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OIL MANAGEMENT CONTROLS

The function of a helical oil separator is to efficiently remove
oil from the discharge gas and return it to the compressor,
either directly or indirectly. This helps maintain the compressor
crankcase oil level and raises the efficiency of the system by
preventing excessive oil circulation.

The function of an Oil Reservoir is to provide a holding charge of oil.
The amount of oil circulating in a system varies depending on the
operating conditions and the oil reservoir caters for these fluctuations
by providing additional storage capacity.

Efficiency

To establish the oil separator efficiency when used on transcritical CO,
applications Henry Technologies commissioned independent testing. The
chart shows the resultant oil separator efficiency at capacities of 25% to
103%. Efficiency levels of up to 97% were recorded. The tests utilised a
semi-hermetic compressor with a variable speed drive motor to enable
the capacity to be adjusted.

There are many factors that affect oil separator efficiency such as;
discharge gas temperature and pressure; compressor oil carry-over and
the density of the discharge gas and oil. Consequently oil separator
efficiency varies on each system.

Separation Efficiency

Main Features
Separator/Separator-Reservoir

* High oil separation efficiency - up to 97%

* Consistent low pressure drop

* No clogging elements because of too much oil in the system

* No oil blow-out at start up from oil left in a coalescing element
* Maintenance-free

100 * Oil level sensor port
/ - -

90 — 0Oil Reservoir
= 80 — — * Two sizes available, 6.0 litres and 11.0 litres
= e (lear sight glasses
s 70 :
o * Qil level sensor port
o
£ 60
5 Materials of Construction
©
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o Technical Specification

20 35 50 65 80 95 110

Separator Load (%)

Qil Separator

Allowable operating temperature = 0°C to 4+ 140°C
Allowable operating pressure = 0 to 130 barg

0 Dimensions (mm M : :

Part No Co(?:(z;ze oA B c D : gE) F G H detailsa rr;ferenc’e Pr::;l ?I;ge CE Cat
STH-5193 1/2 NPT 168.3 638 191 202 231 202 N/A 45 3 x 14mm slots fig.1 0.6 Cat lll
STH-5196 3/4 NPT 168.3 697 191 261 231 261 N/A 45 3 x 14mm slots fig.1 0.6 Cat Il
STH-5198 1 NPT 168.3 747 191 261 231 261 N/A 45 3 x 14mm slots fig.1 0.6 Cat Il

Qil Separator-Reservoir

- Dimensions (mm)
Conn Size g D g .
Part No (Inch) oA B c D I3 3 G H details reference Capacity () | CE Cat
STH-5398 1 NPT 168.3 992 191 261 231 2 265 45 3 x 14mm slots fig.2 6.7% Cat lll
*Indicates reservoir capacity

Visit our website: www.henrytech.co.uk
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Qil Reservoir
i Dimensions (mm) . .
Conn Size Mounting Drawing 5
Part No (Inch) oA B c D oE 3 G H details reference Capacity () | CE Cat
STH-9109 3/8 NPT 168.3 623 199 240 231 209 120 120 3 x 14mm slots fig.3 6.0% Catlll
STH-9108 3/8 NPT 168.3 930 199 547 231 209 269 278 3 x 14mm slots fig.3 11.0% Catlll
*Indicates reservoir capacity

Fig.1 Fig.2 Fig.3

0 Inlet 0 Inlet
@ outlet @ outlet

e Oil return, 3/8 NPT e Level control conn, 1/2 NPT
0 Sight glass e Charging conn, 1/4 NPT
© rort, 3/8 NPT @ Vent valve conn, 1/4 NPT
G Level control conn, 1/2 NPT e Relief valve conn, 1/2 NPT

0 Sight glass (centre sight glass on STH-9108 only)

Performance Data

This table provides a summary of the kW capacity of each separator for fixed evaporating and condensing temperatures. The table can be used as a quick
reference guide. However, the Selection Guidelines are recommended for helical separator sizing.

Separator performance data

Capacity in kW of refrigeration at | evap I ure (°C)
Part No Vol discharge (m?/h)
-30 -20 -10 0 10 15
STH-5193 14 15.3 16.6 1L 19.1 19.7 2.6
STH-5196 36.6 39.9 43.4 46.7 49.9 51.4 6.8
STH-5198 54.9 59.9 65.1 70.1 74.9 7780 10.2
All data is based on 90 bar high pressure, 35°C gas cooler, 8K suction gas superheat and 5K useful superheat

Separator-Reservoir performance data

Capacity in kW of refrigeration at inal evap perature (°C)
Part No Vol discharge (m?/h)
-30 -20 -10 0 10 15
STH-5398 54.9 59.9 65.1 70.1 74.9 771 10.2
All data is based on 90 bar high pressure, 35°C gas cooler, 8K suction gas superheat and 5K useful superheat

Visit our website: www.henrytech.co.uk
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Selection Guidelines

The most important parameter for selection is the discharge volumetric
flow rate, expressed in m3/hr. This is the calculated volume flow rate at
entry to the oil separator. It is not to be confused with the compressor

displacement or swept volume.

To calculate the discharge volumetric flow rate, the maximum and
minimum system mass flow rates are required along with the density of
the gas at the inlet to the separator.

These mass flow rates can either be calculated from first principles or
by using refrigeration cycle analysis software. In this way, superheating
(useful and un-useful) can be accounted for in the mass flow rate
calculation.

The gas density at inlet to the separator is a function of both pressure

and temperature. The inlet gas temperature is dictated by a number of
system design factors including compressor performance. The gas will
be in a superheated state.

Example:-

Refrigerant CO, (R744)

Maximum refrigeration capacity = 42 kW
Minimum refrigeration capacity = 26 kW
Evaporating temperature = -10 °C

Gas cooler outlet = 35 °C

High pressure = 90barg (a)

Suction gas superheat = 5K

Useful superheat = 5K

From analysis software:-
Maximum mass flow rate = 1052 kg/hr
Minimum mass flow rate = 651 kg/hr

Gas density, superheated, at inlet to separator = 162 kg/m3

Note: Mass flow rate = [(kW refrigeration/ refrigerating effect) x 3600]

Use the equation:-

Mass flow rate

Discharge volume flow rate = ———>—~— <=
g Gas density

Hence for this example:-

Calculated maximum discharge volume flow rate = 1052 _ 6.5 m3jhr

651

o 3
162 4.0 m3/hr

Calculated minimum discharge volume flow rate =

Using these m3/hr figures, the recommended helical separator selection
is model STH-5196 (reference additional note 3 for guidance on minimal
under-sizing).

Additional notes on selection:-

1. Itis recommended that the separator is not operated below 25%
of its rated maximum capacity. This is to optimise efficiency. On
systems with extreme unloading conditions, one separator per
compressor should be used rather than one separator for a common
discharge line.

2. Understanding the system refrigeration capacity and the percentage
of full and low load run times can also be helpful in selecting the
separator.

3. In cases where the maximum discharge has been exceeded by only a
minimal amount and the system has unloading characteristics, select
the smaller separator. It is not recommended to oversize.

Installation — Main Issues

1. Oil separators are not 100% efficient, so installing an oil separator
should not be viewed as a replacement for oil traps, suction line
accumulators or good oil return piping practices.

2. Aninitial oil pre-charge of 0.6l is required.

3. Install the oil separator/separator-reservoir vertically and reasonably
close to the compressor. Proper piping practice should be adopted
to prevent excessive loads or vibration at the inlet and outlet
connections. The separator/separator-reservoir must be properly
supported at the bottom mounting feet interface.

4. A check valve should be located downstream of the separator/
separator-reservoir outlet connection. This check valve is to prevent
liquid refrigerant migrating from the condenser/gas cooler.

Visit our website: www.henrytech.co.uk
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PRESSURE RELIEF VALVES

COMPLIANT
The function of a Pressure Relief Valve is to protect against
over-pressure. For safety reasons, excessive over-pressure in
any part of a refrigeration system must be avoided.
The 5701AX pressure relief valve is specifically designed for high
pressure applications from 46 bar up to 130 bar and in particular,
transcritical CO, systems. The valves are manufactured from Brass.
Main Features
* Maximum pressure setting of 130 bar
* In accordance with EN ISO 4126, the valve reseats within 15% of
set pressure following a discharge
* High flow capacity
* Fluoroelastomer soft seat material provides excellent sealing
characteristics
* Allowable operating temperature = -40°C to 4-120°C
o Suitable for HFC, HCFC and CO; refrigerant gases
Standard pressure settings (barg): 46, 60, 80, 100, 120, 130
49
N
N 0 Inlet
N © outlet
132 A
N
N
|
k.
NZ | /
/
2
/
R 1
|
— ! —-—— @7 1
Valve Capacity Ratings (kg Air/min) @ 20°C
Standard Pressure Setting
Part No.
46.0 60.0 80.0 100.0 120.0 130.0
5701AX 20.4 26.6 355 44.4 53.2 57.7
High Pressure Angle Relief Valve - Brass
Conn Size (inch) Flow Area (mm?) Ky Weight (kg) CE Cat
Part No.
Inlet Outlet
5701AX 1/2 NPTF 3/4 NPTF 39.59 0.71 0.82 Cat IV

Note: High pressure rupture disc (with pressure settings up to 130 barg) available on request.

Visit our website: www.henrytech.co.uk
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Selection Guidelines

For safety reasons, relief valve selection should only be carried out by
suitably qualified engineers.

Henry Technologies pressure relief valves are designed to discharge
refrigerant vapour and are not recommended for liquid use.

The European Standards EN378 (reference 1) and EN13136 (reference 2)
are recommended for PRV selection.

Example
A liquid receiver is to be protected from over-pressure due to fire.

Receiver dimensions = 2.016m long (L) x 0.841m outside diameter (D)
Refrigerant = R744 (C0,)
Pressure Setting = 60.0 barg

de —  3600x @ x Asurf
hvap

Qng = Minimum required discharge capacity, of refrigerant, of the
pressure relief valve (kg/hour)

¢= Density of heat flow rate (kW/m?). The standards assume a

value to 10 kW/m? but state that a higher value can be used if
necessary. This figure relates to an un-lagged vessel.

Asurf = External surface area of the vessel (m?)

hvap =  Heat of vaporisation calculated at 1.1 times the set pressure,
in bar a, of the pressure relief valve (kl/kg)

Note:
When the relief valve setting is close to the critical pressure of the
refrigerant, this sizing method may not be applicable.

Asurf:(nxDxL)+2 szi

4

Asurf = (1t x0.841 x2.016) + 2 (0.841Z x| = 6.44m?
4

Calculate the heat of vaporisation, hvap, taken at 1.1 times set pressure:

Po = (Psetx 1.1) + Patmos = (60.0x1.1) +1.013=67.01 bara

From refrigerant property tables, use saturated vapour and liquid
enthalpies at Po.

Vapour = 388.51 ki/kg
Liquid = 283.24 kl/kg
hvap=388.51-283.24 = 105.27 kl/kg

The minimum required discharge rate of R744 can now be calculated for
this vessel and set pressure:

Qo= 3600x@x Asut — 3600x10x 644 _ 207 3 kgyhr, R744
hap 105.27 o

For relief valve discharge capacity, Qy,:

Qm = 0.2883 x Cx Ax Kdrx Kbx‘/Pi—0
Vo

The information contained in this brochure is correct at the time of publication.

Q,, = Discharge capacity, of refrigerant, of the pressure relief valve (kg/hr)
= Function of the isentropic exponent

A = Flow area of PRV (mm?)

Kar = De-rated coefficient of discharge of PRV

Ko = Theoretical capacity correction factor for sub-critical flow.
A value of 1 is used for critical flow.

Po = Actual relieving pressure of PRV (bar a)

Vo = Specific volume of saturated vapour at Po (m*/kg)

Refrigerant data should be referenced for values of C and Vo.

The objective is to select a PRV which results in Q., > Q4. In this way,

the relieving capacity of the PRV is greater than required thus avoiding
excessive vessel pressure.

For this example, a 5701AX has been selected:

A = 39.59 mm?
Kar = 0.71
0, =0.2883x 2.63x 39.59 0.71x 1 x %8318 = 2,830.2 kg/hr, R744

Q> Qg therefore the 5701AX would be suitable for this system.

Important selection notes:

1. Itis important not to grossly over-size a PRV so that Q,, is many times
greater than Q,,,4 as the performance of the PRV can be affected.
Contact Henry Technologies for further guidance.

2. Henry Technologies recommends inlet and outlet piping for all PRVs
are sized in accordance with EN13136 (reference 2) to avoid excessive
pressure losses which can affect valve performance.

3. If a Henry Technologies rupture disc is used in conjunction with a Henry
Technologies PRV, the PRV capacity should be de-rated by 10%. In the
above example, the PRV capacity would be de-rated to 2,547.2 kg/hr
(2,830.2x0.9).

References:
1. BS EN 378-2:2008+A2:2012* 2. BSEN 13136:2001*

*Latest revisions at the time of publication. The user should ensure the latest revisions are referenced.

Installation — Main issues

1. Connect the relief valve at a location above the liquid refrigerant level,
in the vapour space. Stop valves should not be located between the
vessel and the relief valve except the three-way type.

2. Do not discharge the relief valve prior to installation or when pressure
testing the system.

3. Pressure relief valves should be mounted vertically.

4. Relief valves should be changed out after discharge. Most systems are
subject to accumulations of debris and particles of metal and dirt are
generally blown onto relief valve seats during discharge. This can inhibit
the relief valve from re-sealing at the original set pressure. A valve can
also relieve at a lower pressure than the stamped setting due to the
force of the re-closing action.

5. The pipe-work must not impose loads on the relief valve. Loads can
occur due to misalignment, thermal expansion, discharge gas thrust, etc.

6. Transcritical CO, systems should generally be sized with the shortest
length and largest bore outlet pipe work practical to avoid solids
forming downstream of the PRV during a discharge.

Henry Technologies

Henry Technologies has a policy of continuous product development; we therefore reserve the right to change technical 76 Mossland Road | Hillington Park

specifications without prior notice.

Extensive changes within our industry have seen products of Henry Technologies being used in a variety of new applications.

Glasgow | G52 4XZ | Scotland | UK

We have a policy, where possible, to offer research and development assistance to our clients. We readily submit our products Tel. +44 141 882 4621

for assessment at the development stage, to enable our clients to ascertain product suitability for a given design application. Fax. +44 141 810 9199

It remains the responsibility of the system designer to ensure all products used in the system are suitable for the application. enquiries@henrytech.co.uk @

For details of our warranty cover, please refer to our standard terms and conditions of sale. Copies are available on request. www.henrytech.co.uk | (= |

Date of publication:- April 2013
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