropriate correction factor
found in Table 15B
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TABLE 16A: Refrigerant R22 - Capacities in kW

Evaporating Temperature 10 °C Evaporating Temperature 0 °C
Orifice Orifice
Tyne Pressure drop across valve [bar] Type Pressure drop across valve [bar]
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18

01 | 068 | 084|097 |108| 118|127 | 134|139 |144| 01 |072 087|100 | 112|122 | 130 | 1,37 | 1,43 | 1,47
02 | 1,37 | 167 | 1,93 | 2,16 | 2,36 | 2,53 | 2,68 | 2,79 | 287 | 02 | 1,43 | 1,74 | 2,00 | 2,24 | 2,43 | 2,60 | 2,74 | 2,85 | 2,94
03 | 162|198 | 228 | 255|278 298|314 327|337 | 03 |1,70| 206 236 263|286 | 306 |322] 335 | 3,45
04 | 262|320 | 3,70 | 414 | 453 | 485 | 512 | 534 | 551 | 04 | 2,74 | 3,33 | 3,84 | 428 | 4,66 | 4,98 | 525 | 547 | 563
05 | 448 | 546 | 6,32 | 7,06 | 7,71 | 8,26 | 872 | 9,09 | 9,36 | 05 | 4,70 | 569 | 6,55 | 7,29 | 7,93 | 8,48 | 8,94 | 9,30 | 9,58
06 | 622|758 | 877 | 980 |10,69|11,45[12,09(12,59|12,98| 06 | 6,52 | 7,89 | 9,08 | 10,12| 11,00 | 11,76 | 12,39 | 12,89 | 13,28
07 | 9,78 [11,95|13,85|15,49 (16,92 | 18,14 | 19,16 (19,97 | 20,59 | 07 |10,25|12,44|14,34|16,00| 17,41 | 18,63 | 19,64 | 20,44 | 21,06
08 |11,82|14,40| 16,67 | 18,64 | 20,35| 21,80 | 23,02 | 23,99 | 24,72 | 08 |12,38|15,00| 17,27 | 19,25 20,93 | 22,39 | 23,59 | 24,55 | 25,29
09 [13,12(15,98| 18,49 | 20,66 | 22,55 | 24,15 | 25,50 | 26,57 | 27,38 | 09 |13,75|16,64 | 19,15| 21,34 | 23,20 | 24,81 | 26,14 | 27,20 | 28,02

Evaporating Temperature -10 °C Evaporating Temperature -20 °C
Orifice Orifice
Type Pressure drop across valve [bar] Type Pressure drop across valve [bar]
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18

01 | 07409 | 103|114 | 124|132 | 138 | 1,44 | 148 | 01 | 0,77 {092 | 1,04 | 1,15 | 1,24 | 1,32 | 1,39 | 1,44 | 1,47
02 | 1,49 | 1,79 | 205 | 2,28 | 2,47 | 2,63 | 2,77 | 288 | 296 | 02 | 1,54 | 1,83 | 2,08 | 2,30 | 2,49 | 2,64 | 2,77 | 2,87 | 2,95
03 | 1,77 | 212 | 2,42 | 2,68 | 291 | 3,10 | 3,25 | 3,38 | 3,47 | 03 | 1,82 | 2,16 | 2,46 | 2,71 | 293 | 3,11 | 3,26 | 3,37 | 3,46
04 | 285 | 343 | 393 | 436 | 473 | 505 | 530 | 552 | 567 | 04 | 294 | 3,50 | 3,99 | 4,41 | 477 | 5,06 | 531 | 550 | 564
05 | 487|585 6,70 | 7,43 | 8,06 | 8,59 | 9,03 | 938 | 964 | 05 | 503 | 598 | 6,81 | 7,51 | 812 | 8,62 | 9,03 | 9,35 | 9,60
06 | 6,77 | 8,12 | 9,29 [10,31|11,18| 11,91 (12,51 | 13,00| 13,36 | 06 | 6,99 | 8,31 | 9,44 | 10,42| 11,26 | 11,95| 12,52 | 12,97 | 13,31
07 |10,64|12,81|14,68|16,30|17,69| 18,87 ( 19,83 | 20,62 | 21,19| 07 |10,99|13,09|14,91|16,48| 17,82 18,93| 19,85 20,56 | 21,11
08 |12,85|15,44|17,68|19,61|21,27 | 22,67 | 23,83 | 24,77 | 25,45| 08 |13,27|15,79|17,96| 19,83 | 21,42 | 22,75| 23,85 | 24,70 | 25,34
09 |14,26|17,13| 19,60 | 21,74 | 23,57 | 25,12 | 26,40 | 27,44 | 28,19 | 09 | 14,73 |17,51 (19,91 |21,98 | 23,74 | 25,21 | 26,42 | 27,36 | 28,07

Evaporating Temperature -30 °C Evaporating Temperature -40 °C
Orifice Orifice
Type Pressure drop across valve [bar] Type Pressure drop across valve [bar]
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18

01 | 078|092 |104|115 (123|131 | 137|141 144 | 01 | 080 | 093|104 | 1,14 122|129 | 1,34 | 138 | 1,41
02 | 1,56 | 1,84 | 209 | 2,29 | 2,47 | 262 | 2,73 | 2,82 | 289 | 02 | 159 | 1,86 | 2,09 | 2,28 | 2,45 | 2,58 | 2,69 | 2,77 | 2,82
03 | 1,85 | 218 | 2,46 | 2,70 | 2,90 | 3,07 | 3,21 | 3,31 [ 339 | 03 | 1,89 | 2,19 | 2,46 | 2,69 | 2,88 | 3,03 | 3,16 | 3,25 | 3,31
04 | 299 (353|399 |439|473]|501|523|540 | 553 | 04 |304 | 355|399 | 437|468 | 494 | 515 | 530 | 540
05 | 511|603 681|748 |805]| 852|890 919|940 | 05 |521 | 607|681 | 744 | 798 | 841 | 8,76 | 9,01 | 9,19
06 | 7,10 | 8,36 | 9,45 [ 10,38 | 11,17 | 11,82 (12,33 | 12,74|13,03| 06 | 7,24 | 8,42 | 9,45 | 10,32| 11,06 | 11,66 | 12,14 | 12,50 | 12,73
07 [11,16(13,19| 14,92 | 16,41 | 17,68 | 18,72 | 19,55 | 20,21 | 20,67 | 07 |11,37|13,28|14,92| 16,33 | 17,51 | 18,47 | 19,25| 19,81 | 20,20
08 [13,49(1590|17,97 [ 19,74 | 21,25| 22,50 | 23,49 | 24,27 | 24,82 | 08 |13,74|16,01|17,97| 19,64 | 21,05 | 22,20 | 23,12 | 23,80 | 24,25
09 [14,97(17,63|19,92| 21,88 |23,55| 24,93 | 26,02 | 26,89 | 27,50 | 09 |15,25|17,75|19,92| 21,77 | 23,33 | 24,60 | 25,62 | 26,36 | 26,87

TABLE 16B - Correction factors for subcooling Atsub = 4°K

Atsub [°K] 4 10 15 20 25 30 35 40 45
Fsub 1,00 1,05 1,10 1,15 1,20 1,25 1,29 1,40 1,45

When subcooling ahead of the expansion valve is other than 4 °K , adjust
the evaporatore capacity by dividing by the appropriate correction factor
found in Table 16B
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TABLE 17A: Refrigerant R32 - Capacities in kW

Evaporating Temperature 10 °C Evaporating Temperature 0 °C
Orifice Orifice
Tye Pressure drop across valve [bar] Type Pressure drop across valve [bar]
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18

01 | 1,16 | 1,46 | 1,74 | 2,01 | 2,26 | 2,50 | 2,72 | 293 | 313 | 01 | 124 | 155 | 1,85 | 2,12 | 2,38 | 2,63 | 2,86 | 3,07 | 3,28
02 | 232292348 | 4,01 | 452|499 | 544 | 586|626 | 02 | 248 | 311 | 3,69 | 424 | 476 | 525 | 571 | 6,15 | 6,56
03 | 275|345 | 411 | 473 | 531|587 (639|688 | 734 | 03 |295| 367 | 435|499 | 560|617 | 6,71 | 7,21 | 7,69
04 | 443 | 558 | 6,66 | 7,69 | 865 | 9,56 | 10,42 |11,22|11,98| 04 | 4,75 | 594 | 7,06 | 8,12 | 9,12 | 10,05 | 10,94 | 11,78 | 12,56
05 | 7,59 | 9,54 |11,37|13,10| 14,73 | 16,27 | 17,72 | 19,09 20,38 | 05 | 8,13 | 10,15|12,05| 13,84 | 15,53 | 17,12 | 18,62 | 20,03 | 21,36
06 |10,55|13,24 | 15,78 | 18,17 | 20,43 | 22,56 | 24,57 | 26,47 | 28,24 | 06 |11,29|14,09| 16,72 | 19,20 | 21,53 | 23,73 | 25,81 | 27,76 | 29,61
07 |16,58 | 20,87 | 24,92 | 28,73 | 32,33 | 35,74 | 38,95 | 41,97 | 44,80 | 07 |17,74|22,22| 26,41 | 30,36 | 34,08 | 37,59 | 40,90 | 44,03 | 46,97
08 |20,03|2516 | 30,00 | 34,57 | 38,87 | 42,96 | 46,79 | 50,40 | 53,80 | 08 |21,43|26,78 | 31,80 | 36,52 | 40,98 | 45,18 | 49,14 | 52,88 | 56,39
09 |[22,2327,91] 33,27 | 38,32 | 43,08 | 47,60 | 51,84 | 55,84 | 59,59 | 09 | 23,79 29,71 | 35,26 | 40,48 | 45,42 | 50,06 | 54,44 | 58,58 | 62,47

Evaporating Temperature -10 °C Evaporating Temperature -20 °C
Orifice Orifice
Type Pressure drop across valve [bar] Type Pressure drop across valve [bar]
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18

01 | 1,26 | 1,58 | 1,87 | 215 | 2,41 | 266 | 2,89 | 3,10 | 3,31 | 01 | 1,30 | 1,62 | 1,91 | 2,19 | 2,45 | 2,70 | 293 | 3,15 | 3,35
02 | 253|316 | 374|430 | 482|531 | 577|621 | 662 | 02 | 261 | 324|383 | 438|491 | 540 | 586 | 630 | 6,71
03 | 3,00 | 3,73 | 442 | 506 | 567 | 6,24 | 6,78 | 7,29 | 7,77 | 03 | 3,10 | 3,83 | 4,52 | 5,16 | 5,77 | 6,34 | 6,88 | 7,39 | 7,87
04 | 483 | 6,04 | 717 | 823 | 923 |10,17|11,06| 11,89 12,69 04 | 499 | 6,20 | 7,33 | 8,39 | 9,39 | 10,33 | 11,22 | 12,06 | 12,85
05 | 8,28 {10,32|12,23 | 14,02 | 15,72|17,31| 18,82 | 20,23| 21,57 05 | 8,55 | 10,59 | 12,51 | 14,30 | 16,00 | 17,59 | 19,10 | 20,52 | 21,85
06 |11,50(14,32|16,97 | 19,45 21,79 | 24,00 | 26,09 | 28,04 | 29,90 | 06 |11,87|14,70|17,35| 19,84 | 22,18 | 24,39 | 26,47 | 28,44 | 30,28
07 [18,08 22,57 | 26,79 | 30,76 | 34,50 | 38,02 | 41,35| 44,47 | 47,43 | 07 |18,66| 23,18 | 27,41 | 31,38 35,12 | 38,64 | 41,96 | 45,09 | 48,04
08 |21,84|27,21|32,26| 37,01 |41,48| 45,69 49,68 | 53,41| 56,95 08 |22,54|27,94|33,00|37,75| 42,22 | 46,43 | 50,41 | 54,16 | 57,68
09 |24,24|30,19| 35,77 | 41,02 | 45,97 | 50,63 | 55,04 | 59,17 | 63,09 | 09 | 25,02 | 30,99 | 36,59 | 41,85 | 46,79 | 51,45 | 55,85 | 60,00 | 63,89

Evaporating Temperature -30 °C Evaporating Temperature -40 °C
Orifice Orifice
Type Pressure drop across valve [bar] Type Pressure drop across valve [bar]
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18

01 | 1,34 | 165 | 1,94 | 2,22 | 248 | 2,72 | 295 | 3,16 | 3,37 | 01 | 1,36 | 1,66 | 1,95 | 2,22 | 2,48 | 2,72 | 2,94 | 3,15 | 3,35
02 | 267|330 388|443 | 495 544|590 (633|674 | 02 |[271 333|390 |444 495|543 |588 631|671
03 | 317 | 3,90 | 458 | 522 | 582 | 639 | 6,92 | 7,43 | 790 | 03 | 3,22 | 393 | 460 | 523 | 582 | 6,38 | 6,91 | 7,40 | 7,87
04 | 511|631 | 743|849 | 948 [10,41[11,30(12,12|12,91| 04 | 519 | 6,36 | 7,47 | 8,50 | 9,48 | 10,40 | 11,27 | 12,08 | 12,85
05 | 8,75 [10,78 12,68 | 14,46 | 16,15 17,73 | 19,22 | 20,62 |21,95| 05 | 8,88 | 10,87 | 12,74 |14,49|16,15|17,70 | 19,17 | 20,55 | 21,85
06 |12,16|14,97 | 17,60 | 20,06 | 22,39 | 24,58 | 26,65 | 28,58 | 30,42 | 06 |12,34|15,09|17,68 | 20,10 | 22,39 | 24,54 | 26,58 | 28,48 | 30,28
07 |19,11]23,60|27,79|31,73 | 35,44 | 38,94 | 42,23 | 45,32 | 48,25 | 07 |19,40|23,79|27,92 | 31,79 | 35,44 | 38,88 | 42,12 | 45,16 | 48,04
08 | 23,09 28,45 33,47 (38,17 | 42,62 | 46,79 | 50,74 | 54,43 | 57,94 | 08 |23,43|28,69 | 33,62 | 38,25 | 42,62 | 46,73 | 50,60 | 54,24 | 57,68
09 |25,63 31,56 37,11 | 42,31 | 47,23 | 51,85 56,21 | 60,30 | 64,18 09 |26,01| 31,82 (37,28 | 42,40 | 47,23 | 51,78 | 56,07 | 60,09 | 63,89

TABLE: 17B - Correction factors for subcooling Atsub # 4°K

Atsub [°K] 4 10 15 20 25 30 35 40 45
Fsub 1,00 1,06 1,1 1,16 1,22 1,27 1,32 1,43 1,48

When subcooling ahead of the expansion valve is other than 4 °K, adjust
the evaporatore capacity by dividing by the appropriate correction factor
found in Table 17B
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TABLE 18A: Refrigerant R404A - Capacities in kW

Evaporating Temperature 10 °C Evaporating Temperature 0 °C
Orifice Orifice
Tyne Pressure drop across valve [bar] Type Pressure drop across valve [bar]
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18

01 | 048|058 | 066|072 076 08008208 |08 ]| 01 |051]|061|069]|075]079]|083]|085]|0,86|0,85
02 (097|116 | 131 | 143|153 | 160 | 1,64 | 166 | 1,65 | 02 | 1,02 | 122|137 | 150 | 1,59 | 1,66 | 1,70 | 1,71 | 1,70

03 (115|137 | 155|169 | 180 | 188 | 193|194 | 194 | 03 |122| 144|162 | 176|187 | 195 | 1,99 | 2,01 | 1,99
04 | 185|221 | 251275293 306|314 317|316 | 04 | 196|233 | 263|286 | 3,04 | 317 | 3,25 | 3,28 | 3,26
05 | 3,16 | 3,78 | 4,28 | 4,68 | 499 | 521 | 534 | 540 | 538 | 05 | 3,35 | 3,97 | 448 | 488 | 518 | 540 | 553 | 558 | 554
06 | 440 | 524 | 594 | 6,49 | 692 | 722 | 741 | 7,48 | 745 | 06 | 466 | 552 | 6,22 | 6,77 | 719 | 749 | 7,66 | 7,73 | 7,68
07 | 691 (827|938 [1027|10,95|11,44|11,74|11,86|11,82| 07 | 7,32 | 8,70 | 9,82 | 10,71 | 11,37 [ 11,86 | 12,14 | 12,25 | 12,18
08 | 835|997 |11,29(12,36|13,17|13,75| 14,11 14,25|14,20| 08 | 8,84 | 10,49 |11,82| 12,88 | 13,68 | 14,25 | 14,59 | 14,72 | 14,62
09 | 927 [11,05]12,52 (13,70 | 14,59 | 15,24 | 15,63 | 15,78 | 15,73 | 09 | 9,82 | 11,63 |13,11| 14,28 | 15,16 | 15,79 | 16,16 | 16,30 | 16,19

Evaporating Temperature -10 °C Evaporating Temperature -20 °C
Orifice Orifice
Type Pressure drop across valve [bar] Type Pressure drop across valve [bar]
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18

01 | 054 | 063|071 0,77 081 | 084|086 |08 |08 | 01 |057]064]|072]|077|081]|084]|085]|085] 0,84
02 | 1,07 (126|141 153|162 | 168 1,72 | 173|171 | 02 | 1,13 | 129|143 | 1,54 | 162 | 168 | 1,70 | 1,71 | 1,68

03 | 1,27 { 1,49 | 167 | 1,80 | 1,90 | 1,97 | 2,01 | 203 | 2,01 | 03 | 1,34 | 1,52 | 1,69 | 1,82 | 1,91 | 1,97 | 2,00 | 2,00 | 1,97

04 | 205|241 1270|293 | 310|322 | 329 | 331|328 | 04 | 216 | 247 | 2,74 | 295 | 3,11 | 3,21 | 3,26 | 3,27 | 3,22
05 | 351 | 412 | 461 | 499 | 528 | 548 | 559 | 562 | 557 | 05 | 3,70 | 4,21 | 4,68 | 503 | 530 | 546 | 555 | 5,56 | 5,48
06 | 487 | 572|640 |693| 732|759 |775|780]|772| 06 |515| 585|649 | 698 | 735|758 | 7,69 | 7,71 | 7,60
07 | 7,66 | 9,01 | 10,10 10,96| 11,59 | 12,03 | 12,29| 12,36 | 12,25 07 | 8,09 | 9,22 [ 10,25| 11,04 | 11,63 | 12,00| 12,19 | 12,22 | 12,06
08 | 9,25|10,86| 12,17 | 13,18 | 13,94 | 14,46 | 14,76 | 14,85| 14,71 08 | 9,77 | 11,11 12,34| 13,29 | 13,98 | 14,42| 14,65 | 14,68 | 14,48
09 |10,27|12,05| 13,49 | 14,61| 15,45| 16,02 | 16,35 | 16,45 | 16,30 | 09 |10,85|12,33 [ 13,69 | 14,73 | 15,50 | 15,98 | 16,23 | 16,26 | 16,04

Evaporating Temperature -30 °C Evaporating Temperature -40 °C
Orifice Orifice
Type Pressure drop across valve [bar] Type Pressure drop across valve [bar]
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18

0t | 057 065|072} 0,77]|080 |08 |08 |08 08| 01 |[059]066|0,72]|0,76|0,79]|080]|081]|079]|0,77
02 | 113|130 | 144 | 154|161 |165]| 167|166 163 | 02 | 117 132|143 | 152|158 | 1,61 | 1,61 | 159 | 1,54
03 | 135|154 169|181 |18 194 |19 | 195|191 | 03 | 139|156 | 169 | 179 |185]| 1,89 | 1,89 | 1,86 | 1,81
04 | 217 | 249 | 2,75 | 294 | 3,08 | 3,16 | 3,20 | 3,18 | 3,12 | 04 | 224 | 2,52 | 2,75 | 2,91 | 3,02 | 3,08 | 3,08 | 3,04 | 2,95
05 | 372|426 | 469 | 501 | 525 | 539 | 544 | 541 | 531 | 05 | 3,84 | 431 | 469 | 496 | 514 | 524 | 525 | 517 | 5,02
06 | 516 | 591 | 651 | 696 | 7,28 | 7,47 | 754 | 7,50 | 7,36 | 06 | 533 | 598 | 6,50 | 6,88 | 7,13 | 7,26 | 7,28 | 7,17 | 6,96
07 | 811 932]10,28|11,00(11,52|11,83|11,95(11,90|11,67| 07 | 8,38 | 9,43 |10,27|10,88| 11,29 | 11,50 | 11,53 | 11,37 | 11,05
08 | 9,80 11,24]12,38|13,23|13,85| 14,22 | 14,36 | 14,29 | 14,01 | 08 |10,12|11,37|12,36|13,09| 13,57 | 13,82 | 13,86 | 13,65 | 13,26
09 [10,88|12,47|13,72| 14,67 |1535|15,75|1591 15,83 | 15,52 | 09 |11,24|12,62|13,71|14,51|15,04| 15,31 |15,35| 15,12 | 14,69

TABLE 18B - Correction factors for subcooling Atsub = 4°K

Atsub [°K] 4 10 15 20 25 30 35 40 45
Fsub 1,00 1,09 1,17 1,26 1,34 1,42 1,50 1,56 1,63

When subcooling ahead of the expansion valve is other than 4 °K , adjust
the evaporatore capacity by dividing by the appropriate correction factor
found in Table 18B

EXPANSION VALVES
VE-ED 01/2017 - ENG 27



TABLE 19A: Refrigerant R407C - Capacities in kW

Evaporating Temperature 10 °C Evaporating Temperature 0 °C
Orifice Orifice
Tye Pressure drop across valve [bar] Type Pressure drop across valve [bar]
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18

01 (076 | 093|109 | 123|136 148 | 158|166 | 174| 01 |078 |09 | 1,12 | 1,26 | 1,39 | 1,50 | 1,60 | 1,69 | 1,76
02 | 152 | 1,87 | 218 | 2,47 | 2,72 | 295 | 3,15 | 3,33 | 348 | 02 | 157 | 1,92 | 224 | 252 | 2,77 | 3,00 | 3,20 | 3,37 | 3,52
03 | 1,80 | 221 | 257 | 291 | 3,20 | 3,47 | 3,70 | 3,91 | 408 | 03 | 1,86 | 227 | 2,64 | 2,97 | 3,26 | 3,52 | 3,76 | 3,96 | 4,13
04 | 290 | 357 | 418 | 472 | 521 | 565 | 6,04 | 6,37 | 6,66 | 04 | 3,00 | 3,68 | 428 | 482 | 531 | 574 | 6,13 | 6,46 | 6,75
05 | 49 | 6,10 | 7,13 | 8,05 | 8387 | 9,62 | 10,27 (10,84 |11,33| 05 | 514 | 6,28 | 7,30 | 8,22 | 9,05 | 9,77 | 10,42 | 10,99 | 11,47
06 | 6,89 | 847 | 9,89 | 11,17 12,31 13,33 | 14,24 | 15,03| 15,71 | 06 | 7,14 | 8,72 | 10,13 | 11,41 | 12,54 | 13,55 | 14,45 | 15,23 | 15,90
07 |10,83|13,35|15,62|17,66 | 19,48 | 21,12 | 22,57 | 23,83 | 24,91 | 07 |11,22|13,74| 16,00 | 18,04 | 19,86 | 21,47 | 22,91 | 24,15 | 25,23
08 |13,09|16,09|18,81|21,25|23,42|25,38|27,11|28,62|29,92| 08 |13,55|16,57| 19,27 | 21,70 | 23,88 | 25,80 | 27,52 | 29,01 | 30,29
09 |14,53 (17,85 20,85 23,55 25,96 | 28,13 | 30,04 | 31,71 | 33,14| 09 |15,04| 18,38 | 21,37 | 24,06 | 26,46 | 28,59 | 30,49 | 32,14 | 33,55

Evaporating Temperature -10 °C Evaporating Temperature -20 °C
Orifice Orifice
Type Pressure drop across valve [bar] Type Pressure drop across valve [bar]
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18

01 | 08109 |114 | 128|140 | 151|161 170|177 01 | 083 | 1,00 | 1,15 | 1,28 | 1,40 | 1,51 | 1,60 | 1,68 | 1,75
02 | 162|197 |228 |25 | 281 |303|322|339]| 35 | 02 | 165|199 | 230 (257|281 302|320 | 3,36 | 3,50
03 | 192|233|269 30133035 |378|398]| 415 | 03 | 196 | 236 | 2,71 | 3,02 | 3,30 | 3,55 | 3,76 | 3,95 | 4,11
04 | 310 | 3,77 | 4,36 | 490 | 538 | 580 | 6,17 | 6,49 | 6,77 | 04 | 3,16 | 3,81 | 439 | 491 | 537 | 578 | 6,13 | 6,44 | 6,71
05 | 531|644 | 7,44 | 835 | 9,16 | 9,87 | 10,50 | 11,05| 11,62 05 | 542 | 6,51 | 7,49 | 837 | 9,15 | 9,84 (10,43 | 10,96 | 11,40
06 | 7,37 | 893 |10,33|11,59|12,70| 13,69 | 14,55| 15,31 | 15,96 | 06 | 7,52 | 9,04 | 10,40 | 11,61 | 12,69 | 13,64 | 14,46 | 15,19 | 15,80
07 |11,58|14,08|16,31|18,32|20,10| 21,68 | 23,07 | 24,28 | 25,32| 07 |11,82| 14,26 | 16,42 | 18,37 | 20,08 | 21,61 | 22,92 | 24,08 | 25,07
08 [13,9916,98| 19,64 | 22,04 | 24,16 | 26,06 | 27,71| 29,16 | 30,41 | 08 | 14,28|17,19| 19,78 | 22,10 | 24,15 | 25,97 | 27,54 | 28,92 | 30,10
09 |15,53|18,84 21,78 24,43 | 26,78 | 28,87 | 30,70 | 32,30 | 33,68 | 09 |15,85|19,06 | 21,93 | 24,49 | 26,76 | 28,78 | 30,51 | 32,04 | 33,35

Evaporating Temperature -30 °C Evaporating Temperature -40 °C
Orifice Orifice
Type Pressure drop across valve [bar] Type Pressure drop across valve [bar]
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18

01 | 084|100 115|127 [ 139 149|158 165|172 | 01 |[085|101| 1,15 | 127 (138 | 1,48 | 1,56 | 1,63 | 1,69
02 | 1,67 | 200 | 229 | 2,55 | 2,78 | 298 | 3,16 | 3,31 | 3,43 | 02 | 1,71 | 2,02 | 2,30 | 2,54 | 2,76 | 2,96 | 3,12 | 3,26 | 3,38
03 | 199|237 270 300|327 350|371 |38 |403| 03 203|238 271 |300]| 325|347 | 366 | 383|397
04 | 320|383 439|488/ 532|571 |604|633|658| 04 | 326|386 | 439 | 487|529 566 |59 |625 | 648
05 | 548 | 6,54 | 7,48 | 8,32 | 9,06 | 9,71 [10,29|10,77|11,18| 05 | 559 | 6,59 | 7,49 | 830 | 9,01 | 9,64 | 10,17 10,63 | 11,01
06 | 7,62 | 9,08 |10,38|11,54 | 12,57 | 13,47 | 14,26 | 14,93 | 15,50 | 06 | 7,76 | 9,15 | 10,40 | 11,52 | 12,50 | 13,36 | 14,10 | 14,74 | 15,26
07 | 11,97 14,31 16,40 | 18,25 | 19,90 | 21,34 | 22,60 | 23,67 | 24,58 | 07 |12,20|14,43| 16,42 | 18,21 | 19,78 | 21,16 | 22,34 | 23,37 | 24,21

08 |14,46 | 17,25|19,74|21,95|23,92 | 25,64 | 27,15 | 28,43 | 29,52 | 08 |14,73|17,39| 19,78 | 21,91 | 23,79 | 25,44 | 26,84 | 28,07 | 29,07
09 |16,05(19,13| 21,89 | 24,33 | 26,51 | 28,41 | 30,08 | 31,50 32,70 | 09 |16,35| 19,29 | 21,93 | 24,29 | 26,36 | 28,19 | 29,74 | 31,10 | 32,21

TABLE: 19B - Correction factor for subcooling Atsub # 4°K

Atsub [°K] 4 10 15 20 25 30 35 40 45
Fsub 1,00 1,06 1,12 1,19 1,25 1,31 1,37 1,44 1,49

When subcooling ahead of the expansion valve is other than 4 °K, adjust
the evaporatore capacity by dividing by the appropriate correction factor
found in Table 19B
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TABLE 20A: Refrigerant R410A - Capacities in kW

Evaporating Temperature 10 °C Evaporating Temperature 0 °C
Orifice Orifice
Tyne Pressure drop across valve [bar] Type Pressure drop across valve [bar]
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18

01 | 063|078 091102112 121|128 |135|140| 01 |[068 083|096 |[108 | 119 | 1,28 | 1,36 | 1,42 | 1,48
02 | 1,27 | 1,56 | 1,82 | 2,05 | 2,25 | 2,42 | 2,57 | 269 | 279 | 02 | 1,35 | 1,66 | 1,93 | 2,17 | 2,37 | 2,56 | 2,71 | 2,84 | 2,95
03 | 1,50 | 1,84 | 214 | 2,41 | 264 | 285 | 3,02 | 3,16 | 327 | 03 | 1,61 | 1,96 | 2,27 | 2,55 | 2,79 | 3,00 | 3,18 | 3,34 | 3,46
04 | 242|298 | 3,48 | 392|430 | 464 | 492|516 | 535 | 04 | 259 | 317 | 3,69 | 415 | 455 | 4,89 | 520 | 545 | 5,65
05 | 414 | 509 | 593 | 6,68 | 7,33 | 790 | 837 | 877 | 909 | 05 | 443|542 | 6,30 | 7,07 | 7,74 | 833 | 8,84 | 9,27 | 9,61
06 | 576 | 7,07 | 823 | 926 |10,16|10,95|11,61(12,16|12,60| 06 | 6,16 | 7,53 | 8,73 | 9,80 | 10,74 | 11,55 | 12,26 | 12,85 | 13,32
07 | 9,05 (11,14| 13,00 | 14,64 | 16,09 | 17,34 | 18,40 | 19,29 19,99 | 07 | 9,68 | 11,87 |13,79|15,50| 17,00 | 18,30 | 19,42 | 20,37 | 21,14
08 [10,93|13,43|15,65|17,62|19,35| 20,84 | 22,10 | 23,16| 24,00 | 08 |11,69|14,31|16,61| 18,65 20,44 | 21,99 | 23,34 | 24,47 | 25,38
09 [12,13(14,90|17,35| 19,53 | 21,44 | 23,09 | 24,49 | 25,66 | 26,58 | 09 |12,98 15,87 | 18,42 | 20,68 | 22,65 | 24,37 | 25,85 | 27,10 | 28,11

Evaporating Temperature -10 °C Evaporating Temperature -20 °C
Orifice Orifice
Type Pressure drop across valve [bar] Type Pressure drop across valve [bar]
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18

01t | 077 (093|107 120 131|140 | 149 | 15 | 162 | 01 | 075|090 | 1,04 | 1,16 | 1,26 | 1,36 | 1,43 | 1,50 | 1,55
02 | 1,54 | 1,86 | 2,14 | 239 | 262 | 2,81 | 297 | 3,11 | 323 | 02 | 1,49 | 1,80 | 2,08 | 2,32 | 2,63 | 2,71 | 2,86 | 3,00 | 3,10
03 | 183|220 | 253|282 308 | 330|349 | 365|379 | 03 | 1,77 {213 | 245|273 | 297 | 3,18 | 3,36 | 3,52 | 3,64
04 | 295 | 3,56 | 410 | 458 | 501 | 537 | 569 | 597 | 6,19 | 04 | 2,85 | 3,45 | 3,97 | 4,44 | 484 | 519 | 549 | 574 | 594
05 | 504 | 6,08 | 7,00 | 7,81 | 853 | 9,15 | 9,69 | 10,15/ 10,53 05 | 4,89 | 590 | 6,78 | 7,56 | 8,24 | 8,83 | 9,34 | 9,76 | 10,11
06 | 7,01 | 844 | 9,72 |10,84|11,83| 12,68 | 13,43 | 14,07 | 14,59| 06 | 6,79 | 8,18 | 9,41 | 10,49 | 11,43 | 12,25| 12,94 | 13,53 | 14,01
07 |11,01]13,31|15,34|17,14| 18,72 | 20,09 | 21,29 22,31 | 23,14| 07 | 10,67 | 12,90 | 14,86| 16,59 | 18,09 | 19,40 | 20,52 | 21,45 22,23
08 |13,30| 16,05 18,48 | 20,62 | 22,51 | 24,15 | 25,57 | 26,79 | 27,79 | 08 |12,89|15,55|17,89| 19,96 | 21,76 | 23,32 | 24,65 | 25,77 | 26,69
09 |14,76| 17,80 20,49 | 22,85| 24,95 | 26,76 | 28,33 | 29,68 | 30,78 | 09 |14,31|17,25 (19,84 | 22,13 | 24,11 | 25,84 | 27,31 | 28,55 | 29,56

Evaporating Temperature -30 °C Evaporating Temperature -40 °C
Orifice Orifice
Type Pressure drop across valve [bar] Type Pressure drop across valve [bar]
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18

01 | 077|092 106|118 | 128 137 | 144|150 156 | 01 | 079 094|107 [ 118 | 128 | 1,37 | 1,44 | 1,50 | 1,55
02 | 1,54 (185|212 | 235 |25 | 273|289 301|311 | 02 |158 188|214 | 236|256 | 273|288 | 3,00| 3,09
03 | 1,83 219|250 | 277|301 321|339 |35 |365| 03 |188 222|252 278|301 | 321|338 | 352] 3,63
04 | 295|354 | 405|450 | 489|524 | 553|576 | 597 | 04 | 302|359 | 4,09 | 453|490 | 524 | 551 | 574 | 592
05 | 506 | 604|691 |767|833]|891 940|980 |10,14| 05 | 517 | 6,13 | 6,97 | 7,71 | 8,35 | 891 | 9,37 | 9,77 | 10,07
06 | 7,03 (839|959 |10,64|11,56|12,36|13,03|13,59|14,06| 06 | 7,19 | 8,51 | 9,67 | 10,70 | 11,58 | 12,36 | 12,99 | 13,54 | 13,96
07 [11,04(13,22|15,14|16,83 | 18,30 | 19,58 | 20,66 | 21,54 | 22,30 | 07 |11,30|13,41|15,28 | 16,92 | 18,33 | 19,58 | 20,60 | 21,47 | 22,15
08 [13,34(15,94|18,23|20,25 | 22,00 | 23,53 | 24,82 | 25,87 | 26,78 | 08 |13,65|16,17 | 18,40 | 20,35 22,04 | 23,53 | 24,74 | 25,79 | 26,59
09 [14,80(17,68]| 20,22 | 22,45 | 24,38 | 26,07 | 27,50 | 28,66 | 29,67 | 09 |15,15|17,94| 20,40 | 22,56 | 24,43 | 26,07 | 27,41 | 28,57 | 29,46

TABLE 20B - Correction factors for subcooling Atsub = 4°K

Atsub [°K] 4 10 15 20 25 30 35 40 45
Fsub 1,00 1,07 1,14 1,21 1,28 1,34 1,41 1,48 1,54

When subcooling ahead of the expansion valve is other than 4 °K , adjust
the evaporatore capacity by dividing by the appropriate correction factor
found in Table 20B
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TABLE 21A: Refrigerant R507A - Capacities in kW

Evaporating Temperature 10 °C Evaporating Temperature 0 °C
Orifice Orifice
Tye Pressure drop across valve [bar] Type Pressure drop across valve [bar]
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18

01 | 050 | 060|068 |0,74|080|084|086|087|08 | 01 |052]063]|071|078]|083]|087]|0,89 090|090
02 (099|119 | 136 | 149|159 (167 | 1,72 | 1,74 | 1,74 | 02 | 105 | 1,25 | 1,42 | 1,55 | 165 | 1,73 | 1,78 | 1,80 | 1,80
03 (118|141 | 160 | 175|188 | 196 | 2,02 | 204 | 204 | 03 | 1,24 [ 1,48 | 1,67 | 1,83 | 1,95 | 2,03 | 2,09 | 211 | 2,11
04 |19 | 228 | 260|285 |305|320|329|333]|332| 04 |200]| 239|271 297|317 | 331|341 | 345|344
05 | 325|389 443|486 | 520 | 544 | 560 | 567 | 565 | 05 | 3,43 | 409 | 462 | 506 | 540 | 564 | 580 | 587 | 585
06 | 4,51 | 540 | 615 | 6,74 | 7,21 | 7,55 | 7,76 | 7,86 | 7,83 | 06 | 4,76 | 567 | 6,41 | 7,02 | 7,48 | 7,82 | 8,04 | 8,13 | 8,10
07 | 7,09 | 852 | 9,71 | 10,66 | 11,42 11,96 | 12,30 | 12,47 | 12,43| 07 | 7,49 | 8,94 | 10,13 [ 11,10 | 11,84 | 12,39 | 12,74 | 12,89 | 12,86
08 | 8,57 [10,27 |11,69|12,83 13,73 14,37 | 14,78 | 14,97|14,92| 08 | 9,05 | 10,78 | 12,20 | 13,35 | 14,24 | 14,89 | 15,30 | 15,49 | 15,44
09 | 9,51 [11,39]12,96 | 14,22 | 15,21 | 15,92 | 16,38 | 16,59 | 16,53 | 09 | 10,04 | 11,96 | 13,53 | 14,80 | 15,78 | 16,50 | 16,95 | 17,16 | 17,10

Evaporating Temperature -10 °C Evaporating Temperature -20 °C
Orifice Orifice
Type Pressure drop across valve [bar] Type Pressure drop across valve [bar]
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18

01 | 055 |065]|073|079]084)|08 |09 091|091 01 |O057|066|0,74|080]/085]|0,88]| 090|090 | 0,90
02 | 109 |129| 145|159 168|176 | 1,80 182|181 02 | 113|132 | 1,48 | 1,60 | 1,69 | 1,76 | 1,80 | 1,81 | 1,80
03 | 1,30 153|172 | 187 198|206 | 211 | 214|212 | 03 | 1,34 | 1,57 | 1,75 | 1,89 | 1,99 | 2,07 | 2,11 | 212 | 2,11
04 | 209 | 247 | 2,78 | 3,04 | 323 | 3,36 | 3,45 | 3,49 | 347 | 04 | 216 | 2,53 | 2,83 | 3,07 | 3,25 | 3,37 | 3,44 | 3,46 | 3,44
05 | 358 | 422 | 475 | 517 | 549 | 5,72 | 587 | 593 | 590 | 05 | 3,70 | 433 | 483 | 523 | 553 | 5,74 | 585 | 589 | 585
06 | 497 | 586|659 | 718 | 762|794 | 814|822 | 818 | 06 | 515 | 6,01 | 6,70 | 7,25 | 7,67 | 7,96 | 812 | 8,16 | 8,10
07 | 7,81 | 9,24 |10,41]11,35(12,06| 12,57 | 12,90| 13,04 | 12,97 | 07 | 8,09 | 9,47 | 10,59 | 11,47 | 12,13 | 12,60 | 12,86 | 12,95 | 12,86
08 | 9,43 [11,14|12,53|13,65| 14,50 | 15,11 | 15,49| 15,66 | 15,58 | 08 | 9,77 | 11,42 | 12,75 |13,80| 14,59 | 15,14 | 15,45| 15,55 | 15,44
09 |10,47|12,36| 13,89 |15,13| 16,07 | 16,74 | 17,17 | 17,34 17,26 | 09 |10,85|12,67 | 14,14 | 15,29 | 16,17 [ 16,78 | 17,12 | 17,23 | 17,10

Evaporating Temperature -30 °C Evaporating Temperature -40 °C
Orifice Orifice
Type Pressure drop across valve [bar] Type Pressure drop across valve [bar]
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18

01 | 058 | 067|074 |080]|084|087|088| 08|08 | 01 |059]|067]|0741079]|083]|085]|0,86|0,85]| 0,86
02 | 1,16 | 1,34 | 1,48 | 160 | 168 | 1,73 | 1,76 | 1,77 | 1,74 | 02 | 1,18 | 1,34 | 1,48 | 1,58 [ 165 | 1,70 | 1,71 | 1,71 | 1,73
03 | 1,37 | 158 | 1,75 | 1,88 | 1,97 | 2,04 | 2,07 | 2,07 | 204 | 03 | 1,40 | 1,59 | 1,74 | 1,86 | 1,94 | 1,99 | 2,01 | 2,00 | 2,03
04 | 221|256 |284|306|321 332|338 |338]|334| 04 225|257 | 283302316 325|328 327|331
05 | 3,79 | 437 | 484 | 521 | 547 | 565 | 575 | 575 | 568 | 05 | 3,86 | 439 | 482 | 515 | 538 | 553 | 558 | 556 | 563
06 | 526 | 607 | 672|722 |75 784 |79 |797|787| 06 |536|610| 669 | 714|747 | 767 | 774|771 | 780
07 | 827 | 9,57 |10,61|11,42|12,01 |12,42|12,62 | 12,65|12,49| 07 | 8,42 | 9,61 | 10,57 [ 11,29 | 11,82 | 12,14 | 12,27 | 12,22 | 12,37
08 | 999 [ 11,54 12,77 | 13,74 | 14,44 | 14,92 | 1517 | 15,19 14,99 | 08 |10,17|11,59| 12,73 | 13,59 | 14,21 | 14,59 | 14,74 | 14,68 | 14,85
09 |11,09(12,80| 14,16 | 15,24 | 16,00 | 16,53 | 16,80 | 16,82 | 16,61 | 09 |11,29|12,86 | 14,11 | 15,06 | 15,75 | 16,17 | 16,33 | 16,26 | 16,45

TABLE: 21B - Correction factor for subcooling Atsub # 4°K

Atsub [°K] 4 10 15 20 25 30 35 40 45
Fsub 1,00 1,09 1,18 1,26 1,35 1,44 1,52 1,60 1,67

When subcooling ahead of the expansion valve is other than 4 °K, adjust
the evaporatore capacity by dividing by the appropriate correction factor
found in Table 21B
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TABLE 22A: Refrigerant R1234yf - Capacities in kW

Evaporating Temperature 20 °C Evaporating Temperature 10 °C
Orifice Orifice
Tyne Pressure drop across valve [bar] Type Pressure drop across valve [bar]
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18

01 | 047 | 055|061 |065]| 067 068|067 |065|061| 01 |049 057 |062| 066 | 068|068 | 067|065 0,61
02 |09 | 110|121 129|134 | 136|134 130 |123| 02 (098 | 113|124 132|136 | 137 | 135|130 | 1,22
03 (112|130 | 143 | 152|158 | 160 | 1,58 | 1,52 | 1,44 | 03 | 1,17 | 1,34 | 1,47 | 1,55 | 1,60 | 1,61 | 1,58 | 1,52 | 1,43
04 | 1,80 | 2,10 | 2,32 | 2,48 | 2,57 | 2,60 | 2,57 | 2,49 | 235 | 04 | 1,88 | 2,17 | 2,38 | 2,52 | 2,60 | 2,62 | 2,58 | 2,49 | 2,33
05 | 3,08 359|396 |422|437 | 443|438 | 423|400 | 05 |321 | 3,71 | 4,06 | 430 | 443 | 446 | 439 | 423 | 3,97
06 | 4,28 | 498 | 550 | 585 | 6,07 | 6,14 | 6,07 | 587 | 554 | 06 | 4,47 | 514 | 563 | 596 | 6,15 | 6,18 | 6,09 | 5,87 | 5,50
07 | 673|785 868|926 |960]|972|962|931|879| 07 |702]|811|889| 943|973 979|966 | 931 | 873
08 | 813 | 9,46 | 10,46 | 11,14 | 11,54| 11,69 | 11,56 | 11,18 | 10,55| 08 | 8,48 | 9,78 | 10,71 |11,35| 11,70 [ 11,77 | 11,60 | 11,18 | 10,48
09 | 9,02 (10,50|11,59(12,35(12,79|12,95| 12,81 12,38 |11,69| 09 | 9,41 |10,85|11,88|12,58| 12,96 | 13,04 | 12,85| 12,38 | 11,61

Evaporating Temperature 0 °C Evaporating Temperature -10 °C
Orifice Orifice
Type Pressure drop across valve [bar] Type Pressure drop across valve [bar]
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18

01 | 050 058|063 066 067|067 |066|063]|058]| 01 |051]|058]062| 065|066  0,65]| 063|060 0,55
02 [ 1,00 [115] 125|131 |135|135| 132|126 | 117 | 02 | 102 | 115|124 | 129|131 | 1,30 | 1,26 | 1,19 | 1,09
03 | 120|136 | 148 | 155 | 1,58 | 1,58 | 1,65 | 1,48 | 1,37 | 03 | 1,22 | 1,36 | 1,46 | 1,52 | 1,54 | 1,53 | 1,48 | 1,40 | 1,28
04 | 193|220 239|252 | 258 | 258|252 | 241|224 | 04 | 196 | 221 | 238 | 2,48 | 251 | 249 | 2,42 | 2,28 | 2,09
05 | 3,30 | 3,76 | 408 | 429 | 439 | 439 | 429 | 410 | 3,81 | 05 | 3,36 | 3,77 | 405 | 422 | 4,28 | 424 | 411 | 3,88 | 3,55
06 | 459|522 | 567 | 595 | 6,09 | 608 | 595 | 568 | 528 | 06 | 466 | 523 | 563 | 585 | 594 | 589 | 570 | 538 | 4,92
07 | 721|823 | 895|941 | 964 | 964 | 943 | 900 | 838 | 07 | 7,33 | 825|889 | 9,26 | 9,40 | 9,32 | 9,03 | 8,52 | 7,81
08 | 8711 992|10,78|11,32| 11,59 11,58 | 11,33| 10,81 | 10,06 | 08 | 8,85 | 9,95 [ 10,70| 11,14 | 11,30 11,20| 10,85 | 10,24 | 9,38
09 | 9,67 |11,00]11,95(12,55|12,84|12,83 (12,55|11,98 | 11,14 09 | 9,83 | 11,03 [ 11,86 | 12,35 | 12,53 | 12,41 | 12,02 | 11,34 | 10,39

Evaporating Temperature -20 °C Evaporating Temperature -30 °C
Orifice Orifice
Type Pressure drop across valve [bar] Type Pressure drop across valve [bar]
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18

01 | 052|057 |061]|063]063|062]|059]|05 |05 | 01 |051 056|059 060|060/ 058] 055|050 | 0,44
02 | 103|114 122|126 | 126 |123| 118|110 099 | 02 | 103|112 | 1,18 | 121|120 | 1,16 | 1,09 | 1,00 | 0,87
03 | 123|135 |144| 148|148 145|139 129|116 | 03 | 122 133|139 | 142|141 | 136|128 1,17 | 1,02
04 | 1,97 | 219 | 233 | 2,41 | 2,42 | 236 | 227 | 211 | 1,90 | 04 | 197 | 215 | 2,26 | 2,31 | 2,29 | 2,22 | 2,09 | 1,91 | 1,67
05 | 338 (374|398 4710 | 412 | 402 | 3,85 | 3,59 | 3,23 | 05 | 3,37 | 3,67 | 3,86 | 3,93 | 3,91 | 3,78 | 3,56 | 3,25 | 2,84
06 | 470 | 519 | 552 | 569 | 571 | 558 | 534 | 497 | 447 | 06 | 468 | 510 | 535 | 546 | 542 | 524 | 494 | 450 | 3,94
07 | 738|818 | 871|900 903|884 |847 789|709 | 07 |736| 804 | 845|863 | 858 | 831 | 783 | 7,14 | 6,25

08 | 891|987 |10,49|10,83|10,86|10,62| 10,17 | 9,47 | 851 | 08 | 8,89 | 9,69 |10,18|10,38|10,32| 9,98 | 9,40 | 8,57 | 7,51

09 | 989 (10,95|11,63[12,00|12,04|11,77|11,27|10,49| 9,43 | 09 | 9,86 | 10,75|11,29| 11,51 | 11,43 | 11,06 | 10,42 | 9,50 | 8,32

TABLE 22B - Correction factors for subcooling Atsub = 4°K

Atsub [°K] 4 10 15 20 25 30 35 40 45
Fsub 1,00 1,07 1,15 1,22 1,29 1,36 1,43 1,49 1,55

When subcooling ahead of the expansion valve is other than 4 °K , adjust
the evaporatore capacity by dividing by the appropriate correction factor
found in Table 22B
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TABLE 23A: Refrigerant R1234ze - Capacities in KW

Evaporating Temperature 20 °C Evaporating Temperature 10 °C
Orifice Orifice
Tye Pressure drop across valve [bar] Type Pressure drop across valve [bar]
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18

01 | 054062069 074|077 079079078 |075| 01 |055]|063]|0,70 |0,74]0,77 |0,78|0,77 | 0,76 | 0,72
02 | 107|125 138|148 | 1,54 | 1,58 | 1,58 | 1,55 | 1,60 | 02 | 1,10 | 1,27 | 1,39 | 1,48 | 1,63 | 1,55 | 1,55 | 1,51 | 1,45
03 | 127|148 163|174 (182 |185| 186 182|176 | 03 | 131|150 | 164 | 174|180 | 1,83 | 182|178 | 1,70
04 | 205|239 |265]|283 |29 |302]|303|29|288| 04 211|242 | 266 | 283 293|298 |29 |29 |278
05 | 352|408 | 451 | 483|503 514 | 515|507 | 489 | 05 | 3,61 | 414 | 454 | 4,82 | 499 | 507 | 504 | 493 | 4,72
06 | 4,88 | 567 | 6,26 | 6,70 | 6,98 | 7,13 | 7,14 | 7,02 | 6,78 | 06 | 502 | 575 | 6,30 | 6,69 | 6,93 | 7,02 | 6,99 | 6,83 | 6,55
07 | 7,68 | 894 | 9,89 |10,60|11,05(11,30|11,32|11,14|10,75| 07 | 7,88 | 9,06 | 9,96 | 10,58 | 10,96 | 11,13 | 11,08 | 10,83 | 10,38
08 | 927 [10,77 |11,91|12,75|13,29 | 13,58 | 13,60 | 13,37 | 12,91 | 08 | 9,52 | 10,93 | 11,99 | 12,72 | 13,18 | 13,37 | 13,32 | 13,01 | 12,47
09 |10,29|11,95|13,21| 14,13 | 14,72 | 15,05| 15,07 | 14,82| 14,30 | 09 |10,57|12,12| 13,29 | 14,10 | 14,61 | 14,82 | 14,75 | 14,41 | 13,81

Evaporating Temperature 0 °C Evaporating Temperature -10 °C
Orifice Orifice
Type Pressure drop across valve [bar] Type Pressure drop across valve [bar]
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18

01 | 05 | 0,64 | 069 | 0,73 | 0,75 | 0,76 | 0,66 | 0,63 | 0,58 | 01 | 0,56 | 0,63 | 0,68 | 0,71 | 0,72 | 0,72 | 0,70 | 0,67 | 0,63
02 | 113|128 | 139 | 146|150 152|131 | 125|117 | 02 | 1,13 | 1,26 | 1,36 | 1,42 | 1,44 | 1,44 | 1,41 | 1,35 | 1,26
03 | 134|151 | 164 | 1,72 | 1,77 | 1,78 | 1,54 | 1,47 | 1,37 | 03 | 1,34 | 1,49 | 1,60 | 1,67 | 1,70 | 1,69 | 1,65 | 1,58 | 1,48
04 | 216 | 2,45 | 2,66 | 2,80 | 2,88 | 290 | 2,51 | 240 | 224 | 04 | 216 | 2,41 | 259 | 2,71 | 2,76 | 2,76 | 2,69 | 2,58 | 2,41
05 | 369 | 418 | 454 | 477 | 491 | 494 | 427 | 409 | 3,81 | 05 | 3,69 | 412 | 443 | 462 | 471 | 469 | 458 | 439 | 410
06 | 513580629 | 662|681 |685|592]| 567|528 06 |513| 573 | 6,14 | 6,41 | 6,53 | 6,51 | 6,36 | 6,08 | 5,69
07 | 807 | 914|994 |1047|10,77|10,85| 9,38 | 8,99 | 8,38 | 07 | 8,07 | 9,02 | 9,70 |10,14|10,33| 10,31 10,07 | 9,64 | 9,02
08 | 9,74 [11,02]11,97 1259 |12,95| 13,05 11,27|10,79| 10,06 | 08 | 9,74 | 10,88 | 11,68 | 12,20 | 12,42 | 12,39 | 12,10 | 11,58 | 10,83
09 [10,81(12,23|13,27 13,96 | 14,36 | 14,46 (12,49 | 11,96 | 11,14 | 09 |10,81|12,07 | 12,95 | 13,52 | 13,77 | 13,73 | 13,41 | 12,83 | 12,00

Evaporating Temperature -20 °C Evaporating Temperature -30 °C
Orifice Orifice
Type Pressure drop across valve [bar] Type Pressure drop across valve [bar]
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18

01 | 057|062 066|069 |069|068|066|062|05| 01 |05 |060]|063]|065]|065]063] 060|056 |0,50
02 | 113|125 133|137 (138|137 | 132|124 |115| 02 (1,12 | 121|127 | 130 130|126 | 120 | 1,11 | 1,00
03 | 135|147 156 | 161|163 161|155 146|134 | 03 | 132|143 | 150 | 153 153|149 | 141 131|117
04 | 217 | 2,39 | 254 | 2,62 | 2,65 | 262 | 253 | 2,38 | 219 | 04 | 213 | 2,31 | 2,43 | 2,49 | 2,48 | 2,42 | 2,30 | 2,13 | 1,91
05 | 3,72 | 408 | 433 | 447 | 451 | 445 | 430 | 406 | 3,73 | 05 | 3,65 | 395 | 4,15 | 424 | 423 | 412 | 3,92 | 3,63 | 3,25
06 | 516 | 566 | 6,01 | 6,21 | 6,26 | 6,17 | 596 | 562 | 517 | 06 | 507 | 548 | 575 | 588 | 587 | 571 | 543 | 5,03 | 4,51
07 | 811 (892|949 | 981 |99 |978| 945|892 |820| 07 | 797|864 | 909 | 930|929 | 905|861 797|715
08 | 980 |10,76 |11,43|11,81 11,91 (11,75{11,35(10,71| 985 | 08 | 9,63 |10,41| 10,94 |11,19(11,17|10,88 | 10,35 | 9,58 | 8,58
09 |10,88 11,93 12,67 |13,09 | 13,20 | 13,02 | 12,58 | 11,86| 10,91 | 09 |10,69|11,55| 12,13 | 12,41 (12,37 |12,05| 11,46 | 10,61 | 9,51

TABLE: 23B - Correction factor for subcooling Atsub # 4°K

Atsub [°K] 4 10 15 20 25 30 35 40 45
Fsub 1,00 1,06 1,12 1,18 1,24 1,30 1,36 1,44 1,49

When subcooling ahead of the expansion valve is other than 4 °K, adjust
the evaporatore capacity by dividing by the appropriate correction factor
found in Table 23B
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TABLE 24A: Refrigerant R448A - Capacities in kW

Evaporating Temperature 10 °C Evaporating Temperature 0 °C
Orifice Orifice
Tyne Pressure drop across valve [bar] Type Pressure drop across valve [bar]
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18

0t (063|077 089100109117 | 124|129 133 | 01 |066 | 080093103 113| 120 | 127|132 | 1,36

02 | 126|154 | 179 | 200|219 | 235|248 | 258 | 266 | 02 | 1,32 | 1,61 | 1,85 | 2,07 | 225 | 2,41 | 2,54 | 2,64 | 2,73

03 | 1,50 | 1,83 | 2,11 | 2,36 | 258 | 2,76 | 291 | 3,03 | 3,12 | 03 | 1,57 | 1,90 | 2,19 | 2,43 | 2,65 | 2,83 | 2,98 | 3,10 | 3,20
04 | 242|296 | 3,43 | 384 | 419 | 449 | 474 | 494 | 510 | 04 | 2,53 | 3,07 | 3,55 | 3,96 | 4,31 | 4,61 | 486 | 5,06 | 522
05 | 414 | 505 | 584 | 6,54 | 7,14 | 765 | 8,07 | 8,41 | 867 | 05 | 434 | 525 | 6,05 | 6,75 | 7,35 | 7,85 | 8,27 | 8,61 | 8,88
06 | 575|701 8711|907 |990|1060[11,19(11,66|12,02| 06 | 6,02 | 7,29 | 840 | 9,36 | 10,19 | 10,88 | 11,47 | 11,94 | 12,30
07 | 9,04 (11,05|12,81|14,34 | 15,67 | 16,80 | 17,74 | 18,49 19,07 | 07 | 9,47 | 11,49|13,26|14,80| 16,13 | 17,24 | 18,17 | 18,93 | 19,52
08 [109213,32|15,42|17,25|18,85|20,19| 21,31 22,20|22,90 | 08 |11,44|13,86|1597|17,80| 19,39 | 20,72 | 21,83 | 22,74 | 23,44
09 [12,13(14,78|17,10| 19,12 20,89 | 22,37 | 23,61 | 24,60 | 25,37 | 09 |12,69|15,37 |17,71|19,73| 21,49 | 22,96 | 24,19 | 25,19 | 25,96

Evaporating Temperature -10 °C Evaporating Temperature -20 °C
Orifice Orifice
Type Pressure drop across valve [bar] Type Pressure drop across valve [bar]
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18

01 | 069(083|09 105|114 | 122 (120|125 128 | 01 | 071 (084|096 | 106 | 115|122 | 1,28 | 1,33 | 1,36

02 | 1,37 | 1,65 | 1,90 | 211 | 229 | 2,44 | 241 | 250 | 257 | 02 | 1,41 [ 1,68 | 1,92 | 2,12 | 2,30 | 2,44 | 2,56 | 2,66 | 2,73

03 | 1,63 |19 | 224 | 2,48 | 269 | 2,87 | 2,83 | 294 | 3,01 | 03 | 1,68 | 1,99 | 227 | 250 | 2,70 | 2,87 | 3,01 | 3,12 | 3,20

04 | 263 | 3,16 | 363 | 403 | 438 | 467 | 461 | 479 | 492 | 04 | 2,70 | 3,22 | 3,68 | 4,07 | 440 | 468 | 491 | 509 | 522

05 | 450 | 541|619 | 687 | 7,46 | 795 | 7,85 | 8,15 | 8,36 | 05 | 462 | 550 | 6,27 | 6,93 | 7,49 | 7,96 | 8,35 | 8,65 | 8,88
06 | 6,25| 7,50 | 8,60 | 9,54 | 10,35|11,03|10,88|11,30| 11,59 06 | 6,42 | 7,64 | 870 | 9,61 | 10,39 11,04| 11,58 | 12,00 | 12,30
07 | 9,82 |11,83| 13,58 | 15,08| 16,38 | 17,47 | 17,24|17,92| 18,39 07 |10,09|12,05|13,74| 15,20 | 16,44 | 17,48| 18,35 | 19,02 | 19,52
08 |11,86|14,26| 16,35 18,14| 19,70 | 21,00 | 20,72 | 21,52 | 22,08 | 08 |12,19| 14,52 |16,55| 18,29 | 19,77 | 21,01 | 22,04 | 22,84 | 23,44
09 |13,16|15,82| 18,12 20,11| 21,83 | 23,27 | 22,95 | 23,84 | 24,46 | 09 |13,53|16,11 [18,35|20,27 | 21,91 | 23,28 | 24,42 | 25,31 | 25,96

Evaporating Temperature -30 °C Evaporating Temperature -40 °C
Orifice Orifice
Type Pressure drop across valve [bar] Type Pressure drop across valve [bar]
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18

01 | 072|085 |09 | 106|114 121|127 | 131134 | 01 | 073|086 |09 | 105 113|119 | 1,24 | 1,28 | 1,31
02 | 1,44 | 1,70 | 1,93 | 212 | 2,29 | 2,42 | 2,53 | 2,62 | 268 | 02 | 1,47 | 1,71 | 1,93 | 2,11 | 2,26 | 2,39 | 2,49 | 2,56 | 2,61
03 | 1,71 | 201 | 227 | 2,50 | 2,69 | 2,85 | 297 | 3,07 | 3,14 | 03 | 1,74 | 2,03 | 2,27 | 2,48 | 2,66 | 2,81 | 2,92 | 3,01 | 3,06
04 | 275|326 | 3,69 | 4,06 | 438 | 464 | 485 | 501 | 513 | 04 | 2,81 | 3,28 | 3,69 | 4,04 | 433 | 457 | 476 | 491 | 5,00
05 | 472 | 556 | 630 | 6,92 | 7,46 | 7,90 | 8,26 | 8,52 | 8,73 | 05 | 4,81 | 560 | 6,30 | 6,88 | 7,38 | 7,78 | 8,10 | 8,35 | 8,51
06 | 655|772 873|960 |10,34|10,95|11,45(11,82|12,10| 06 | 6,68 | 7,78 | 8,73 | 9,55 | 10,23 | 10,79 | 11,23 | 11,57 | 11,79
07 [10,30(12,17|13,79|1519|16,37 | 17,34 | 18,14 | 18,74|19,19| 07 |10,50|12,26|13,79|15,10| 16,19 (17,10 17,80 18,35 18,70
08 [12,44 (14,67 |16,61|18,27|19,68|20,84 | 21,79 |22,50| 23,04 | 08 |12,69|14,78|16,61|18,17| 19,47 | 20,55 | 21,39 | 22,03 | 22,45
09 [13,8116,28|18,42|20,26 | 21,81 | 23,09 | 24,15 | 24,93 | 25,52 | 09 |14,08|16,40 | 18,42 | 20,14 | 21,58 | 22,77 | 23,70 | 24,41 | 24,87

TABLE 24B - Correction factors for subcooling Atsub = 4°K

Atsub [°K] 4 10 15 20 25 30 35 40 45

Fsub 1,00 1,07 1,14 1,20 1,27 1,33 1,40 1,48 1,54

When subcooling ahead of the expansion valve is other than 4 °K , adjust
the evaporatore capacity by dividing by the appropriate correction factor
found in Table 24B

EXPANSION VALVES
VE-ED 01/2017 - ENG 3



TABLE 25A: Refrigerant R449A - Capacities in kW

Evaporating Temperature 10 °C Evaporating Temperature 0 °C
Orifice Orifice
Tye Pressure drop across valve [bar] Type Pressure drop across valve [bar]
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18

01 (076|093 |108 | 121|133 143 | 152|160 166 | 01 | 0,74 |09 | 1,05 | 1,18 | 1,29 | 1,39 | 1,48 | 1,65 | 1,61

02 | 151 | 185|215 | 242 | 266 | 2,87 | 3,05 | 3,20 | 3,33 | 02 | 1,48 | 1,81 | 2,10 | 2,36 | 2,58 | 2,78 | 2,95 | 3,10 | 3,21

03 | 1,79 | 219 | 254 | 285|313 | 3,37 | 3,58 | 3,76 | 3,90 | 03 | 1,76 | 2,14 | 2,47 | 2,77 | 3,04 | 3,27 | 3,47 | 3,63 | 3,77

04 | 289 | 354|412 | 463 | 509 | 549 | 583 | 6,13 | 6,38 | 04 | 2,83 | 3,46 | 4,02 | 451 | 495 | 533 | 565 | 593 | 6,15
05 | 495|605 | 703|790 |867 934|993 |1043|1084| 05 | 484 | 591 | 6,85 | 7,69 | 8,43 | 9,07 | 9,62 | 10,08 | 10,46
06 | 6,88 | 840 | 9,75 |10,95|12,02 | 12,95| 13,76 | 14,46| 15,03| 06 | 6,73 | 8,20 | 9,51 [ 10,66 | 11,69 | 12,57 | 13,34 | 13,98 | 14,50
07 |10,81|13,24|15,40|17,32|19,03 | 20,52 | 21,81 | 22,93 | 23,84 | 07 |10,58|12,93| 15,01 | 16,86 | 18,50 | 19,92 | 21,14 | 22,16 | 23,01
08 |13,05]1596 18,54 |20,84 | 22,88 | 24,66 | 26,21 | 27,54 | 28,63 | 08 |12,78| 15,59 | 18,08 | 20,29 | 22,24 | 23,94 | 25,40 | 26,62 | 27,62
09 |14,49 (17,70 20,56 | 23,10 | 25,35 | 27,33 | 29,04 | 30,51 | 31,71 | 09 |14,18|17,29 | 20,04 | 22,49 | 24,65 | 26,53 | 28,14 | 29,49 | 30,60

Evaporating Temperature -10 °C Evaporating Temperature -20 °C
Orifice Orifice
Type Pressure drop across valve [bar] Type Pressure drop across valve [bar]
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18

01 | 077 {09 |107 120|131 | 141 | 149|156 | 162 | 01 | 0,78 | 0,94 | 1,08 | 1,21 | 1,32 | 1,41 | 1,49 | 1,65 | 1,61

02 | 1,53 | 186|215 | 240 | 263 | 282 | 299 | 3,13 | 324 | 02 | 157 | 1,89 | 217 | 2,42 | 263 | 2,82 | 2,98 | 3,11 | 3,22
03 | 182|220 | 253|283 309|331 |351|367|380 | 03 | 186|223 256 (284|309 331 |350] 365|377
04 | 293 | 3,56 | 411 | 460 | 503 | 540 | 572 | 599 | 6,21 | 04 | 3,00 | 3,61 | 415 | 462 | 504 | 540 | 570 | 596 | 6,16

05 | 502 | 6,08 | 701 784|856 | 919 | 9,73 |10,19| 1055 05 | 514 | 6,17 | 7,08 | 7,88 | 8,58 | 9,19 | 9,70 | 10,13 | 10,48
06 | 697 | 843 | 9,73 [10,87|11,88|12,75|13,49| 1412 14,63| 06 | 7,13 | 8,57 | 9,83 [10,93| 11,90 | 12,74 | 13,45| 14,04 | 14,53
07 [10,95(13,30| 15,36 (17,19 18,80| 20,19 | 21,38| 22,40 | 23,20 | 07 |11,21| 13,50 | 15,52 | 17,29 | 18,84 | 20,18 | 21,32 | 22,27 | 23,04
08 |13,23|16,03| 18,50 | 20,68 | 22,60 | 24,27 | 25,69 | 26,90 | 27,86 | 08 | 13,54 | 16,28 | 18,68 | 20,80 | 22,65 | 24,25 | 25,61 | 26,75 | 27,67
09 |14,69|17,78 20,51 | 22,93 | 25,05 | 26,89 | 28,46 | 29,80 | 30,86 | 09 | 15,03 | 18,06 | 20,72 | 23,06 | 25,10 | 26,87 | 28,37 | 29,63 | 30,65

Evaporating Temperature -30 °C Evaporating Temperature -40 °C
Orifice Orifice
Type Pressure drop across valve [bar] Type Pressure drop across valve [bar]
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18

01 | 080|095 109|120 | 131|140 147 (153|158 | 01 |[082|096 | 109 | 121 131|139 | 146 | 1,52 | 1,57
02 | 159|190 | 217 | 241 | 261 | 279 | 2,94 | 3,06 | 3,16 | 02 | 163 | 1,93 | 2,19 | 2,42 | 2,61 | 2,78 | 2,93 | 3,04 | 3,13
03 | 1,89 | 225|256 | 284|307 328|345 359|371 | 03 |194|228 | 258 | 2,84 | 3,07 | 327 | 343 | 3,57 | 3,67
04 | 3,05 | 364|416 | 461 | 500 | 534 | 563 | 587 | 6,05 | 04 | 3,12 | 3,69 | 419 | 462 | 500 | 533 | 560 | 582 | 6,00
05 | 522|621 709|786 |3852|910 958 |998|1030| 05 | 535|630 | 7,14 | 7,88 | 8,52 | 9,08 | 9,53 | 9,91 | 10,21
06 | 7,25 | 862 | 984 |1090|11,82|12,61|13,29|13,83|14,27| 06 | 7,43 | 8,75 | 9,91 [10,93|11,82|12,58 | 13,22 | 13,73 | 14,15
07 |11,39[13,59|15,54|17,23 18,71 19,98 | 21,06 | 21,93 | 22,64 | 07 |11,68|13,79| 15,65 |17,29|18,71|19,93|20,95 | 21,77 | 22,44
08 |13,76|16,39 | 18,71 20,73 | 22,50 | 24,01 | 25,30 | 26,34 | 27,18 | 08 |14,11|16,62 | 18,85 | 20,80 | 22,50 | 23,96 | 25,17 | 26,15 | 26,95
09 |15,28 18,18 20,74 | 22,98 | 24,93 | 26,60 | 28,03 | 29,18 | 30,11 | 09 | 15,66 | 18,44 | 20,90 | 23,06 | 24,93 | 26,55 | 27,88 | 28,97 | 29,85

TABLE: 25B - Correction factor for subcooling Atsub # 4°K
Atsub [°K] 4 10 15 20 25 30 35 40 45

Fsub 1,00 1,07 1,14 1,21 1,27 1,34 1,40 1,48 1,54

When subcooling ahead of the expansion valve is other than 4 °K, adjust
the evaporatore capacity by dividing by the appropriate correction factor
found in Table 25B
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TABLE 26A: Refrigerant R450A - Capacities in kW

Evaporating Temperature 10 °C Evaporating Temperature 0 °C
Orifice Orifice
Tyne Pressure drop across valve [bar] Type Pressure drop across valve [bar]
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18

01 | 057|067 |075]|081]|08 088108 |08 |087| 01 |059|068]0,75]|080]|084 /086|087 |086] 0,85
02 | 115|134 150 | 161|170 (175|178 | 1,78 | 1,75 | 02 | 1,18 [ 1,36 | 1,50 | 1,61 | 1,68 | 1,73 | 1,74 | 1,73 | 1,69
03 | 136|159 | 176 | 1,9 | 2,00 | 2,06 | 2,09 | 208 | 205 | 03 | 1,40 | 1,61 | 1,77 | 1,89 | 1,98 | 2,03 | 2,04 | 2,03 | 1,98
04 | 220|257 | 286 309|325 336|341 340|335 | 04 |225| 260 | 287|308 322|331 |333]331]|324
05 | 3,76 | 439 | 488 | 526 | 553 | 571 | 580 | 579 | 570 | 05 | 3,85 | 444 | 490 | 524 | 548 | 563 | 567 | 563 | 551
06 | 522 |6,09|6,77|730]|767]|792]804|802|799] | 06 |535]|6,16 | 680|727 | 760 | 780|786 | 781 | 764
07 | 821|960 |10,70| 11,54 |12,15| 12,54 [ 12,74 (12,72 12,53 | 07 | 8,41 | 9,71 |10,74|11,50| 12,03 | 12,36 | 12,46 | 12,38 | 12,12
08 | 992 (11,57|12,88|13,89|14,60| 15,08 | 15,30 | 15,27 | 15,04 | 08 |10,16|11,71|12,93| 13,84 | 14,47 | 14,85 | 14,97 | 14,87 | 14,55
09 [11,01(12,84|14,28|15,40(16,19| 16,71 (16,95 |16,92| 16,66 | 09 |11,27|12,98|14,33|15,34| 16,03 | 16,46 | 16,59 | 16,47 | 16,12

Evaporating Temperature -10 °C Evaporating Temperature -20 °C
Orifice Orifice
Type Pressure drop across valve [bar] Type Pressure drop across valve [bar]
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18

01 | 0,60 | 0,68 | 0,74 | 0,79 | 0,82 | 0,84 | 0,84 | 0,83 | 0,80 | 01 | 0,60 { 0,67 | 0,73 | 0,77 | 0,80 | 0,81 | 0,80 | 0,78 | 0,75
02 | 119136 | 1,48 | 1,58 | 164 | 1,67 | 1,68 | 1,65 | 1,60 | 02 | 1,20 | 1,35 | 1,46 | 1,54 | 1,69 | 1,61 | 1,60 | 1,57 | 1,50
03 | 141 (160|175 186 | 193|197 (197|194 | 188 | 03 | 1,42 | 159|172 | 1,82 | 187 | 1,89 | 1,88 | 1,84 | 1,76
04 | 228 | 259|284 | 302|314 | 321 | 321|317 | 307 | 04 | 229|258 | 280 | 295 | 3,05 3,09 | 3,07 | 3,00 | 2,88
05 | 390 | 443 | 485 | 515 | 535 | 546 | 547 | 539 | 523 | 05 | 3,92 | 440 | 477 | 503 | 519 | 526 | 522 | 511 | 4,90
06 | 542|615 | 6,73 | 715 | 7,42 | 757 | 758 | 7,47 | 725 | 06 | 545 | 6,11 | 6,62 | 6,98 | 7,20 | 7,29 | 7,24 | 7,08 | 6,79
07 | 851 9,70 | 10,63 |11,30| 11,74| 11,99 12,01| 11,85| 11,49 07 | 8,56 | 9,63 [ 10,46| 11,04 | 11,39 11,54 | 11,47 | 11,22 | 10,77
08 |10,28|11,70| 12,79 | 13,60| 14,12 | 14,40 | 14,43 | 14,23 | 13,80 08 |10,34|11,62|12,60| 13,29 | 13,70 13,87 | 13,78 | 13,48 | 12,93
09 |11,41]12,97|14,19|15,08| 15,65| 15,96 | 15,99 | 15,76 1529 | 09 |11,48 12,89 13,97 | 14,73 | 15,18 | 15,37 | 15,27 | 14,93 | 14,33

Evaporating Temperature -30 °C Evaporating Temperature -40 °C
Orifice Orifice
Type Pressure drop across valve [bar] Type Pressure drop across valve [bar]
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18

01 | 060 | 066 | 0,71 | 0,74 | 0,76 | 0,76 | 0,75 | 0,73 | 0,69 | 01 | 0,61 | 0,66 | 0,70 | 0,73 | 0,74 | 0,74 | 0,73 | 0,70 | 0,66
02 | 120|133 142|149 | 152|153 | 151|146 138 | 02 | 121 [ 132|141 | 146 | 1,49 | 1,49 | 1,45 | 1,40 | 1,31
03 | 142|157 |168|175| 179 180|177 | 1,71 | 162 | 03 | 1,44 | 156 | 1,66 | 1,72 | 1,75 | 1,75 | 1,71 | 1,64 | 1,54
04 | 229|254 | 272|285 292|293 |288|279|264| 04 |231|253]|270|280]|285|285| 278|267 | 251
05 | 392|434 | 465|486 | 497 | 498 | 491 | 474 | 449 | 05 | 3,96 | 432 | 4,60 | 4,78 | 4,86 | 4,84 | 4,74 | 4,55 | 4,27
06 | 545 | 6,02 | 645 | 6,74 | 689 | 691 | 6,80 | 6,57 | 6,23 | 06 | 551 | 6,00 | 6,39 | 6,63 | 6,73 | 6,72 | 6,57 | 6,31 | 592
07 | 856 | 9,49 | 10,19 10,65|10,90| 10,94 | 10,78 | 10,43 | 9,88 | 07 | 8,65 | 9,46 | 10,09 10,48 | 10,66 | 10,64 | 10,41 | 10,00 | 9,39
08 [10,34(11,44|12,27 12,82 13,10 13,15[12,95|12,52| 11,86 | 08 |10,45|11,40|12,14|12,61|12,82|12,79|12,51|12,01 | 11,27
09 [11,47(12,69|13,60 | 14,21 14,52 | 14,57 | 14,35 | 13,87 | 13,14| 09 |11,60|12,65|13,47|13,97| 14,20 | 14,17 | 13,86 | 13,30 | 12,49

TABLE 26B - Correction factors for subcooling Atsub = 4°K

Atsub [°K] 4 10 15 20 25 30 35 40 45
Fsub 1,00 1,06 1,12 1,18 1,24 1,30 1,36 1,40 1,45

When subcooling ahead of the expansion valve is other than 4 °K , adjust
the evaporatore capacity by dividing by the appropriate correction factor
found in Table 26B
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TABLE 27A: Refrigerant R452A - Capacities in kW

Evaporating Temperature 10 °C Evaporating Temperature 0 °C
Orifice Orifice
Tye Pressure drop across valve [bar] Type Pressure drop across valve [bar]
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18

01 | 057|069 |080|081|097|103]|108]| 112|114 | 01 | 060 | 0,72 | 0,83 | 0,92 | 1,00 | 1,06 | 1,11 | 1,15 | 1,17
02 (114|138 | 160 | 1,78 | 1,93 | 206 | 2,16 | 223 | 228 | 02 | 1,19 | 1,44 | 1,66 | 1,84 | 1,99 | 2,12 | 2,22 | 2,29 | 2,34
03 | 135|164 | 188 | 210|227 | 2,42 | 2,54 | 262 | 2,67 | 03 | 1,41 | 1,70 | 1,95 | 217 | 2,35 | 2,49 | 2,61 | 2,69 | 2,75
04 | 217 | 265 | 3,06 | 3,41 | 3,70 | 394 | 414 | 428 | 437 | 04 | 228 | 2,76 | 3,17 | 3,52 | 3,82 | 4,06 | 4,25 | 4,39 | 449
05 | 372|452 521|581 631 |672]| 704|727 |742| 05 | 390|471 | 541 | 6,00 (650|691 | 723|747 | 763
06 | 517 | 6,28 | 7,23 | 8,06 | 875 | 931 | 9,76 |10,08|10,29| 06 | 542 | 6,54 | 7,51 | 832 | 9,02 | 9,58 | 10,03 | 10,36 | 10,57
07 | 8712 | 9,90 |11,42|12,74|13,85|14,75| 15,46 | 15,98 | 16,32| 07 | 8,51 | 10,30 | 11,85 | 13,16 | 14,28 | 15,18 | 15,90 | 16,43 | 16,77
08 | 9,81 [11,93|13,75|15,33|16,65|17,73| 18,58 | 19,20| 19,60 | 08 |10,28|12,42| 14,27 | 15,84 |17,16| 18,24 | 19,10 | 19,73 | 20,14
09 [10,89(13,23|15,25|16,99 | 18,45| 19,64 | 20,58 | 21,27 | 21,71 | 09 |11,41|13,78 | 15,83 |17,56| 19,02 | 20,21 | 21,16 | 21,86 | 22,31

Evaporating Temperature -10 °C Evaporating Temperature -20 °C
Orifice Orifice
Type Pressure drop across valve [bar] Type Pressure drop across valve [bar]
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18

01 | 062|0,74| 085|094 |101|107|112|116| 1,18 | 01 | 063 | 0,75 | 0,86 | 0,94 | 1,01 | 1,07 | 1,12 | 1,15 | 1,17
02 | 1,23 148|169 | 1,87 | 203|215 | 224 | 231|236 | 02 | 127 | 151 | 1,71 | 1,89 | 203 | 2,14 | 2,23 | 2,29 | 2,33
03 | 1,47 | 1,75 | 2,00 | 2,21 | 238 | 252 | 2,63 | 2,72 | 2,76 | 03 | 1,51 | 1,78 | 2,02 | 2,22 | 2,38 | 2,52 | 2,62 | 2,69 | 2,73
04 | 236 | 283|324 359 388|411 | 429 | 443 | 451 | 04 | 243 | 2,89 | 3,28 | 3,61 | 3,88 | 4,11 | 427 | 439 | 4,46
05 | 4,04 | 484 | 553 | 6,12 | 6,61 | 7,00 | 7,31 | 7,54 | 7,67 | 05 | 4,15 | 493 | 560 | 6,16 | 6,61 | 6,99 | 7,27 | 7,47 | 7,59
06 | 562 | 6,72 | 7,68 | 8,48 | 9,16 | 9,70 [ 10,13| 10,45| 10,63| 06 | 577 | 6,85 | 7,77 | 854 | 9,17 | 9,69 | 10,08 | 10,36 | 10,52
07 | 8,83 [10,59|12,13|13,42|14,50| 15,37 | 16,06 | 16,57 | 16,87 | 07 | 9,07 | 10,80 | 12,27 | 13,50 | 14,52 | 15,35 | 15,98 | 16,43 | 16,69
08 |10,66|12,77|14,60| 16,14 |17,44|18,47|19,29| 19,90| 20,26 | 08 | 10,95| 13,02 | 14,77 | 16,24 | 17,45 18,45 | 19,19 | 19,73 | 20,05
09 |11,84|14,17|16,19|17,89| 19,33 |20,46 | 21,37 | 22,05 | 22,44 | 09 |12,16|14,44| 16,38 | 18,01 | 19,34 | 20,44 | 21,26 | 21,86 | 22,20

Evaporating Temperature -30 °C Evaporating Temperature -40 °C
Orifice Orifice
Type Pressure drop across valve [bar] Type Pressure drop across valve [bar]
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18

01 | 064|076 |085]| 094|100 105|109 112|113 | 01 | 065|076 | 085 | 093|099 | 103|107 | 1,09 | 1,10
02 | 129|152 171|187 |200 211|219 224|227 | 02 131|152 | 170 | 1,85 | 1,97 | 2,07 | 2,14 | 2,18 | 2,20
03 | 1,53 | 1,80 | 202|220 | 236|248 | 257 | 263 | 266 | 03 | 1,56 | 1,80 | 2,01 | 2,18 | 2,32 | 2,43 | 2,51 | 2,56 | 2,58
04 | 246 | 291 | 327 | 358 | 3,84 | 404 | 419 | 429 | 435 | 04 | 250 | 291 | 3,26 | 3,55 | 3,78 | 3,96 | 4,09 | 4,18 | 4,21
05 | 422 | 497 | 558 | 6,11 | 6,54 | 687 | 7,12 | 7,30 | 7,39 | 05 | 4,29 | 498 | 556 | 6,05 | 6,44 | 6,74 | 6,96 | 7,10 | 7,16
06 | 586 | 6,89 | 7,74 | 8,47 | 9,07 | 9,53 | 9,88 [10,11|10,24| 06 | 596 | 691 | 7,72 | 839 | 8,93 | 9,35 | 9,65 | 9,84 | 9,92
07 | 9,20 [ 10,86 |12,23|13,39 | 14,35 | 15,09 | 15,66 | 16,04 | 16,25| 07 | 9,36 | 10,89 | 12,19 | 13,27 | 14,14 | 14,81 | 15,30 | 15,61 | 15,74
08 |11,12(13,10|14,73|16,11 {17,26 | 18,14 | 18,81 | 19,26| 19,51 | 08 |11,31|13,13| 14,68 | 15,97 | 17,00| 17,80 | 18,38 | 18,75 | 18,90
09 [12,34|14,53|16,33|17,86 | 19,12 20,10 | 20,84 | 21,34 | 21,61 | 09 |12,56| 14,57 | 16,28 | 17,70 | 18,84 | 19,72 | 20,37 | 20,77 | 20,94

TABLE: 27B - Correction factor for subcooling Atsub # 4°K

Atsub [°K] 4 10 15 20 25 30 35 40 45
Fsub 1,00 1,14 1,15 1,23 1,30 1,37 1,45 1,49 1,56

When subcooling ahead of the expansion valve is other than 4 °K, adjust
the evaporatore capacity by dividing by the appropriate correction factor
found in Table 25B
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CHAPTER 4

SOLENOID EXPANSION VALVES
CERTIFIED BY UNDERWRITERS LABORATORIES INC.
FOR REFRIGERATION PLANTS THAT USE HCFC OR HFC REFRIGERANTS, HFO

APPLICATIONS

The solenoid expansion valves in series 2028UL illustrated

in this chapter can be used in a wide range of applications

as listed below:

e Refrigeration systems (display cases in supermarkets,
freezers, ice cream and icemaker machines, refrigerated
shipping, etc.).

e Air conditioning systems

e Heat pump systems

e Liquid chillers

That use the following refrigerant fluids:

e HCFC (R22)

e HFC (R134a, R404A, R407C, R410A, or R507)

e HFO and HFO/HFC mixtures (R1234ze, R448A, R449A,
R450A, and R452A)

belonging to Group 2, as defined in Article 13, Chapter 1(b)

of Directive 2014/68/EU, with reference to EC Regulation

No. 1272/2008.

For specific applications with refrigerant fluids not listed

above, please contact Castel Technical Department.

OPERATION

Please refer to Chapter 3, second paragraph, for the
description of the operation of the valves in series 2028UL,
as it is identical to that of valves in series 2028.

CONSTRUCTION

The valves in series 2028UL are supplied complete with
orifice. Nine different orifices with nine different maximum
capacities that range from orifice 01 to orifice 09 can be
assembled. The last two numbers in the part number
identify the type of orifice that has been mounted on the
valve at the factory. For example, part number 2028UL/3502
identifies a 3/8” valve with solder connections and size 02
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orifice. The orifices are interchangeable and can be mounted
even after the valve is soldered on the system. If you wish
to change orifice, purchase the corresponding spare parts
kit, according to the part number indicated in Table 29.
Inside the valve body is a ring mesh filter that traps dirt and
contaminants at the valve inlet.

Valves in series 2028UL are sold exclusively in the model
without coil (suffix S).

SELECTION

Please refer to Chapter 3, paragraph 4, for the description of
the operation of the valves in series 2028UL, as it is identical
to that of valves in series 2028.

CERTIFICATIONS

Le Solenoid expansion valves serie 2028UL sono The
American certification authority Underwriters Laboratories
Inc. has approved the expansion valves in series 2028UL.
The valves are certified UL-CSA Listed for the USA and
Canada with file MH50005, in compliance with American
standard UL 429 and Canadian standard C22.2 No. 139-13.
N.B.: The UL Listed certification is valid only if the
above-listed valves are coupled with the coils in series
9115, 9116, 9185, or 9186 illustrated in Chapter 9. If
the same valves are coupled with coils in series 9105
and 9125, again illustrated in Chapter 9, a “UL Listed”
certified valve is not obtained; rather, you obtain a “UL
Recognized” certified valve.

The coils in series 9105, 9115, 9116, 9125, 9185, and
9186 with voltages of 120 VAC, 208 VAC, 220/230 VAC,
240 VAC comply with the Low Voltage Directive, 2006/95/
EC and the Electromagnetic Compatibility Directive (EMC)
2004/108/EC.
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TABLE 28: General caracteristics of PWM expansion valves, UL Listed approved

. Opening Pressure
0DS Connections Differential [bar]
Minimum TS [°C] TA°C] Risk
i MOPD
Catalogue | Orifice fin (mm] N 0 Operating | Working | PS Categqry
number Type bl rinciples Time |[bar] gesod
’ e PP e =
i i Recast
IN | OUT| IN |OUT 9116 | 9186 | 9186 min. | max. | min. [ max.
(AC) | (AC) | (DC)
2028UL/3S01 3/8"[1/2"| - -
01 0,010
2028UL/M10S01 - - |10 | 12
2028UL/3S02 3/8"[1/2"| - -
02 0,017
2028UL/M10S02 - - |10 | 12
2028UL/3S03 3/8"1/2"| - -
03 0,023 37
2028UL/M10S03 - - |10 | 12
37 | 37
2028UL/3S04 3/8" 172" | - -
04 0,043
2028UL/M10S04 - - |10 | 12
2028UL/3S05 3/8" 172" | - - PWM
05 0,065 0 (Pulse Width 1 45 | -40 (+100| -20 | +50 | Art.4.3
2028UL/M10S05 - - |10 |12 Modulating)
2028UL/3S06 3/8" 172" | - -
06 0,113 27
2028UL/M10S06 - - |10 | 12
2028UL/4S07 172" |5/8" | - -
07 0,200 15 | 32 | 32
2028UL/M12S07 - - |12 | 16
2028UL/4S08 172" |5/8" | - -
08 0,230 12 | 27 | 27
2028UL/M12S08 - - |12 | 16
2028UL/4S09 172" |5/8" | - -
09 0,250 10 | 22 | 22
2028UL/M12S09 - - |12 | 16

TABLE 29: Orifices - Rated capacities in kW

Orifice Refrigerant
Size
[mm] | R134a | R22 R32 | R404A | R407C | R410A | R507A |R1234yf|R1234ze| R448A | R449A | R450A | R452A

Catalogue | Orifice
number | Type

9150/R63 | 01 0,5 0,74 1,04 2,44 0,73 1,18 1,16 0,76 0,56 0,59 1,02 1,13 | 0,63 | 0,90
9150/R64 | 02 0,7 1,47 2,08 4,88 1,47 2,35 2,31 1,52 1,12 1,17 204 | 226 | 126 | 181
9150/R65 | 03 0,8 1,74 2,46 5,74 1,73 2,77 2,72 1,79 1,32 1,39 2,40 266 | 1,49 | 213
9150/R66 | 04 1,1 2,81 3,99 9,34 2,81 4,50 4,42 2,91 2,13 2,24 390 | 432 | 240 | 346
9150/R67 | 05 1,3 4,81 6,81 | 1591 | 478 7,68 7,54 4,96 3,65 3,84 6,64 | 7,37 | 411 5,90
9150/R68 | 06 1,7 6,67 9,44 | 22,06 | 663 | 10,65 | 10,45 | 6,88 5,06 5,33 9,21 | 10,22 | 571 8,19
9150/R69 | 07 2,3 10,52 | 14,92 | 3494 | 10,49 | 16,83 | 16,54 | 10,88 | 7,98 8,39 | 14,57 | 16,15 | 8,98 | 12,95
9150/R78 | 08 2,5 12,68 | 17,96 | 42,00 | 12,62 | 20,26 | 19,89 | 13,09 | 962 | 10,12 | 17,53 | 19,44 | 10,84 | 15,58
9150/R79 | 09 2,7 14,07 | 19,91 | 46,54 | 1399 | 22,46 | 22,05 | 1451 | 10,67 | 11,23 | 19,43 | 21,55 | 12,03 | 17,27

Rated capacities are based on:
- Evaporating temperature TEvap =+5°C
- Condensing temperature T = + 32 °C

- Refrigerant liquid temperature ahead of valve T”q =+28°C

EXPANSION VALVES
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CHAPTER 5

SOLENOID EXPANSION VALVES
FOR VERY LOW TEMPERATURE

FOR REFRIGERATION PLANTS THAT USE THE R23 REFRIGERANT

APPLICATIONS

The solenoid expansion valves in series 2028R illustrated
in this chapter have been designed for installation in
very low temperature refrigeration plants that use R23
refrigerant fluid

OPERATION

Please refer to Chapter 3, second paragraph, for the
description of the operation of the valves in series 2028R, as
it is identical to that of valves in series 2028.

CONSTRUCTION

The valves in series 2028R are supplied complete with
orifice. Nine different orifices with nine different maximum
potentials that range from orifice 01 to orifice 09 can be
assembled. The last two numbers in the part number identify
the type of orifice that has been mounted on the valve at the
factory. For example, part number 2028R/3S02 identifies a
3/8” valve with solder connections and size 02 orifice. The
orifices are NOT interchangeable because it is strictly
prohibited to disassemble this valve for any reason,
including for brazing on the system. Inside the valve body
is a ring mesh filter that traps dirt and contaminants at the
valve inlet.

Valves in series 2028R are sold exclusively in the model
without coil (suffix S).

The main parts of the valves in series 2028R are made from
the same materials as the valves in series 2028, with the
exception of:

e Copper EN 1625 — Cu-DHP for the outlet gaskets

SELECTION

Please refer to Chapter 3, paragraph 4, for the description of
the operation of the valves in series 2028R, as it is identical
to that of valves in series 2028.

DIMENSIONING EXAMPLE

e Type of refrigerant: R23

* Evaporator capacity, Q,: 2.8 kW

e Evaporating temperature, T : - 40°C

® Minimum condensing temperature, T : -5°C

e Liquid refrigerant temperature, T, : -15°C

e Pressure drop in the liquid line, distributor and
evaporator, Ap 2 bar

Step 1 - Determine the pressure drop across the valve.

e Condensing pressure at - 5 °C - P, = 21.7 bar
e Evaporating pressure at — 40 °C - P,=7.06 bar

Ap,, =21,7-(7,06 +2) =12,6 - bar
Step 2 - Determine required valve capacity
AT, =-5-(-15)=10-°K

From the subcooling correction factor Table 31B, we find the
appropriate correction factor, F_ , equal to 1.05 for AT , =
10 °K. The required valve capacity is

Q,, = z-ywa = 2,67 -KW

Step 3 - Capacity correction based on the application
According to the above criterion, a correction of + 25% is
applied to the calculated capacity:

Q,, =125-267 =334 -kW

Step 4 - Determine the orifice size.

Using the capacity table 31A for R23 refrigerant, enter the
data:

e Pressure drop across the valve = 12.6 bar

e Evaporating temperature = - 40 °C

e Calculated evaporator capacity = 3.34 kW

Select the corresponding orifice, 03 (Note: the expansion
valve capacity must be equal to or slightly greater than the
calculated evaporator capacity)

EXPANSION VALVES
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2028R/3
2028R/M10

2028R/4
2028R/M12

66
66

119

150

\ 58

TABLE 30: General caracteristics of PWM expansion valves, suitable for R23

. Opening Pressure Risk
0DS Connections - Differential [bar] Mini- Cat-
Ori- Orifice| Kv caa[lJ:c- mum Y] TACCH eg?)ry
Csltjanz(:)gel:e fice fin] (mm] Size |Factor| ities MOPD Og:(r;?tllr;g Working [E;] accord-
Type [mm] | (moA0 | R23 | winopo [ - T T T PrINCIPIES 1 fime ing to
IN |ouT| IN |ouT (kW] 5 min. | max. | min. [ max.| PED
(A0) | (0O) | (AC) | (0O) o Recast
2028R/3501 3812t - | -
01 0,500 0,010 | 1,50
2028R/M10S01 - 1012
2028R/3502 3812t - | -
02 0,7 |0,017| 3,00
2028R/M10S02 - 1012
2028R/3503 38" 12" - | -
03 08 |0,023| 3,52 37 | 37
2028R/M10S03 - 1012
37 | 37
2028R/3504 38" 12" - | -
04 1,1 |0,043| 574
2028R/M10S04 - 1012
PWM
2028R/3505 38" 12" - | - (Pulse
05 1,3 |0,065| 977 | 0 , 1 | 45| -80 | +60 | -40 | +50 | Art.4.3
2028R/M10S05 - 1012 Width
Modulating)
2028R/3506 38"1/2"| - | -
06 1,7 |0,113{ 13,54 27 | 18
2028R/M10S06 - l10]12
2028R/4507 12" 58" - | -
07 2,300 0,200 | 21,45 18 | 14 | 32 | 32
2028R/M12507 - 1216
2028R/4508 1/2" 58" - | -
08 2,500 0,230 | 25,78 27 | 27
2028R/M12508 - 1216
2028R/4509 1/2" 58" - | -
09 2,700 0,250 | 28,57 10 | 22 | 22
2028R/M12509 - 1216

Rated capacities are based on:
ovap = -30 °C

- Evaporating temperature T
- Condensing temperature T = -4 °C
- Refrigerant liquid temperature ahead of valve TIlq =-8°C

EXPANSION VALVES
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TABLE 31A: Refrigerant R23 - Capacities in kW

Evaporating Temperature -30 °C Evaporating Temperature -40 °C
Orifice Orifice
Tye Pressure drop across valve [bar] Type Pressure drop across valve [bar]
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18

01 | 072|090 |107|122|137 150|162 |173]|183| 01 (076|095 | 112 | 128 | 1,42 | 15 | 1,69 | 1,80 | 1,91
02 | 1,44 | 180 | 214 | 2,44 | 2,73 | 3,00 | 3,24 | 3,46 | 367 | 02 | 152 | 189 | 224 | 256 | 2,85 | 3,12 | 3,37 | 3,60 | 3,82
03 | 1,71 | 213|252 | 288|321 |352| 381|407 |430| 03 | 181|224 | 264 | 3,01 ]| 335|367 |39 | 423 | 448
04 | 2,76 | 3,45 | 409 | 468 | 523 | 574 | 6,21 | 6,64 | 703 | 04 | 291 | 3,62 | 428 | 4,89 | 546 | 598 | 6,46 | 6,90 | 7,31
05 | 472 | 589|697 | 798 | 891|977 |1056(11,29|11,95| 05 | 4,99 | 6,19 | 7,31 | 834 | 9,29 | 10,18 |10,99 | 11,74 | 12,43
06 | 6,5 | 818 | 9,67 | 11,06 |12,35|13,54 | 14,64 | 15,65| 16,57 | 06 | 6,93 | 8,60 | 10,14 | 11,57 [ 12,89 | 14,11 | 15,24 | 16,27 | 17,23
07 |10,31 (12,89 |15,28|17,50 | 19,56 | 21,45 | 23,21 | 24,81| 26,28 | 07 |10,89|13,55| 16,01 | 18,29 | 20,40 | 22,35 | 24,16 | 25,81 | 27,33
08 |12,45|15,55|18,40| 21,05 | 23,51 | 25,78 | 27,88 |29,80|31,55| 08 |13,16|16,33 | 19,28 | 22,00 | 24,53 | 26,86 | 29,02 | 30,99 | 32,82
09 |[13,82 17,24 20,40 | 23,33 | 26,06 | 28,57 | 30,89 | 33,01 | 34,95| 09 |14,60|18,12| 21,38 | 24,39 | 27,18 | 29,77 | 32,15 | 34,33 | 36,35

Evaporating Temperature -50 °C Evaporating Temperature -60 °C
Orifice Orifice
Type Pressure drop across valve [bar] Type Pressure drop across valve [bar]
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18

01 | 084 (103|121 137 |152|166 | 179|191 | 202 01 |082| 101 | 1,18 | 1,34 | 1,49 | 1,62 | 1,75 | 1,86 | 1,97
02 | 1,68 | 2,06 | 2,42 | 2,74 | 3,04 | 3,32 | 3,58 | 3,82 | 404 | 02 | 1,64 | 2,01 | 2,36 | 2,68 | 297 | 3,24 | 3,49 | 3,72 | 3,94
03 | 200|244 | 285|323 | 358|391 | 421 | 448 | 474 | 03 | 195|238 | 2,78 | 3,15 | 3,49 | 3,81 | 410 | 437 | 4,62
04 | 322|395 | 462|525 |583|637|686|732|774| 04 | 314|385 452 | 512|569 | 621 | 669 | 7,13 | 7,54
05 | 551 (675|789 |89 | 9931084 |11,68|12,45|1317| 05 | 538 | 6,59 | 7,70 | 8,73 | 9,69 | 10,58 | 11,39 | 12,14 | 12,82
06 | 7,65 | 9,36 | 10,94 | 12,41 13,77 | 15,02 | 16,19| 17,26 | 18,25| 06 | 7,47 | 9,14 | 10,69 | 12,12| 13,44 | 14,66 | 15,79 | 16,82 | 17,77
07 [12,03|14,76|17,28| 19,63 | 21,80 | 23,80 | 25,66 | 27,37 | 28,95| 07 | 11,74| 14,41 | 16,88 | 19,16 | 21,27 | 23,23 | 25,02 | 26,68 | 28,19
08 |14,53|17,80| 20,81 23,61 26,21 | 28,60 | 30,83| 32,87 | 34,76 08 |14,18| 17,37 | 20,33 | 23,05 | 25,57 | 27,91 | 30,06 | 32,04 | 33,85
09 |16,13|19,74 23,08 | 26,18 | 29,05 | 31,69 | 34,16 | 36,41 | 38,50 | 09 | 15,74 | 19,27 | 22,54 | 25,55 | 28,34 | 30,93 | 33,31 | 35,49 | 37,49

Evaporating Temperature -70 °C Evaporating Temperature -80 °C
Orifice Orifice
Type Pressure drop across valve [bar] Type Pressure drop across valve [bar]
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18

01 | 092|109 126|142 | 156 170 | 1,82 | 194|204 | 01 | 108|111 | 126 | 1,42 | 1,55 | 1,69 | 1,81 | 1,92 | 2,02
02 | 1,84 | 219 | 252 | 283|312 | 339 | 3,64 | 387 | 408 | 02 | 215|221 | 253 | 2,83 | 3,11 | 3,37 | 3,61 | 3,83 | 4,04
03 | 218 | 258 | 297 | 333|367 398|427 454|479 | 03 | 255|262 | 298 | 3,33 | 3,66 | 3,96 | 4,24 | 450 | 473
04 | 352|418 | 482|542 |598 | 649|697 | 741|782 | 04 | 411 | 423 | 484 | 542 | 595 | 645 | 6,92 | 7,34 | 7,73
05 | 602|714 822|924 [10,18|11,05|11,86|12,61|13,29| 05 | 7,04 | 7,24 | 8,26 | 9,24 (10,14 10,99 | 11,77 | 12,49 | 13,15
06 | 8,36 | 9,92 |11,41|12,81|14,11|1532|16,45(17,48|18,42| 06 | 9,78 |10,04| 11,46 | 12,81 [ 14,07 | 15,23 | 16,31 [ 17,32 | 18,22
07 |13,14|15,63 |18,02| 20,26 | 22,34 | 24,27 | 26,07 | 27,72| 29,22 | 07 |15,38|15,83| 18,10 | 20,26 | 22,26 | 24,13 | 25,86 | 27,46 | 28,91
08 |15,88|18,85|21,70| 24,37 | 26,86 | 29,17 | 31,31 | 33,30 | 35,09 | 08 |18,57|19,09 | 21,80 | 24,37 | 26,77 | 29,00 | 31,06 | 32,98 | 34,71
09 |17,63 20,90 | 24,06 | 27,02 | 29,77 | 32,32 | 34,69 | 36,89 | 38,87 | 09 |20,62|21,17 | 24,17 | 27,02 | 29,67 | 32,13 | 34,42 | 36,53 | 38,45

Atsub [°K] 4 10 15 20 25 30 35 40 45

Fsub 1,00 1,05 1,10 1,15 1,20 1,25 1,29 1,40 1,45

When subcooling ahead of the expansion valve is other than 4 °K, adjust
the evaporatore capacity by dividing by the appropriate correction factor
found in Table 31B
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CHAPTER 6 N

SOLENOID EXPANSION VALVES

FOR REFRIGERATION PLANTS THAT USE HC REFRIGERANTS

¥

APPLICATIONS

The solenoid expansion valves illustrated in this chapter
have been developed by Castel for all those refrigeration
applications that use the following HC refrigeration fluids:
R290, R600, or R600a, belonging to Group 1, defined in
Article 13, Chapter 1, Point (a) of Directive 2014/68/EU,
with reference to EC Regulation No. 1272/2008.

The solenoid valves in series 2028N must be employed
only in refrigeration systems located in areas not
classified as at risk of explosion, according to the
definition in Annex | of Directive 1999/92/EC.

The solenoid expansion valves in series 2028EX
comply with the European standard EN 13463-1:2009
and, therefore, comply with the ESR of Directive
2014/34/EU - ATEX. This equipment is suitable for use
on refrigeration systems located in areas classified as
“Zone 2” risk of explosion, according to the definition
in Annex | of Directive 1999/92/EC.

CAUTION!: The solenoid expansion valves in
this chapter cannot be used with mineral oils or
alkylbenzenes.

OPERATION

Please refer to Chapter 3, second paragraph, for the
description of the operation of the valves in series 2028N
and 2028EX, as it is identical to that of valves in series 2028.

EXPANSION VALVES
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CONSTRUCTION

The valves in series 2028N and 2028EX are supplied
complete with orifice. Nine different orifices with nine
different maximum capacities that range from orifice 01 to
orifice 09 can be assembled. The last two numbers in the part
number identify the type of orifice that has been mounted
on the valve at the factory. For example, part number
2028N/3S02 identifies a 3/8” valve with solder connections
and size 02 orifice. The orifices are interchangeable and can
be mounted even after the valve is soldered on the system.
If you wish to change orifice, purchase the corresponding
spare parts Kit, according to the part number indicated in
Table 33.

Valves in series 2028N are sold exclusively in the model
without coil (suffix S).

The valves in series 2028EX are sold only in the version with
coil series 9100EX (A6 suffix with coil, 9100EX-220/230
VAC, ATEX certified).

The main parts of the valves in series 2028N and 22028EX

are made from the same materials as the valves in series

2028, with the exception of;

¢ Hydrogenated nitrile butadiene rubber (HNBR) for outlet
seal gaskets

SELECTION

Please refer to Chapter 3, paragraph 4, for the description of
the operation of the valves in series 2028N and 2028EX, as
it is identical to that of valves in series 2028.

DIMENSIONING EXAMPLE

e Type of refrigerant: R290

* Evaporator capacity, Q,: 2.8 KW

* Evaporating temperature, T.: 0°C

* Minimum condensing temperature, T : +35°C

* Liquid refrigerant temperature, T, : +20°C

e Pressure drop in the liquid line, distributor and
evaporator, Ap 2 bar

Step 1 - Determine the pressure drop across the valve.

* Condensing pressure at + 35 °C - P_ = 12.2 bar
* Evaporating pressure at 0 °C - P, = 4.7 bar

AP, =12,2— (4,7 +2)=55-bar

Step 2 - Determine required valve capacity
AT,, =35-20 =15-K

From the subcooling correction factor Table 34B, we find the




appropriate correction factor, F_,, equal to 1.12 for AT, = Step 4 - Determine required orifice size.

15 °K. The required valve capacity is Using the capacity Table 34A for R290 refrigerant, enter the
data:
Q,, = 2.? 12 = 25-kW * Pressure drop across the valve = 5.5 bar
1 e Evaporating temperature = 0 °C

e Calculated evaporator capacity = 3.1 kW

Select the corresponding orifice, 04 (Note: the expansion
valve capacity must be equal to or slightly greater than the
calculated evaporator capacity)

Step 3 - Capacity correction based on the application
According to the above sizing criterion, a correction of +
25% is applied to the calculated capacity:

Q,, =125:25=31-KW

2028N/3 2028N/4
2028N/M10 2028N/M12
(o]
[(e]
(@]
‘ 5
\ 58
OCo0) 2028EX/3 2028EX/4
= 2028EX/M10 2028EX/M12
|
3 | 3
o &
- =il ((]] \
| 58 mm
| 58
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TABLE 32: General caracteristics of PWM expansion valves, suitable for HC (R290, R600, R600a)

. Opening Pressure
Catalogue number 0DS Connections Differential [bar] ) ) Risk
Mini- TS[°Cl | TAPCl | gat-
i- in mm MOPD
. er fin} [mim] Y Operating mum PS egory
ATEX ATEX Compliance | fice Factor principles Working [bar] a_ccord-
No compliance for use in Type [m*/h] | MinOPD | 9100EX s160l0160 Time ing to
EX Zone 2 IN [oUT| IN |ouT 9110EX ls] min. | max. | min. | max.| PED
(AC) | (DC) Recast
(AC)
2028N/3S01  |2028EX/3A601 3/8"|1/2" | - | -
01 0,010
2028N/M10S01 |2028EX/M10A601 - - | 10|12
2028N/3S02  |2028EX/3A602 3/8"|1/2" | - | -
02 0,017
2028N/M10S02 |2028EX/M10A602 - - | 10|12
2028N/3S03  |2028EX/3A603 3/8"|1/2"| - | -
03 0,023 37 37 | 37
2028N/M10S03 |2028EX/M10A603 - | - (1012
2028N/3S04  |2028EX/3A604 3/8"|1/2" | - | -
04 0,043
2028N/M10S04 |2028EX/M10A604 - - | 10|12
PWM
2028N/3S05  |2028EX/3A605 3/8"(1/2"| - - (Pulse
05 0,065 0 Width 1 45 | -40 [+100| -20 | +50 | Art.4.3
2028N/M10S05 |2028EX/M10A605 - - 10 ] 12 ! .
Modulating)
2028N/3S06  |2028EX/3A606 3/8"|1/2" | - -
06 0,113 27 27 | 18
2028N/M10S06 |2028EX/M10A606 - - [10] 12
2028N/4S07  |2028EX/4A607 1/2"(5/8"| - -
07 0,200 15
2028N/M12S07 |2028EX/M12A607 - - |12 |16
14
2028N/4S08  |2028EX/4S08 1/2"(5/8"| - -
08 0,230 12 18
2028N/M12S08 |2028EX/M12S08 - - [ 12]16
2028N/4S09  |2028EX/4S09 1/2"|5/8" - | -
09 0,250 10 22
2028N/M12S09 |2028EX/M12S09 - - [ 12]16

TABLE 33: Orifices - Rated capacities in kW
Catalogue number OTr!i,fli)cee Ogifzige remgerant

[mm] R290 R600 R600a
9150N/R63 01 0,5 1,10 0,60 0,70
9150N/R64 02 0,7 2,20 1,30 1,50
9150N/R65 03 0,8 2,70 1,50 1,70
9150N/R66 04 1,1 4,20 2,30 2,60
9150N/R67 05 1,3 7,40 410 4,60
9150N/R68 06 1,7 10,10 6,40 7,30
9150N/R69 07 2,3 16,10 10,30 11,10
9150N/R78 08 2,5 19,40 13,20 13,40
9150N/R79 09 2,7 21,60 14,70 14,90

Rated capacities are based on:
- Evaporating temperature T, =+ 5 °C

- Condensing temperature T

cond

=+32°C

- Refrigerant liquid temperature ahead of valve T”q =+28°C
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TABLE 34A: Refrigerant R290 - Capacities in kW

Evaporating Temperature 10 °C Evaporating Temperature 0 °C
Orifice Orifice
Tye Pressure drop across valve [bar] Type Pressure drop across valve [bar]
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18

01 (08509 |108 116|121 125 (125|124 119 | 01 | 088 | 1,00 | 1,10 | 1,18 | 1,23 | 1,26 | 1,27 | 1,26 | 1,22

02 | 1,75 | 205|226 | 238|241 234|218 | 192|157 | 02 | 188 | 211 | 228 | 238 | 242 | 2,39 | 2,30 | 2,14 | 1,91

03 199|243 | 274 (292|299 |292|274|243 199 | 03 | 215|250 | 276 293 | 301|300 (291|273 | 245

04 | 312|380 | 429 | 458 | 467 | 458 | 429 | 3,80 | 313 | 04 | 3,37 | 391 | 432 | 459 | 472 | 471 | 456 | 427 | 3,85
05 | 550 | 668 | 7,51 | 801|817 | 800|749 | 664 | 546 | 05 | 594 | 687 | 757 | 8,03 | 824 | 822 | 7,95 | 7,44 | 6,69
06 | 7,47 | 9,07 |10,21|10,90|11,12|10,89|10,20| 9,06 | 7,45 | 06 | 8,06 | 9,34 | 10,29 (10,91 | 11,21 | 11,18 | 10,82 | 10,14 | 9,13
07 |12,00|14,55|16,36|17,44 | 17,80 | 17,42 | 16,30 | 14,46 | 11,89 | 07 |12,94|14,98|16,49 (17,47 |17,94|17,88 | 17,30 | 16,20 | 14,57
08 |14,31]17,43|19,66|21,00|21,45|21,02(19,70|17,49|14,40| 08 |15/44|17,94|19,81|21,03|21,63|21,58 | 20,90 | 19,59 | 17,64
09 [1591(19,38]| 21,87 | 23,37 | 23,88 | 23,40 | 21,93 | 19,47 | 16,03 09 |17,16| 19,95 | 22,04 | 23,41 | 24,08 | 24,03 | 23,28 | 21,82 | 19,65

Evaporating Temperature -10 °C Evaporating Temperature -20 °C
Orifice Orifice
Tye Pressure drop across valve [bar] Type Pressure drop across valve [bar]
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18

01 | 091 (102|111 118 123|125 | 126|125| 121 | 01 | 093 | 103|111 | 1,17 | 1,22 | 1,24 | 1,25 | 1,23 | 1,20

02 | 202|219| 230|238 240|239 |233|223|208 | 02 | 212|223 | 231|236 | 237|235 | 230|221 | 2,09

03 | 233|259 |278 292299 300|295 |284]|267| 03 |245| 265|279 | 289|294 | 294|290 | 280 | 2,66

04 | 365 | 4,05 | 436 | 456 | 467 | 469 | 460 | 442 | 415 | 04 | 3,84 | 414 | 437 | 453 | 461 | 461 | 454 | 439 | 4,16

05 | 643 | 712|764 | 799|817 | 819 | 804 | 7,73 | 724 | 05 | 6,75 | 7,28 | 7,67 | 7,93 | 8,07 | 8,07 | 7,94 | 7,68 | 7,29
06 | 873|966 |10,37|1086|11,11|11,14(10,93|10,50| 9,84 | 06 | 9,17 | 9,88 | 10,42 | 10,78 | 10,96 | 10,96 | 10,78 | 10,43 | 9,90
07 |14,02(1550|16,63|17,38|17,78|17,81|17,48|16,79|15,73| 07 |14,73|1586|16,70|17,27|17,55|17,55| 17,26 | 16,69 | 15,84
08 |16,73|18,57|19,97 | 20,93 | 21,44| 21,50 | 21,13| 20,31 | 19,04 08 |17,59| 19,00 | 20,07 | 20,79 | 21,16 | 21,18 | 20,86 | 20,19 | 19,18
09 |18,60| 20,66 | 22,22 | 23,29 | 23,86 | 23,94 | 23,53 | 22,61 [ 21,21 | 09 |19,55 (21,13 | 22,32 | 23,13 | 23,55 | 23,58 | 23,22 | 22,47 | 21,34

Evaporating Temperature -30 °C

Orifice

Type Pressure drop across valve [bar]

2 4 6 8 10 12 14 16 18

01 | 094|103 111|116 | 120|122 | 123|121 ]| 1,18
02 | 217 | 225 | 231|233 |233|230 225|216 | 2,05
03 | 252|268 279|286 |29 |289| 284|276 | 263
04 | 395|419 | 436 | 447 | 452 | 451 | 4,43 | 429 | 4,08
05 |69 |73 765|784 |792)|789|775]|751|715
06 | 9,44 | 9,99 |10,39|10,65 | 10,76 | 10,71 { 10,52 | 10,19 | 9,70
07 |15,16 (16,03 | 16,66 | 17,06 | 17,22 | 17,14 | 16,83 | 16,29 | 15,51

08 |18,12]19,21 20,02 | 20,53 | 20,76 | 20,70 | 20,35 | 19,71 | 18,78
09 |20,14|21,37 22,27 | 22,85 | 23,11 | 23,05 | 22,66 | 21,95 | 20,92

TABLE: 34B - Correction factor for subcooling Atsub # 4°K
Atsub [°K] 4 10 15 20 25 30 35 40 45

Fsub 1,00 1,06 1,12 1,18 1,24 1,30 1,35 1,40 1,45

When subcooling ahead of the expansion valve is other than 4 °K, adjust
the evaporatore capacity by dividing by the appropriate correction factor
found in Table 34B
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TABLE 35A: Refrigerant R600 - Capacities in kW

TABLE: 35B - Correction factor for subcooling Atsub # 4°K

Atsub [°K]

4

10

15

20

25

30

35

40

45

Evaporating Temperature 12 °C Evaporating Temperature 4 °C
OTr:If‘l(;e Pressure drop across valve [bar] OTr;f[;c‘;e Pressure drop across valve [bar]
0,5 1 2 4 6 8 10 12 16 0,5 1 2 4 6 8 10 12 16
01 | 060|062 | 065|069 ]|072]0,73] 0,71 01 | 0,61 | 062 | 0,64 | 068 | 0,70 | 0,71 | 0,70
02 (099 117 | 1,37 | 1,62 | 1,78 | 1,91 | 2,01 02 (1,04 119 | 1,35 | 1,55 | 1,67 | 1,77 | 1,84
03 (105|128 | 157|192 | 215 | 2,34 | 2,50 03 (1,10 | 1,31 | 1,65 | 1,83 | 2,02 | 2,17 | 2,29
04 | 1,65 | 201 | 246 | 3,00 | 3,37 | 3,66 | 3,91 04 | 1,73 | 205|242 | 2,87 | 317 | 3,39 | 3,58
05 | 293 | 356 | 433 | 527 | 591 | 641 | 6,83 05 | 3,07 | 362 | 427 | 504 | 555 | 594 | 6,27
06 | 458 | 558 | 6,79 | 8,27 | 9,28 | 10,07 | 10,73 06 | 480 | 567 | 6,70 | 7,91 | 871 | 9,33 | 9,85
07 | 7,39 | 898 10,92 13,27 | 14,87 | 16,12 [ 17,17 07 | 7,75 | 9,13 | 10,76 | 12,68 | 13,96 | 14,95 | 15,76
08 | 9,41 |11,48|14,02|17,12|19,24| 20,91 | 22,29 08 | 9,86 |11,67|13,82|16,36| 18,06 | 19,38 | 20,46
09 |10,44)12,75|15,58| 19,04 | 21,41 | 23,27 | 24,82 09 |10,94|12,96 | 15,36 | 18,20 | 20,10 | 21,56 | 22,78
Evaporating Temperature 0 °C Evaporating Temperature -8 °C
0{;2? Pressure drop across valve [bar] 0{;,2? Pressure drop across valve [bar]
0,5 1 2 4 6 8 10 12 16 0,5 1 2 4 6 8 10 12 16
01 | 061|062 | 0,64 | 0,67 | 0,69 | 0,70 | 0,69 01 | 0,61 | 0,62 | 0,64 | 0,66 | 0,67 | 0,67 | 0,66
02 (1,06 120 13| 152|163 | 1,71 | 1,78 02 | 1,10 | 1,21 | 1,33 | 1,47 | 1,55 | 1,61 | 1,66
03 (1,13 (132 | 154|180 197 | 2,10 | 2,21 03 | 117 | 1,33 | 1,52 | 1,74 | 1,87 | 1,98 | 2,07
04 | 1,77 | 2,06 | 2,41 | 2,82 | 3,08 | 3,29 | 3,46 04 | 1841|209 | 238 | 272|293 | 310 3,23
05 | 3,14 | 3,65 | 425 | 495 | 540 | 576 | 6,04 05 | 3,26 | 3,70 | 4,20 | 4,77 | 514 | 542 | 5,65
06 | 491 | 572|666 | 7,76 | 8,48 | 9,04 | 9,49 06 | 511 | 580 | 6,58 | 7,47 | 8,05 | 8,48 | 8,84
07 | 7,92 | 9,21 |10,71|12,45| 13,60 | 14,48 | 15,19 07 | 822 | 9,33 10,59 12,02 |12,95| 13,65 | 14,22
08 |10,08|11,77|13,75| 16,07 | 17,59 | 18,77 | 19,73 08 |10,47{11,93|13,59 15,49 | 16,72 | 17,65 18,40
09 |[11,19]13,08 15,28 (17,87 | 19,57 | 20,88 | 21,96 09 |[11,61]13,25(15,12|17,25| 18,63 | 19,68 | 20,54
Evaporating Temperature -20 °C
OT";?)(;E Pressure drop across valve [bar]
0,5 1 2 4 6 8 10 12 16
01 | 0,60 | 0,61 | 0,62 | 0,63 | 0,64 | 0,63 | 0,62
02 | 1,14 1122|130 | 1,39 | 1,44 | 1,48 | 1,51
03 | 1,21 |134| 149|165 | 1,75 | 1,82 | 1,88
04 | 191|211 | 233|258 | 273 | 285 | 294
05 | 338|373 | 411 | 453 | 479 | 499 | 515
06 | 530 | 584 | 644 | 710 | 752 | 7,83 | 8,08
07 | 8,54 | 9,40 [10,35|11,40 [ 12,05|12,55| 12,94
08 10,87 (12,02 13,29 | 14,71 | 15,60 | 16,27 | 16,80
09 |12,06 (13,35|14,77 |16,35|17,35|18,10| 18,70

Fsub

1,00

1,06

1,09

1,14

1,19

1,23

1,28

1,38

1,43

When subcooling ahead of the expansion valve is other than 4 °K , adjust
the evaporatore capacity by dividing by the appropriate correction factor
found in Table 35B
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TABLE 36A: Refrigerant R600a - Capacities in kW

Evaporating Temperature 12 °C Evaporating Temperature 4 °C
OTr)ilf‘i)(;e Pressure drop across valve [bar] OTr)i’f[i)c‘;e Pressure drop across valve [bar]
0,5 1 2 4 6 8 10 12 16 0,5 1 2 4 6 8 10 12 16
01 | 0,61 | 064 | 068 | 072|075 | 0,76 | 0,78 01 | 0,60 | 0,64 | 0,68 | 0,73 | 0,75 | 0,77 | 0,79
02 (1,04 122 | 1,42 | 1,66 | 1,82 | 1,94 | 2,03 02 (1,12 (1,27 | 1,43 | 1,61 | 1,72 | 1,81 | 1,88
03 | 1,11 | 134|162 | 196 | 220 | 2,38 | 2,563 03 | 1,19 139|163 | 190 | 2,08 | 2,22 | 2,34
04 | 1,74 | 210 | 2,54 | 3,08 | 3,44 | 3,72 | 3,96 04 | 1,87 | 218 | 2,55 | 2,98 | 3,26 | 3,48 | 3,66
05 | 3,08 | 372|448 | 540 | 6,03 | 6,51 | 692 05 | 332|386 |450] 523 |572]6,09 | 639
06 | 484 | 585|705 851 | 950 |10,27|10,91 06 | 522 | 6,08 | 708|824 901|960 |10,08
07 | 7,41 | 892 |10,75|12,95| 14,44 | 15,60 | 16,56 07 | 7,98 | 9,28 |10,79 (12,54 | 13,69 | 14,58 | 15,30
08 | 8,75 (10,59 |12,82|15,51| 17,35 18,78 | 19,97 08 | 9,43 | 11,01|12,86| 15,02 | 16,45 | 17,55 | 18,45
09 | 9,71 | 11,76 | 14,24 17,25 | 19,30 | 20,90 | 22,23 09 |10,46|12,23 14,29 | 16,71 | 18,31 | 19,53 | 20,54
Evaporating Temperature 0 °C Evaporating Temperature -8 °C
OTr;g(;e Pressure drop across valve [bar] OTr}i);i)Ze Pressure drop across valve [bar]
0,5 1 2 4 6 8 10 12 16 0,5 1 2 4 6 8 10 12 16
01 | 0,60 | 0,64 | 0,68 | 0,72 | 0,75 | 0,77 | 0,78 01 | 061|064 | 068 | 072|074 | 0,75 | 0,77
02 (1,16 (1,29 | 1,43 | 1,59 | 1,68 | 1,76 | 1,82 02 | 1,24 | 133 | 1,44 | 1,55 | 1,62 | 1,67 | 1,71
03 (123|142 163 | 1,88 | 2,04 | 2,16 | 2,26 03 | 1,31 | 1,47 | 164 | 1,83 | 1,96 | 2,05 | 2,13
04 | 193|222 | 256 | 294 | 319 | 3,38 | 3,54 04 | 206|230 | 257|287 | 307|321 | 333
05 | 343|393 | 451 | 516 | 559 | 592 | 6,18 05 | 3,65 | 4,07 | 453 | 505 | 537 | 562 | 582
06 | 540 | 6,19 | 7,10 | 8,14 | 8,82 | 9,33 | 9,75 06 | 574 | 640 | 7,13 | 7,95 | 8,47 | 8,86 | 9,17
07 | 8,25 | 9,45 | 10,81 12,38 | 13,40 | 14,17 | 14,80 07 | 878 | 9,77 | 10,87 12,09 | 12,87 | 13,46 | 13,93
08 | 975 |11,21|12,90| 14,83 | 16,10| 17,06 | 17,85 08 |10,37|11,60| 12,96 | 14,49 | 15,47 | 16,20 | 16,79
09 |10,82|12,45|14,33| 16,50 | 17,91 | 18,99 | 19,87 09 |11,51(12,88|14,41|16,12| 17,21 | 18,03 | 18,69
Evaporating Temperature -20 °C
OT";?)(;E Pressure drop across valve [bar]
0,5 1 2 4 6 8 10 12 16
01 | 062|065 067|069 0,71|0,72| 0,73
02 | 1,31 | 138 | 1,47 | 1,56 | 1,61 | 1,65 | 1,68
03 | 1,42 | 152|164 | 1,77 | 1,85 | 1,90 | 1,95
04 | 222|239 | 257 | 2,77 | 2,89 | 2,98 | 3,05
05 | 394 | 423 | 453 | 486 | 507 | 522 | 534
06 | 619 | 6,65 | 7,14 | 7,66 | 7,99 | 8,23 | 8,42
07 | 9,47 [10,15(10,88 | 11,66 | 12,14 | 12,49 | 12,78
08 |11,19(12,05|12,97 | 13,97 | 14,59 | 15,04 | 15,40
09 (12,42 (13,38 | 14,42 1553 |16,23 | 16,74 | 17,14

TABLE: 36B - Correction factor for subcooling Atsub # 4°K

Atsub [°K] 4 10 15 20 25 30 35 40 45
Fsub 1,00 1,06 1,11 1,16 1,21 1,26 1,31 1,40 1,45

When subcooling ahead of the expansion valve is other than 4 °K , adjust
the evaporatore capacity by dividing by the appropriate correction factor
found in Table 36B
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CHAPTER 7

SOLENOID EXPANSION VALVES

FOR REFRIGERATION PLANTS THAT USE THE R744 REFRIGERANT

APPLICATIONS

The solenoid expansion valves in series 2028E illustrated
in this chapter have been developed by Castel for all the
applications that use the sub-critical R744 refrigeration fluid
belonging to Group 2, defined in Article 13, Chapter 1, Point
(b) of Directive 2014/68/EU, with reference to EC Regulation
No. 1272/2008.

CAUTION!: the solenoid valves in this chapter cannot be
used with other refrigerant fluids.

OPERATION

Please refer to Chapter 3, second paragraph, for the
description of the operation of the valves in series 2028E, as
it is identical to that of valves in series 2028.

CONSTRUCTION

The valves in series 2028E are supplied complete with
orifice. Ten different orifices with ten different maximum
potentials that range from orifice 00 to orifice 09 can be
assembled. The last two numbers in the part number
identify the type of orifice that has been mounted on the
valve at the factory. For example, part number 2028E/3502
identifies a 3/8” valve with solder connections and size 02
orifice. The orifices are interchangeable and can be mounted
even after the valve is soldered on the system. If you wish to
change orifice, purchase the corresponding spare parts Kit,
according to the part number indicated in Table 38.
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Valves in series 2028E are sold exclusively in the model
without coil (suffix S).

The main parts of the valves in series 2028E are made
from the same materials as the valves in series 2028, with
the exception of:

e Ethylene propylene rubber (EPDM) for outlet seal gaskets

SELECTION

Please refer to Chapter 3, paragraph 4, for the description of
the operation of the valves in series 2028E, as it is identical
to that of valves in series 2028.

DIMENSIONING EXAMPLE

¢ Type of refrigerant: R744

e Evaporator capacity, Q,: 2.8 kW

e Evaporating temperature, T : -30°C

 Minimum condensing temperature, T : -5°C

e Liquid refrigerant temperature, T, : -15°C

e Pressure drop in the liquid line, distributor and evaporator,
Ap 2 bar

Step 1 - Determine the pressure drop across the valve.
e Condensing pressure at - 5 °C - P, = 30.4 bar
e Evaporating pressure at — 30 °C - P, = 14.3 bar

Ap,, =30,4-(14,3+2)=14,1-bar
Step 2 - Determine required valve capacity
AT,, =-5-(-15)=10-°K

From the subcooling correction factor Table 39B, we find the
appropriate correction factor, F_,, equal to 1.05 for AT , =
10 °K. The required valve capacity is

2,8 :
Q,, = Aus'ﬂ-ﬁ? KW

Step 3 - Capacity correction based on the application
According to the above sizing criterion, a correction of +
25% is applied to the calculated capacity:

Q,, = 125267 = 333 kW

Step 4 - Determine required orifice size.

Using the capacity Table 39A for R744 refrigerant, enter
the data:

e Pressure drop across the valve = 14.1 bar

e Evaporating temperature = - 30 °C

e (alculated evaporator capacity = 3.33 kW

Select the corresponding orifice, 02 (Note: the expansion
valve capacity must be equal to or slightly greater than the
calculated evaporator capacity).
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TABLE 37: General caracteristics of PWM expansion valves, suitable for R744

0DS Connections 0&%:2%5 :?;:rr]e Risk
” Minimum TS [°C] TAIC] Cat['fo
Catalogue Orifice [in] [mm] MOPD Operating | Working | PS gory
number Type s rinciples Time | [bar] Cos LY
* [mR] | MinOPD | 024 | g0 e [s] 0 PED
i i Recast
IN [OUT | IN |OUT (A0) | (0C) min. | max. | min. | max.
2028E/3500 3/8" | 12" | - -
00 0,003
2028E/M10S00 - - |10 | 12
2028E/3501 3/8" | 12" | - -
01 0,010
2028E/M10S01 - - 10 | 12
2028E/3S02 3/8" [ 1/2" | - -
02 0,017
2028E/M10S02 - - 10 | 12
2028E/3S03 3/8" | 1/2" | - -
03 0,023 0 37 37
2028E/M10S03 - - 10 | 12
2028E/3S04 3/8" | 1/2" | - -
04 0,043
2028E/M10S04 - - 10 12 PWM
£/ y ; (Pulse Width 1 80 | -50 [+100| -40 | +50 | Art4.3
2028E/3505 3 |12t - | - Modulati
05 0,065 odulating)
2028E/M10S05 - - 10 | 12
2028E/3S06 3/8" | 1/2" | - -
06 0,113
2028E/M10S06 - - 10 | 12
2028E/4S07 12" | 5/8" | - -
07 0,200 0 35 35
2028E/M12S07 - - 12 | 16
2028E/4S08 172" | 5/8" | - -
08 0,230 0 30 30
2028E/M12S08 - - 12 | 16
2028E/4S09 172" | 5/8" | - -
09 0,250 0 25 25
2028E/M12S09 - - | 12| 16

TABLE 38: Orifices - Rated capacities in KW

Catalogue number OTr:’fri(;e Ogifzige remgerant

[mm] R744
9151E/R13 00 0,3 0,94
9150E/R63 01 0,5 2,30
9150E/R64 02 0,7 4,10
9150E/R65 03 0,8 5,40
9150E/R66 04 1,1 8,22
9150E/R67 05 1,3 14,50
9150E/R68 06 1,7 20,20
9150E/R69 07 2,3 32,10
9150E/R78 08 2,5 38,10
9150E/R79 09 2,7 43,40

Rated capacities are based on:

- Evaporating temperature Tmp =-25°C

- Condensing temperature T, = 0 °C

- Refrigerant liquid temperature ahead of valve Tm =-4°C

EXPANSION VALVES
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TABLE 39A: Refrigerant R744 - Capacities in kW

Evaporating Temperature 5 °C

Orifice Type Pressure drop across valve [bar]
2 4 6 8 10 12 14 16 18 20 24 26 28 32
00 0,34 0,42 0,49 0,55 0,60 0,64 0,67 0,68 0,69 0,69 0,64 0,61 0,56 0,43
01 0,81 1,01 1,18 1,33 1,45 1,55 1,62 1,66 1,68 1,68 1,59 1,50 1,40 1,10
02 1,74 2,02 2,27 2,48 2,64 2,76 2,84 2,88 2,88 2,84 2,63 2,47 2,26 1,72
03 2,11 2,54 2,91 3,23 3,48 3,68 3,81 3,89 3,91 3,88 3,62 3,41 3,14 2,42
04 3,30 3,98 4,56 5,04 5,44 5,74 5,96 6,08 6,11 6,05 5,65 5,32 4,89 3,76
05 5,72 6,86 7,85 8,68 9,35 9,87 | 10,23 | 10,43 | 10,48 | 10,37 | 9,68 9,10 8,36 6,43
06 8,01 9,61 11,00 | 12,16 | 13,11 | 13,84 | 14,35 | 1464 | 1471 | 1456 | 13,61 | 12,80 | 11,78 | 9,07
07 12,32 14,76 | 16,87 18,65 | 20,09 | 21,20 | 21,97 | 22,40 | 22,50 | 22,27 | 20,80 | 19,56 | 17,98 | 13,83
08 14,83 17,85 | 20,46 | 22,65 | 24,44 | 2582 | 26,78 | 27,34 | 27,48 | 27,22 | 25,46 | 23,96 | 22,06 | 17,01
09 16,31 | 19,64 | 22,52 | 24,95 | 26,92 | 28,44 | 29,51 | 30,13 | 30,29 | 30,00 | 28,07 | 26,43 | 24,33 | 18,77
Evaporating Temperature 0 °C
Orifice Type Pressure drop across valve [bar]
2 4 6 8 10 12 14 16 18 20 24 26 28 32
00 0,36 0,45 0,53 0,60 0,65 0,69 0,72 0,74 0,75 0,74 0,70 0,66 0,60 0,46
01 0,89 1,11 1,30 1,47 1,60 1,71 1,78 1,83 1,86 1,85 1,75 1,66 1,54 1,22
02 1,91 2,22 2,49 2,72 2,90 3,03 3,12 3,17 3,17 3,12 2,89 2,71 2,48 1,89
03 2,24 2,70 3,10 3,43 3,70 3,91 4,05 4,14 4,16 412 3,85 3,63 3,34 2,57
04 3,46 417 477 5,28 5,70 6,02 6,24 6,37 6,40 6,34 5,92 5,57 5,12 3,94
05 6,12 7,34 8,39 9,28 | 10,00 | 10,55 | 10,94 | 11,15 | 11,20 | 11,09 | 10,35 | 9,73 8,95 6,87
06 8,31 9,97 | 11,41 | 12,62 | 13,60 | 14,36 | 14,88 | 1518 | 1526 | 15,10 | 14,11 | 13,28 | 12,22 | 941
07 13,37 | 16,02 | 18,31 | 20,24 | 21,80 | 23,00 | 23,84 | 24,31 | 2442 | 2416 | 22,57 | 21,22 | 19,51 | 15,01
08 1596 | 19,21 | 22,01 | 24,38 | 26,30 | 27,78 | 28,82 | 29,42 | 29,58 | 29,29 | 27,40 | 25,79 | 23,74 | 18,31
09 17,69 | 21,30 | 24,43 | 27,06 | 29,20 | 30,85 | 32,01 | 32,68 | 32,86 | 32,55 | 30,45 | 28,66 | 26,39 | 20,36
Evaporating Temperature -10 °C
Orifice Type Pressure drop across valve [bar]
2 4 6 8 10 12 14 16 18 20 24 26 28 32
00 0,40 0,49 0,58 0,65 0,71 0,75 0,78 0,80 0,81 0,81 0,76 0,71 0,66 0,50
01 0,98 1,23 1,44 1,62 1,77 1,88 1,97 2,02 2,05 2,04 1,93 1,83 1,70 1,34
02 2,19 2,55 2,86 3,12 3,32 3,48 3,58 3,63 3,63 3,58 3,32 3,11 2,84 2,17
03 2,51 3,02 3,46 3,84 414 4,37 4,54 4,63 4,66 4,61 4,31 4,06 3,74 2,88
04 3,96 4,76 5,45 6,04 6,51 6,88 7,13 7,28 7,31 7,24 6,76 6,36 5,85 4,50
05 6,94 8,32 9,52 10,52 11,34 | 11,96 12,40 12,65 12,70 | 12,57 | 11,74 | 11,03 | 10,14 7,79
06 9,42 11,31 12,93 14,31 15,42 16,28 16,87 17,22 17,30 | 17,12 16,00 | 15,06 | 13,85 | 10,67
07 15,16 18,17 | 20,76 | 22,95 | 24,72 | 26,08 | 27,03 | 27,56 | 27,69 | 27,40 | 25,59 | 24,06 | 22,13 | 17,02
08 18,07 | 21,75 | 24,93 | 27,60 | 29,78 | 31,46 | 32,63 | 33,31 | 33,49 | 33,17 | 31,02 | 29,20 | 26,88 | 20,73
09 20,10 | 24,20 | 27,75 | 30,74 | 33,17 | 35,05 | 36,37 | 37,13 | 37,33 | 36,97 | 34,59 | 32,56 | 29,98 | 23,13
Evaporating Temperature -20 °C
Orifice Type Pressure drop across valve [bar]
2 4 6 8 10 12 14 16 18 20 24 26 28 32
00 0,48 0,56 0,63 0,70 0,76 0,81 0,85 0,89 0,91 0,93 0,95 0,94 0,93 0,88
01 1,19 1,39 1,58 1,75 1,89 2,02 2,12 2,21 2,28 2,32 2,35 2,34 2,30 2,18
02 2,60 2,89 3,14 3,37 3,57 3,73 3,86 3,96 4,03 4,07 4,05 4,00 3,91 3,65
03 301 | 343 | 381 | 414 | 444 | 468 | 489 | 505 | 517 | 524 | 527 | 521 | 511 | 479
04 4,74 5,41 6,00 6,53 6,99 7,38 7,71 7,96 8,16 8,28 8,33 8,25 8,11 7,61
05 8,32 9,45 | 10,47 | 11,38 | 12,17 | 12,84 | 13,40 | 13,84 | 14,16 | 1437 | 14,44 | 1430 | 14,04 | 13,18
06 11,29 | 12,84 | 1423 | 1546 | 16,53 | 17,45 | 18,21 | 18,80 | 19,24 | 19,53 | 19,61 | 19,42 | 19,07 | 17,89
07 18,16 | 20,63 | 22,84 | 24,80 | 26,51 | 27,96 | 29,16 | 30,11 | 30,81 | 31,25 | 31,38 | 31,07 | 30,50 | 28,61
08 21,67 | 24,70 | 27,42 | 29,83 | 31,94 | 33,73 | 3522 | 36,40 | 37,27 | 37,83 | 38,04 | 37,68 | 37,01 | 3475
09 2410 | 27,48 | 30,52 | 33,22 | 3557 | 37,57 | 39,24 | 40,56 | 41,53 | 42,16 | 42,39 | 41,99 | 4124 | 38,72
Continued
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TABLE 39A: Refrigerant R744 - Capacities in kW

Evaporating Temperature -30 °C

Orifice Type Pressure drop across valve [bar]
2 4 6 8 10 12 14 16 18 20 24 26 28 32
00 0,61 0,67 0,73 0,78 0,82 0,86 0,90 0,93 0,96 0,98 1,01 1,02 1,02 1,01
01 1,52 1,67 1,81 1,94 2,05 2,16 2,26 2,34 2,41 2,47 2,56 2,59 2,61 2,60
02 3,21 3,39 3,56 3,72 3,85 3,97 4,08 4,16 4,23 4,28 4,34 4,34 4,32 4,24
03 3,78 4,07 434 4,58 4,80 5,00 517 5,32 5,44 5,54 5,67 5,69 5,70 5,63
04 5,96 6,41 6,84 7,22 7,57 7,88 8,15 8,39 8,59 8,75 8,97 9,02 9,04 8,96
05 10,43 | 11,21 | 11,92 | 12,58 | 13,17 | 13,69 | 1415 | 1455 | 14,88 | 1515 | 1550 | 1557 | 1559 | 15,42
06 1416 | 1522 | 16,20 | 17,09 | 17,90 | 18,62 | 19,25 | 19,79 | 20,24 | 20,61 | 21,09 | 21,20 | 21,22 | 20,99
07 22,76 | 24,45 | 26,01 | 27,42 | 28,70 | 29,84 | 30,84 | 31,71 | 32,43 | 33,02 | 33,77 | 33,95 | 33,98 | 33,63
08 27,22 | 29,31 | 31,23 | 32,99 | 34,57 | 3598 | 37,22 | 38,29 | 39,19 | 39,92 | 40,87 | 41,09 | 41,14 | 40,73
09 30,28 | 32,62 | 34,78 | 36,74 | 38,52 | 40,10 | 41,49 | 42,70 | 43,72 | 44,54 | 4563 | 4588 | 4595 | 4552
Evaporating Temperature -40 °C
Orifice Type Pressure drop across valve [bar]
2 4 6 8 10 12 14 16 18 20 24 26 28 32
00 0,71 0,76 0,81 0,85 0,89 0,93 0,96 0,99 1,02 1,04 1,08 1,09 1,10 1,12
01 1,77 1,89 2,01 2,11 2,21 2,30 2,39 2,46 2,53 2,59 2,69 2,72 2,75 2,78
02 3,65 3,79 3,92 4,03 4,14 424 4,32 4,39 4,45 451 4,57 4,59 4,59 4,57
03 4,35 4,58 4,79 4,99 517 5,33 5,48 5,60 5,72 5,81 5,95 6,00 6,02 6,03
04 6,85 7,21 7,54 7,85 8,13 8,38 8,61 8,81 8,99 9,13 9,35 9,42 9,46 9,47
05 11,98 | 12,59 | 13,15 | 13,67 | 14,15 | 1458 | 1496 | 1529 | 1559 | 1583 | 16,19 | 16,30 | 16,36 | 16,35
06 16,27 | 17,10 | 17,87 | 18,58 | 19,23 | 19,81 | 20,34 | 20,80 | 21,19 | 21,53 | 22,01 | 22,16 | 22,24 | 22,23
07 26,14 | 27,46 | 28,68 | 29,80 | 30,83 | 31,75 | 32,58 | 33,30 | 33,93 | 34,46 | 3522 | 3545 | 3558 | 35,54
08 31,30 | 32,95 | 34,47 | 3587 | 37,15 | 38,31 | 39,35 | 40,26 | 41,06 | 41,73 | 42,71 | 43,01 | 43,20 | 43,21
09 34,84 | 36,68 | 38,38 | 39,95 | 41,39 | 42,68 | 43,84 | 44,87 | 4576 | 46,51 | 47,61 | 47,96 | 48,16 | 48,18
Evaporating Temperature -50 °C
Orifice Type Pressure drop across valve [bar]
2 4 6 8 10 12 14 16 18 20 24 26 28 32
00 0,80 0,83 0,87 0,90 0,94 0,97 1,00 1,03 1,06 1,08 1,12 1,14 1,15 1,18
01 1,95 2,05 2,15 2,24 2,33 2,40 2,47 2,53 2,59 2,64 2,71 2,74 2,75 2,77
02 4,04 413 4,22 4,30 4,37 4,43 4,49 4,54 4,59 4,62 4,67 4,69 4,70 4,69
03 4,76 4,95 5,13 5,29 5,44 5,58 5,70 5,81 5,91 5,99 6,11 6,15 6,18 6,19
04 7,50 7,79 8,07 8,33 8,56 8,77 8,96 9,13 9,28 9,40 9,59 9,65 9,69 9,70
05 13,10 | 13,61 | 14,07 | 14,51 | 1490 | 1526 | 1558 | 1586 | 16,11 | 16,32 | 16,63 | 16,73 | 16,80 | 16,81
06 17,79 18,48 19,12 19,71 20,25 | 20,74 | 21,18 | 21,57 | 21,91 22,19 | 22,62 | 22,75 | 22,84 | 22,86
07 28,58 | 29,67 | 30,68 | 31,61 | 32,47 | 33,24 | 33,93 | 34,54 | 3508 | 3553 | 36,19 | 36,40 | 36,54 | 36,56
08 34,26 | 3563 | 36,89 | 38,06 | 39,13 | 40,11 | 40,98 | 41,76 | 42,43 | 43,01 | 43,87 | 44,16 | 44,34 | 44,42
09 38,13 | 39,67 | 41,09 | 42,40 | 43,60 | 44,69 | 4568 | 46,55 | 47,31 | 47,97 | 48,95 | 49,27 | 49,49 | 49,59

TABLE: 39B - Correction factor for subcooling Atsub # 4°K

Atsub [°K]

1

4

10

15

20

25

30

35

40

45

Fsub

0,96

1,00

1,05

1,10

1,15

1,20

1,25

1,29

1,39

1,43

When subcooling ahead of the expansion valve is other than 4 °K , adjust
the evaporatore capacity by dividing by the appropriate correction factor

found in Table 39B
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CHAPTER 8

STANDARD COILS AND CONNECGTORS

APPLICATIONS

For the solenoid expansion valves presented in Chapters 3
(series 2028), 5 (series 2028R), and 6 (series 2028N), the
coils in series 9160 (coils type HM4) and the coils in series
9320 (coils type HF3) are available.

For the solenoid expansion valves presented in Chapter 7
(series 2028E) the coils in series 9320 (coils type HF3) are
available.

The coils in series 9320 must be coupled only with
connectors 9150/R02 or 9900/X66. The protection
rating guaranteed by the coil + connector system is IP65
according to the EN 60529 standard.

Coils in series 9160 must be used preferably with
connector type 9155 / RO1 and 9155/R02. The protection
rating of the coil + connector 9155/R01 system is IP65/
IP68 according to the EN 60529 standard. Alternatively,
these coils can be coupled with connectors in series 9150/
R02 or 9900/X66. In this case, the protection rating of this
system is IP65 according to the EN 60529 standard.

CONSTRUCTION

In compliance with IEC 85 standard, the coils in series 9160
and 9320 have Class F encapsulation and their production
is compliant with standards EN 60730-1 and EN 60730-2-
8. The windings are made of copper wire, with insulation
class H (180 °C), in compliance with IEC standard 85.
The outer casing is made of waterproof, dielectric resins
that guarantee reinforced insulation and allow any type of
assembly.

All coils have Class | protection ratings against electric
contacts. Consequently, their safety requires an efficient
ground system. Rubber gaskets assembled on the upper
and lower ends of the coils (only on the lower end for coils
in series 9320) complete the protection of the windings
from humidity.

The terminals of the coils in series 9160 and 9320 consist

of two Faston connectors plus a Faston ground connector.
Al coils in this chapter are designed for continuous use.
The solid construction of these coils makes them suitable
for use in refrigeration systems operating in heavy-duty
environments.

CERTIFICATIONS

Coils in series 9160 with 110 VAC, 220/230 VAC and 240
VAC power supply, and coils in series 9320 with 220/230
VAC power supply are manufactured according to the Low
Voltage (LV) Directive (2006/95/EC). All coils in this chapter
comply with the Electromagnetic Compatibility (EMC)
Directive (2004/108/EC).

CONNECTORS

DIN 43650 standardized connectors 9150/R02 represent
an effective system for the connection of the coil to the
power system, thus ensuring safety also in the presence
of moisture. Based on the assembly requirements, these
connectors allow you to choose the orientation of the outer
casing with respect to the inner terminal block. The gland
nut of the outer casing is suitable for receiving cables with
an external diameter of 6 to 9 mm and is equipped with a
self-locking device. Three-pole cables with a cross-section
greater than or equal to 0.75 mm? are recommended.

The connectors in series 9900/X66 are available with co-
moulded cables, 1 m long. In this version, the orientation
of the casing cannot be changed with respect to the
terminal block.

Castel developed specific connectors, series 9155/R01,
suitable for use in refrigeration systems operating in heavy-
duty environments, for example:

e exposure to the atmospheric conditions

e rooms with high degree of moisture

e cyclic condensing / evaporation on the valve

e cyclic icing / defrosting on the valve

EXPANSION VALVES
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Based on the assembly requirements, these connectors
allow you to choose the side orientation of the outer casing
with respect to the inner terminal block. It is not possible
to point the exit of the cable upwards. The gland nut of the
outer casing is suitable for receiving cables with an external
diameter of 6 to 9 mm and is equipped with a self-locking

9160 (tipo HM4)
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device. It is again recommended that three-pole cables with
a cross-section greater than or equal to 0.75 mm? be used.
The connectors in series 9155/R02 are available with co-
moulded cables, 1 m long. In this version, the orientation of
the casing cannot be changed with respect to the terminal
block.

9320 (tipo HF3)

83
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\ 9900/X66
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TABLE 40: General characteristics of coils

Insulation TA[°C]
Cl\?lmobgeure Coil Type Vogla]ge Voltage[:/o]lerance Fre[qu;;zcy class Connection | Connectors | Protection Degree
’ EN 60730 | min. | max.
9160/RA2 24 AC.
+10/-10 IP 65
9160/RA4 110AC. 50/ 60 9150/R02 (with connectors
9160/RA6 220/230 A.C. +6/-10 Terminal 9150, 9900)
9155/R01
HM4 F -20 +50 | block for DIN 155/R02
9160/RA7 240 AC. +10/-10 43650/A | 2199/R0 P65/ 1P 68
9900/ X## .
9160/RD1 19D.C. (with connector
+10/-5 _ 915%)
9160/RD2 24 D.C.
9320/RA6 220/230 A.C. +6/-10 50/60 Terminal
9320/RD1 HF3 12 D.C. F -20 | +50 | block for DIN 3150/R02 . IP 65
+10/-5 43650/A 9900/X## (with connector)
9320/RD2 24 D.C. -

TABLE 41: Consumptions and weights of coils

Consumption at 20 °C [mA]
C';alﬂot;q;e Coil Type Vogzge P([J\\,I\V,]el' Start Working W([eég]] i
50 [Hz] 60 [Hz] D.C. 50 [Hz] 60 [Hz] D.C.

9160/RA2 24A.C. 1490 1320 700 530
9160/RA4 110A.C. 330 300 156 118
9160/RA6 220/230 A.C. 8 162 142 ) 76 57 )

HM4 220
9160/RA7 240A.C. 147 130 70 53
9160/RD1 12 D.C. 17 1300 1300
9160/RD2 24 D.C. 15,5 ) ) 650 ) ) 650
9320/RA6 220/230 A.C. 12 190 160 - 110 80 -
9320/RD1 HF3 12D.C. 20 1720 1720 500
9320/RD2 24 D.C. 20 ) ) 895 ) ) 895

TABLE 42: General characteristics of connectors

Catalogue Number Cablc{aée}ength Cablﬁhrg]( fless Standard Degree of protection | Class of insulation Approval
9150/R02 - - B
DIN 43650 ENIZ?)229
9900/X66 1 3x0,75 Group C )
VDE 0110-1 /89
9155/R01 - - . IP65/IP68 _
9155/R02 1 3x0,75 EN 60529

EXPANSION VALVES
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CHAPTER 9 R

COILS AND CONNECTORS

CERTIFIED BY UNDERWRITERS LABORATORIES INC.

APPLICATIONS

For the solenoid expansion valves approved by the American

certification authority, Underwriters Laboratories Inc. and

presented in Chapter 4 (series 2028UL), the following coils

are available:

o Series 9105 (coil type HM2), with connection type DIN
43650

e Series 9125 (coil type HM3), with connection type DIN
43650

e Series 9115 (coil type CM2-N2), with connection type
“Junction Box NEMA 2”.

o Series 9116 (coil type CM2-N4), with connection type
“Conduit Hub NEMA 4”.

e Series 9185 (coil type CM3-N2), with connection type
“Junction Box NEMA 2”.

o Series 9186 (coil type CM3-N4), with connection type
“Conduit Hub NEMA 4”.

Coils in series 9105 and 9125 must be coupled with
connector type 9150UL/R02. The protection rating of the
coil + connector system is IP65 according to the EN 60529
standard.

The coils in series 9115 and 9185 are complete with a
connection system to a metal sheath. The protection rating
guaranteed by the “Junction Box” connection system is
similar to IP12-32 according to the EN 60529 standard.
The coils in series 9116 and 9186 are complete with a
connection system to a metal sheath. The protection rating
guaranteed by the “Conduit Hub” connection system is
similar to IP54 according to the EN 60529 standard.

CONSTRUCTION

In compliance with IEC standard 85, the coils in series
9105, 9125, 9115, 9116, 9185 and 9186 have Class
F encapsulation and their production is compliant with
standards EN 60730-1 and EN 60730-2-8. The windings
are made of copper wire, with insulation class H (155°C), in
compliance with IEC standard 85. The outer casing is made
of waterproof, dielectric resins that guarantee reinforced
insulation and allow any type of assembly.

EXPANSION VALVES
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All coils have Class | protection ratings against electric
contacts. Consequently, their safety requires an efficient
ground system. Rubber gaskets assembled on the upper
and lower ends of the coils complete the protection of the
windings from humidity.

The coils in series 9105 and 9125 are equipped with three
flat terminals, two Faston connections in line plus a Faston
ground connection.

The coils in series 9115 and 9185 are equipped with
two cables, at least 153 mm long, and ground screw
incorporated in the body of the metal casing. The body of
the casing is screwed onto the metal reinforcement of the
coil and there are two semi-sheared slots to screw on a
metal sheath. A metal cover screwed on the body closes the
casing and encloses the joints between the power cable and
the coil wires.

Coils in series 9116 and 9186 are equipped with two wires,
at least 457 mm long. The flange of the nozzle is screwed to
the metal reinforcement of the coil. The nozzle is threaded
in order to screw on a metal sheath.

All coils in this chapter are designed for continuous use.
The solid construction of these coils makes them suitable
for use in refrigeration systems operating in heavy-duty
environments.

CERTIFICATIONS

The American certification authority ~ Underwriters
Laboratories Inc. has approved coils in series 9015, 9125,
9115, 9116, 9185, and 1986. These coils are certified UL-
CSA Recognized for the USA and Canada with file E243604,
in compliance with American standard UL 429 and Canadian
standard C22.2 No. 139-13.

Only when a coil in series 9115, 9116, 9185 or 9186
is used with a coil-less valve in Chapter 4 (valve in
series 2028UL) is a solenoid expansion valve obtained
that is “UL Listed” certified according to file MH50005,
in compliance with American standard UL 429 and
Canadian standard G22.2 No. 139-13.

Note: coupling a coil in series 9105 or 9125 with the
same valve in series 2028UL does not result in a
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“UL Listed” certified valve; rather, you obtain a “UL VAC comply with the Low Voltage Directive (2006/95/EC).
Recognized” certified valve. All coils in this chapter comply with the Electromagnetic
The coils in series 9015, 9125, 9115, 9116, 9185, and Compatibility (EMC) Directive (2004/108/EC).

9186 with voltages of 120 VAC, 208 VAC, 220/230 VAC, 240
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TABLE 43: General characteristics of coils, UL Recognized approved

Insulation TA[°C]
Cﬁtalot?ue Coil Type VEIED Voltageut/olerance Frelclluecy class Connection | Connectors | Protection Degree
umber [\ [%] (H] EC85 | min. | max.
9105/RA2 24 A.C.
9105/RA4 120A.C. +10/-10 )
Terminal P65
9105/RA5 HM2 208 A.C. 60 F -20 +50 | block for DIN | 9150UL/R02 .
(with connector)
43650/A
9105/RA6 220/230 A.C. +6/-10
9105/RA7 240 A.C. +10/-10
9115/RA2 24A.C.
9115/RA4 120A.C. +10/-10
Junction box
9115/RA5 CM2-N2 208 A.C. 60 F -20 +50 NEMA 2 - ~ 1P 12-32
9115/RA6 220/230 A.C. +6/-10
9115/RA7 240 A.C. +10/-10
9116/RA2 24A.C.
9116/RA4 120A.C. +10/-10
Conduit hub
9116/RA5 CM2-N4 208 A.C. 60 F -20 +50 NEMA 4 - ~ P 54
9116/RA6 220/230 A.C. +6/-10
9116/RA7 240 A.C. +10/-10
9125/RD1 12D.C.
+10/-5 -
9125/RD2 24 D.C.
9125/RA2 24 A.C. .
Terminal P65
9125/RA4 HM3 120A.C. +10/-10 F -20 +50 | block for DIN | 9150UL/R02 .
(with connector)
43650/A
9125/RA5 208 A.C. 60
9125/RA6 220/230A.C. +6/-10
9125/RA7 240 A.C. +10/-10
9185/RD1 12D.C.
+10/-5 -
9185/RD2 24 D.C.
9185/RA2 24 A.C.
Junction box
9185/RA4 CM3-N2 120A.C. +10/-10 F -20 +50 NEMA 2 - ~ 1P 12-32
9185/RA5 208 A.C. 60
9185/RA6 220/230A.C. +6/-10
9185/RA7 240 A.C. +10/-10
9186/RD1 12D.C.
+10/-5 -
9186/RD2 24 D.C.
9186/RA2 24A.C.
9186/RA4 CM3-N4 120A.C +10/-10 F -20 +50 Conduit hub - ~ 1P 54
" NEMA 4
9186/RA5 208 A.C. 60
9186/RA6 220/230 A.C. +6/-10
9186/RA7 240 A.C. +10/-10
CONNECTOR
The American certification authority ~Underwriters presence of moisture. Based on the assembly requirements,

Laboratories Inc. has approved connector 9150UL/R02. This
connector is certified UL-CSA Recognized for the USA and
Canada with file E333724, in compliance with American
standard UL 1977 and Canadian standard C22.2 No. 182.3.
The DIN 43650 standardized connector 9150UL/R02
represents an effective system for the connection of the
coil to the power system, thus ensuring safety also in the

EXPANSION VALVES
VE-ED 01/2017 - ENG

this connector allows you to choose the orientation of the
outer casing with respect to the inner terminal block. The
gland nut of the outer casing is suitable for receiving cables
with an external diameter of 6 to 9 mm and is equipped with
a self-locking device. Three-pole cables with a cross-section
greater than or equal to 0.75 mm? are recommended.
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TABLE 44: Consumptions and weights of coils

Consumption at 20 °C [mA]
C;E%Ot?;e Coil Type Vogzge P({)vv\\,/]er Start Working W?é?ht
60 [Hz] D.C. 60 [Hz] D.C.
9105/RA2 24A.C. 1746 725
9105/RA4 120A.C. 353 154
9105/RA5 HM2 208 A.C. 11 195 - 84 - 170
9105/RA6 220/230 A.C. 140 63
9105/RA7 240A.C. 140 63
9115/RA2 24 A.C. 1746 725
9115/RA4 120A.C. 353 154
9115/RA5 CM2-N2 208 A.C. 1 195 - 84 - 310
9115/RA6 220/230 A.C. 140 63
9115/RA7 240 A.C. 140 63
9116/RA2 24A.C. 1746 725
9116/RA4 120A.C. 353 154
9116/RA5 CM2-N4 208 A.C. 1 195 - 84 - 240
9116/RA6 220/230 A.C. 140 63
9116/RA7 240 A.C. 140 63
9125/RD1 12D.C. - 1720 = 1720
9125/RD2 24 D.C. # - 895 - 895
9125/RA2 24A.C. 2060 1015
9125/RA4 HM3 120A.C. 506 261 470
9125/RA5 208 A.C. 20 286 - 152 -
9125/RA6 220/230 A.C. 260 133
9125/RA7 240A.C. 235 122
9185/RD1 12D.C. - 1720 - 1720
9185/RD2 24 D.C. 2 - 895 - 895
9185/RA2 24 A.C. 2060 1015
9185/RA4 CM3-N2 120A.C. 506 261 590
9185/RA5 208 A.C. 20 286 - 152 -
9185/RA6 220/230 A.C. 260 133
9185/RA7 240A.C. 235 122
9186/RD1 12 D.C. - 1720 - 1720
9186/RD2 24 D.C. 2 - 895 - 895
9186/RA2 24 A.C. 2060 1015
9186/RA4 CM3-N4 120A.C. 506 261 530
9186/RA5 208 A.C. 20 286 - 152 -
9186/RA6 220/230 A.C. 260 133
9186/RA7 240 A.C. 235 122

TABLE 45: General characteristics of connectors, UL Recognized approved

Catalogue Number Standard Degree of protection Class of insulation Approval
IP65 Group C VDE )
9150UL/R02 DIN 43650 EN 60529 0110-1 /89 UL Recognized
EXPANSION VALVES
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CHAPTER 10

COILS AND CONNECTORS, ATEX-CERTIFIED

APPLICATIONS

For the solenoid expansion valves compliant with the ATEX
Directive and presented in Chapter 6 (series 2028EX), the
following coils are available:

e Series 9100EX (coils type HM2)

e Series 9110EX (coils type CM2)

These coils are classified as Group Il, Category 3
equipment according to the ATEX Directive (2014/34/
EU). This equipment is suitable for use on refrigeration
systems located in areas classified as “Zone 2” potentially
explosive environments according to the definitions in
Annex | of Directive 1999/92/EC.

Coils in series 9100EX must be used only with connector
type 9150EX/R0O2. The protection rating of the coil +
connector system is IP65 according to the EN 60529
standard.

CONSTRUCTION

The coils in series 9100EX and 9120EX are manufactured
in compliance with European standards EN 60079-0:2009
and 60079-18:2009, which ensure their compliance to
the Essential Health and Safety Requirements of Directive
2014/34/EU.The two series of coils are Class F encapsulated
and have Class H enamelled copper wire windings, in
compliance with IEC standard 85. The outer casing is made
of waterproof, dielectric resins that guarantee reinforced
insulation and allow any type of assembly.

All coils have Class | protection ratings against electric
contacts. Consequently, their safety requires an efficient
ground system. Rubber gaskets assembled on the upper
and lower ends of the coils complete the protection of the
windings from humidity.

The terminals of the coils in series 9100EX consist of two
Faston connectors plus a Faston ground connector. Coils in
series 9110EX are equipped with a 1 m long power supply
cable incorporated in the encapsulated section. The cable
has a polyurethane sheath with operating temperature
of up to 125 °C and cable insulation in special PVC with
an operating temperature of up to 125 °C. All coils in this
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chapter are suitable for continuous operation. The solid
construction of these coils makes them suitable for use in
refrigeration systems operating in heavy-duty environments

CERTIFICATIONS

Compliance of the coils in series 9100EX to Directive
2014/34/EU is certified by the Italian notified body IMQ, with
certificate No. IMQ 13 ATEX 002X (Certified Type Test).
Protection type of the coils in series 9100EX: Ex mc lIC T5 Ge
/ Ex mc llIC T100°C Dc IP65.

Compliance of the coils in series 9110EX to Directive
94/9/EC is certified by the Italian notified body IMQ, with
certificate No. IMQ 13 ATEX 001X (Certified Type Test).
Protection type of the coils in series 9110EX: Ex mc lIC T4 Gc
/ Exmc llIC T135°C Dc IP65.

Coils in series 9100EX and 9110EX with 110 VAC, 220/230
VAC and 240 VAC voltages are produced in accordance with
the Low Voltage Directive (2006/95/EC). All coils in series
9100EX and 9110EX comply with the Electromagnetic
Compatibility (EMC) Directive (2004/108/EC).

CONNETTORE

Connector 9150EX/R02 is classified as Group II, Category
3 equipment according to the ATEX Directive (2014/34/EU).
This equipment is suitable for use on refrigeration systems
located in areas classified as “Zone 2” potentially explosive
environments according to the definitions in Annex | of
Directive 1999/92/EC.

The DIN 43650 standardized connector 9150EX/R02
represents an effective system for the connection of the
coil to the power system, thus ensuring safety also in the
presence of moisture. Based on the assembly requirements,
this connector allows you to choose the orientation of the
outer casing with respect to the inner terminal block. The
gland nut of the outer casing is suitable for receiving cables
with an external diameter of 6 to 9 mm and is equipped with
a self-locking device. Three-pole cables with a cross-section
greater than or equal to 0.75 mm? are recommended.
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A N.B.: PRODUCT SUITABLE FOR
HYDROCARBON REFRIGERANTS

The products in this chapter can be used with HC

refrigerants classified as flammable fluids and that are in

Safety Group A3 according to Standard EN 378-1:2016.

These products must be used exclusively in refrigeration

systems that comply with the current regulations for

flammable refrigerant fluids (series EN 60335).

Only authorized personnel, qualified to work on flammable
refrigeration systems, must perform installation,
maintenance and repair operations.

N.B.: The personnel must carefully follow the
operating instructions provided in the packaging of
said valves.
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TABLE 46: General characteristics of coils ATEX compliance for use in EX Zone 2

Insulation TA[°C]
Catalogue Coil Type Voltage Voltageutolerance Frequecy class Connection | Connectors | Protection Degree
Number V] [%] [Hz] EN 60730 | min. | max.
9100EX/RA2 24 AC. Terminal
9100EX/RA4 110A.C +0/-10 block for DIN
HM2 = 50/60 H 20 | +50 | “3B50A | o150Ex/m02 " IP 65 .
9100EX/RAG 220/230 A.C. +6/-10 (with connector)
9100EX/RA7 240A.C. +10/-10
9110EX/RA2 24 AC.
+10/-10
9110EX/RA4 110 AC. ;
M2 50/60 H 20 | +50 Threeb‘:”'res IP 66
9110EX/RA6 220/230A.C. +6/-10 cable
9110EX/RA7 240A.C. +10/-10

TABLE 47: Consumptions and weights of coils

Consumption at 20 °C [mA]
Catalogue . Voltage Power ) Weight
Number Coil Type v W] Start Working (o]
50 [Hz] 60 [Hz] D.C. 50 [Hz] 60 [Hz] D.C.
9100EX/RA2 24 AC. 920 825 527 420
9100EX/RA4 110A.C. 230 205 128 114
HM2 8 _ _ 230
9100EX/RA6 220/230 A.C. 120 105 68 58
9100EX/RA7 240A.C. 100 87 54 43
9110EX/RA2 24 AC. 920 825 527 420
9110EX/RA4 110A.C. 230 205 128 114
CcMm2 8 _ _ 230
9110EX/RA6 220/230 A.C. 120 105 68 58
9110EX/RA7 240 A.C. 100 87 54 43

TABLE 48: General characteristics of connectors

Catalogue Number Standard Degree of protection Class of insulation Approval
ATEX compliance
IP65 Group C )
9150EX/R02 DIN 43650 EN 60529 VDE 0110-1 /89 for use in
EX Zone 2
EXPANSION VALVES
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CHAPTER 11 |

“SMART CONNECTOR” SYSTEM

APPLICATIONS

The “SMART CONNECTOR” systems series 9910 are

formed by coupling a connector in series 9152, equipped

with an integrated electronic circuit in the connector, with a

specific series 9300 coil designed for the connector. These

systems have been designed by Castel to be installed on:

e Normally-closed solenoid valves in series 1024, 1028,
1034, 1038, 1040, 1048, 1050, 1058, 1059, 1064, 1068,
1070, 1078, 1079, 1090, 1098 and 1099

¢ Solenoid expansion valves in series: 2028, 2028N, 2028R,
and 2028E, if suitably sized to have opening / closing
cycles with a frequency greater than 0.6 seconds.

and allow:

e areduction in energy consumption when fully operational

e a consequent reduction in the operating temperature

e an extension of the coil life

e an increase in the MOPD value

N.B.: Castel does not sell the two parts (coil and

connector) that make up a “SMART CONNECTOR”

system separately.

CONNECTION CONSTRUCTION

EN 175301-803 (former DIN 43650) standardized
connectors 9152 represent an effective system for the
connection of the coil to the power system, thus ensuring
safety also in the presence of moisture.

Connectors 9152 are available in both the direct current
version (with 12 VDC and 24 VDC voltages) and in the
alternating current version (with 24 VAC or 220/240 VAC
voltages).

The direct current versions are equipped with polarity
inversion protection.

The alternating current versions are equipped with a bridge
rectifier circuit integrated on the circuit.

All versions, both direct current and alternating current,
are equipped with a diode device that guarantees surge
protection. All versions have the voltage for use and the
wiring diagram printed on the casing. The gland nut of the
outer casing is suitable for receiving cables with an external
diameter of 6 to 9 mm and is equipped with a self-locking
device. It is recommended that three-pole cables with a
cross-section greater than or equal to 0.75 mm2 be used.
There are no versions with co-moulded cables.

Each connector in a “SMART CONNECTOR” system
must be used only for the type of coil with which it is
coupled in the system. Incorrect use of the connector
with other types of coils produced by Castel will
quickly damage the coil and the connector.

COIL CONSTRUCTION

Coils in series HF2 (9300) used in the “SMART CONNECTOR”
systems are special coils available in both the direct current
version (with 12 VDC and 24 VDC voltages) and rectified
current version (with 24 VRAC, 220 VRAC, or 240 VRAC).
These coils are in Class H, in accordance with IEC standard
85 and their production is compliant with standards EN
60730-1 and EN 60730-2-8. The windings are made of
enamelled copper wire, with insulation class H (180 °C),
in compliance with IEC standard 85. The terminals of the
coils consist of two Faston connectors plus a Faston ground
connector. The outer casing is made of waterproof, dielectric
resins that guarantee reinforced insulation and allow any
type of assembly.

They have Class | protection ratings against electric contacts.
Consequently, their safety requires an efficient ground
system. A rubber gasket assembled on the lower end of the
coil completes the protection of the windings from humidity.
When coupled with connectors 9152, these coils guarantee
an IP65 protection rating according to standard EN 60529.
The coils are designed for continuous use. The solid
construction of these coils makes them suitable for use in
refrigeration systems operating in heavy-duty environments
The maximum ambient temperature for all coils is 50 °C.
Each coil in a “SMART CONNECTOR” system must be
used only in combination with the type of connector
with which it is coupled in the system. Incorrect use
of the coil with other types of connectors produced by
Castel will quickly damage the coil and the connector.

OPERATION

Through the integrated circuit in the connector, and coupling
with the specific coil, connectors 9152 are capable of
improving the MOPD characteristics of Castel solenoid
expansion valves, reducing the power consumption by up
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to 50% over time, extending the coil life, and decreasing
the noise.

The integrated circuit located inside the connector works
in different modes based on the power supply voltage.
Specifically, there are two main families with different
operating logics.

Connectors 9152/RD (direct current) supercharge the
dedicated coil 9300 to its maximum allowed power for a
short, pre-set interval. This is called the “Boost” time. It
generates a greater attraction force on the valve’s magnetic
unit, and consequently increases the MOPD value. At the end
of the “Boost” phase, during normal operation, connectors
9152/RD maintain the electric consumption of the dedicated
coil 9300 at a lower value, from 45% to 55% lower than the
power absorbed by the coil. The power reduction occurs by
powering the coil with a high-frequency pulsed current (ON/
OFF cycles), from 15 to 30 kHz. This frequency is aimed at
guaranteeing the minimum magnetic force to keep the valve
open during operation.

Connectors 9152/RA (alternating current) supercharge the
coils 9300 for a pre-set interval. This is called the “Boost”
time. It generates a greater atiraction force on the valve’s
magnetic unit, and consequently increases the MOPD
value. Once this period is over, the electronics remove one
phase wave every second one, with an effect comparable
to powering the coil with pulsed/rectified current with a
frequency half of that of the network. By using this system,
you obtain an electric power consumption reduction of the
unit to a value from 35% to 45%, while maintaining the

9910/RD

54
45,5
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minimum magnetic force that allows the valve to be opened.
This operating logic makes the “Smart Connector” system
powered in alternating current very quiet, reducing the
normal noise level, which can be up to 13 dB, to values less
than 4 dB based on the valve installation.

Using the afore-mentioned logic, it is possible to significantly
reduce the electricity consumption (which can be
important considering the system of refrigerator aisles in a
supermarket). Also, it leads to a lower operating temperature
of the coil and therefore, in conclusion, less wear on the
electromechanical drive system. Obviously, these reductions
in consumption are strictly related to the use of the coils. For
proper evaluation of the real energy savings, it is necessary
to consider the number of coil interventions with respect to
the normal power supply time of the valve. If the number of
interventions is reduced, the consumption is reduced; if the
number of interventions increases, the consumption grows.
Table 49 shows the main characteristics of the “SMART
CONNECTOR” systems. Table 50 indicates the MOPD values
that can be attained by the solenoid expansion valves
produced by Castel if coupled with the various models of the
“SMART CONNECTOR” system.

CERTIFICATIONS

All connectors and coils in this chapter comply with the
Electromagnetic Compatibility (EMC) Directive (2004/108/
EC). The connectors with 220/240 VAC voltage and the coils
with 220 VRAC and 240 VRAC voltage comply with the Low
Voltage Directive (2006/95/EC).

% 9910/RA
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TABELLA 49: General characteristics of systems SMART CONNECTOR

Catalogue Voltage Voltage Frequency Working Nominal Insulation VI Boost Time | Protection
Number V] LEIBEIES [Hz] Wil power class IEC 85 . [msec] degree
[%] power [W] |tolerance [%] min max
9910/RD1 (1) | 12VDC +/-10 - 3 +/-10 H -20 +50 130 IP65
9910/RD2 (1) | 24VDC +/-10 - 5 +/-10 H -20 +50 130 IP65
9910/RA2 24 VAC +/-10 50/60 7 +/-10 H -20 +50 200 IP65
9910/RA6 220 VAC +/-10 50/60 7 +/-10 H -20 +50 200 IP65
9910/RA7 240 VAC +/-10 50/60 7 +/-10 H -20 +50 200 IP65

(1): Warning if these connectors are supplied via unidirectional direct current or  coil. For correct operation the kits series 9910/RD MUST be powered by direct

66

rectified by means of the Graetz bridge, they could not perform a correct cycle of

operation but alOways remain in Boost conditions, leading to fast damage of the

current stabilized or rectified.

TABELLA 50: PWM expansion valves with SMART CONNECTOR: MOPD values [bar]

SMART CONNECTOR
PWM Valves Codes
9910/RD1 | 9910/RD2 | 9910/RA2 | 9910/RA6 | 9910/RA7 Codes
Refrigerants 12VDC 24\DC 24 VAC 220 VAC 240 VAC Voltage [V]
HCFC - HFC - HFO R23 HFC - HC - HFO R744 - - 50/60 50/60 50/60 Frequency [Hz]
2028/3501 2028R/3S01 | 2028N/3S01
2028/M10S01 2028R/M10S01 | 2028N/M10S01
2028/3502 2028R/3502  [2028N/3S02
2028/M10S02 | 2028R/M10S02 | 2028N/M10S02
2028/3503 2028R/3S03  [2028N/3S03
2028/M10S03 | 2028R/M10S03 | 2028N/M10S03
2028/3S04 2028R/3504  [2028N/3S04 - -
2028/M10S04 | 2028R/M10S04 | 2028N/M10S04 . . .
2028/3S05 2028R/3S05 | 2028N/3S05
2028/M10S05 | 2028R/M10S05 | 2028N/M10S05 )
2028/3506 2028R/3506  |2028N/3S06
2028/M10S06 | 2028R/M10S06 | 2028N/M10S06
2028/4S07 2028R/4S07  |2028N/4S07
2028/M12S07 2028R/M12S07 | 2028N/M12S07
2028/4S08 2028R/4S08  [2028N/4S08 % ”
2028/M12S08 | 2028R/M12S08 | 2028N/M12508
2028/4S09 2028R/4S09 | 2028N/4S09
2028/M12S09 | 2028R/M12S09 | 2028N/M12S09 2 2 . . .
2028E/3S00
2028E/M10S00
2028E/3S01
2028E/M10S01
2028E/3502
2028E/M10S02
2028E/3S03
2028E/M10S03
- - - 2028E/350 37 37 37 37 37
2028E/M10S04
2028E/3S05
2028E/M10S05
2028E/3506
2028E/M10S06
2028E/4S07
2028E/M12S07
EXPANSION VALVES

VE-ED 01/2017 - ENG




www.castel.it

Castel can accept no responsibility for any errors or changes in the catalogues, handbooks, brochures and
other printed material. Castel reserves the right to make changes and improvements to its products without
notice. All trademarks mentioned are the property of their respective owners.

The name and Castel logotype are registered trademarks of Castel Srl.

All rights reserved.

F

"

ed. 001-VE-ENG Castel Srl - Via Provinciale 2-4 - 20060 Pessano con Bornago - Ml




