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Definition of Automation

The use of sensors, actuators, and other 

equipment to achieve a safe level of 

performance from a system or subsystem 

without the aid of human interaction. –

ASHRAE Standard 15-2013

Observation

 Practically impossible to load unload, start stop compressor manually 
depending on load variation.

 Operator  frequently throttle valves installed at  liquid Header                                         
( going to cold room ) from plant  room to avoid liquid stroke to 
compressor.

 Manually Difficult, every hour to measure and log each room 
temperature.

 Manually Difficult to close / open  each cold room liquid header isolation 
valve when room temperature is achieved and to reduce load on 
compressor. 

 Measuring and recording energy 

Why Automation ?

Human errors and inefficiency

a. Operating plant at designed conditions

b. Safety

c. Energy efficiency

d. Parameters recording 

Why Automation ?

kv Factor

What? 

The kv - factor for a given valve is a constant which in a 

simple way states the valve capacity. The k v - factor is 

determined by the valve manufacturer by experiments. 

“The kv value is the flow of water in m3 /hr at a pressure drop 

across valve of 1 bar, ρ = 1000kg/m3”

Why? 

The kv - factor is an exact and easily applicable value for use 

when calculating pressure drops, sizing, and ordering 

valves. 
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Use Kv Factor

Q    flow in m3/hr

𝛥p   pressure drop across the valve in bar

ρ   density of fluid in kg/m3

Kv flow factor of Valve in m3/hr

Q= Kv p√Δ / ρ  Refrigerant used :  Ammonia, 

 Type of system i. Gravity feed ii. DX or iii. Pump 
Recirculation 

 Circulation ratio in case of Pump recirculation system

 Evaporating temperature or pressure

 Refrigerant liquid inlet temperature or pressure

 Refrigeration capacity of evaporator

 Condensing temperature or pressure

 Location of the valve i.e. wet suction, dry suction, 
liquid, discharge, hot gas, condensate return etc.   

 Line Size    

Various Controls for Refrigeration
 Liquid Level Controllers, Level Transmitters & Float 

Switches

 Solenoid Valves, Gas Operated Solenoid Valves Single 
and Two Stage

 Safety Controls Safety valves, Dual Manifold for 
Safety Valves,  Dead Man’s Valve

 Automatic Air Purger,  Ammonia Purifier

 In Line components Non Return valves, Strainers, 

 Controls Valves Flow Regulating Valves, Over Flow 
Valves, Pressure & Temperature Regulating Valves, 
Crank case Pressure Regulators 

Various Controls for Refrigeration
 Compressor Capacity Controllers, PLCs for Piston 

and Screw Compressors

 Data Loggers, Temperature, Pressure, Humidity and 
Gas Indicators / Indicating controllers

 Alarm Annunciators,  Defrost Controllers, Ice 
thickness Controllers

 Ammonia Leak Detectors

 Sensors & Transmitter for temperature, pressure, 
humidity, CO2, ethylene,  Oxygen etc.

 Web-base Monitoring & Control Systems

 Mobile Applications to Monitor plant

Which Parameters ?  Why ?

Level : Safety & Efficiency 

Temperature  : Product storage life

Pressure : Efficiency

Carbon Dioxide CO2 : Product storage life

Relative Humidity : Weight Loss

PT 100 SIMPLEX PT 100 DUPLEX

PT 100 WITH THERMO WELL

PEN TYPE SENSOR 

FREE AIR

FLAME PROOF ENCLOSURE
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 Liquid Level Controllers along with Solenoid Valve 
maintains evaporator  flooded

 Prevents Liquid Stroke to the compressor

 Appropriate flooding of evaporator

 Better  heat transfer efficiency of the evaporator

 Less wear & tear of compressor

 Running hours of compressor are reduced

 This all generates energy saving 

 Bar graph display continuously display the rising & 
falling of liquid level inside the float chamber
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 An electro -mechanical float switch

 Adjustable liquid level differential switch point 

 The complete switch box can easily be replaced without any 

interference with the refrigeration system.

Type Solenoid Valves

 Direct Acting

 Pilot Operating 

Piston Type  

Diaphragm Type
.
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 Strainer are with interchangeable filter insert 

 Suitable for all common nonflammable refrigerants, including R 717

 Pleated filter net of stainless steel with a very large net surface ensures 

long  intervals between cleaning and low-pressure loss.

 Retains contaminants, e.g. slag, and weld beads and swart.

 Pressure drop insignificant.

 Filter insert Stainless steel weave, mesh size

Selection of Strainer

1. Line Size by flow Rate

2. Mesh Size

Flow Rate

The kv value is the flow of water in m3/h at a pressure drop in the strainer of 

1 bar, p=1000kg/m3.  

What is mesh ?

Mesh is the number of threads per inch.

µ[microns] is the distance between two threads (1µ = 1/1000 mm)

LIQUID LINES:

Before pumps: 500µ [38 mesh]

After pumps : 150µ [100 mesh) / 250µ [72 mesh]

Protection of automatic regulation equipment

Generally: 150µ [100 mesh) / 250µ [72 mesh] 

Sensitive equipment, e.g.

Suction regulators with low temperature : 250µ[72 mesh]

Suction Lines

Before screw compressor 250µ [72 mesh] 

Before piston compressor:150µ [100 mesh]
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 Pilot operated main valve

 Screwed-in pilot valves or pilot 

valves mounted in an external pilot 

line.

 Two Variants 

One screwed-in pilot valve

Three screwed-in pilot valves

 Used in refrigeration plant with

Dry evaporation

Pump circulation

Natural circulation

• Electric controlled changeover between two pressure or temperature 

settings

• Minimum pressure or temperature settings

• Maximum pressure limitation or relief

• Pilot valves can be mounted in external lines by using the pilot valve 

housing type SCVH. 

• Opening without pressure drop in suction lines (with external pilot 

pressure)

• Pneumatically controlled reference change

In 3 Pilot port module valve  

pressure and temperature 

regulation can be combined with

• Electric controlled forced closing 

(override)

• Electric controlled forced 

opening (override)

• Electric controlled forced closing 

and opening (override)

Pressure controlled pilot valve low pressure from vacuum (-0.6 bar) up to 7 bar
High pressure from 4 to 28 bar

 Differential pressure control

Solenoid pilot valve normally closed and normally open

 Out Let Pressure Regulator

 Crank case Pressure regulation

The pilot valves can perform the following functions:

 Constant pressure regulation

 Capacity regulation

 Crank case pressure regulation
 Refrigerant pressure regulation

 Normally Open / Normally Close Solenoid

 2-step servo-controlled main 

valves with screwed-on pilot 

solenoid valves.

 Uses an external pressure 

source

 No differential pressure 

across the valve is required

 Replaces SPML with bypass 

solenoid valve, 2

signals and one timer

 Screw thread pilot valve 

fittingTwo steps Operation

Step one opens to 10% of the capacity, 

Step two opens  automatically after the pressure differential across the 

valve reaches approximately 1.5 bar.

 Only one signal required for both pilot solenoid valves

 Provides safety against pressure "shocks" as the valve can only open fully when 

D p < 1.5 bar
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 Ensures correct direction of flow.

 Fitted with damping piston that makes the valves 

suitable for installation in lines where pulsation can 

occur, e.g. in the discharge line from the 

compressor.

 Teflon tightening ring on valve cone ensures 

perfect sealing

 Minimal Pressure Drop

Range 20 NB to 100 NB

No. Parts

1 Housing

2 Flanges

3 Valve 
Cone

5 Spring

9 Bolts

10 Nut

11 Gasket

12 Valve Seat

Automatic Flow Regulator, once set, 

maintains a constant flow rate of liquid 

to the evaporator. 

It also serves as a check valve to 

prevent back flow into the liquid line 

from the evaporator during pressure 

reversals which occur during hot gas 

defrost.

• OFV is angle-way over flow valve, which 

have adjustable opening pressure 

• Cover the differential pressure range 

(∆P): 2 - 8 bar (29 - 116 psi).

• The valve can be closed manually, e.g. 

during plant service and have back 

seating, enabling the spindle seal to be 

replaced with the valve still under pressure.

• The OFV valve is back pressure 

dependent
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 Single Safety Valve

 Dual Manifold for Safety Valve

 Various Sizes of Safety valves

Single Safety Valve or Dual Manifold ?

 Single Pressure Relief Valve for Vessel of internal gross volume 

more than 3 cu. ft or less than 10 cu. Ft

 Dual Manifold for all pressure vessels with  internal gross volume 

more than 10 cu. Ft. 

The minimum required rated discharge capacity for a vessel shall 

be: 

C = F x D x L
C = Discharge capacity of the relief device

D = Outside diameter of the vessel

L = Outside length of the vessel

Refrigerant Value of F

R-717 0.5 [0.041]

R-22, R-134a,R-401A, R-407c 1.6 [0.131]

R-404a, R-410a, R-502, R-507a 2.5 [0.203]

See Table 2/ASHRAE 15.

When combustible materials are used within 20 ft (6.1m) of a pressure 

vessel, multiply the value of F by 2.5.

where

C = required discharge capacity , lb(air)/min [kg/s]

D = OD of vessel, ft [m]

L = length of vessel, ft [m]

A = Overall external surface, ft2 [m2]

Ammonia Pressure Vessel IP SI

General C = 0.5DL C = 0.04DL

If combustible materials are
used within 20 ft (6.1 m)

C = 1.25DL C = 0.1DL

For plate heat exchanger or
double-pipe condenser

C = 0.5(A/2) C = 0.04(A/2)

1. Select a relief valve for an ammonia vessel 6 feet 

diameter by 16 feet long.

C = f D L = 0.5 x 6 x 16 = 48 lb-air/min

2. Select the desired pressure setting of 225 psig.

3. Refer to the capacity table / Use Discharge 

Capacity Graph Provided by Manufacturer.

4.  select model.
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HOUSING 

SPINDLE / CONE

SPRING

WEAR RING

O RING

BONNET

Dead man’s valve

Limits of Toxicity of Ammonia

Minimum Detectable Concentration      10 ppmv

TWA Value 30 ppmv

Serious Irritation Level 250 ppmv

Limit to Tolerable Breathing 500 ppmv

Ammonia Leak Detector Setting

Alarm

Setting PPM

Manned Area
Unmanned 

Area

First 50 30

Second 150 70

Third 250 100

Location of Ammonia Sensors 

• The Gas Detectors must be installed at High Level 

• At least 1 detector at ceiling level on a grid of 10m to 20m 

intervals

• Above or to both sides of compressors

• Above Pressure vessels like H P / LP receivers

• Emergency power supply, e.g. battery or UPS for the 

detection system 
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DATA LOGGER
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 The COLD ROOM ALARM kit allows a person trapped in inside the cold 

room to activate an acoustic-luminous alarm installed outside the

room and so call for help. 

 The system will work even in the event of a temporary power cut thanks to 

the buffer battery on the external unit.

 The Cold Room Alarm Unit is available in 3 different models 4, 8 or 16 

Input. 

 The 4 input unit can be used for 4 cold rooms.

 Automatically controlling the 

thickness of ice around the chilling 

tubes in ice bank systems.

 When the ice has formed around 

the

chilling tube to the required thickness 

it automatically cuts off the electric 

supply to the compressor or 

refrigerant supply to

ice bank coils. 

 The compressor is automatically 

cut-in at a certain amount (6mm) of 

melt down of ice. 

 The electronic controller along with 

a sensor probe assembly forms the

complete unit.

Example

Anhydrous Ammonia Gas will change phase 

from gas to liquid if heat is removed at 

temperature 35°C and pressure 13.5 kg/cm2

At same pressure any Nitrogen present 

would have be cooled to -164°C to liquefy.

Hence any nitrogen present in always remain 

in gaseous state 

VARIOUS WAYS IN WHICH NON-CONDENSABLES 

ENTER THE SYSTEM:

1. The refrigerant, when delivered, may contain non-

condensable gases upto 15%.

2. Inadequate evacuation before commissioning the 

refrigeration plant 

3. For service and maintenance certain parts of the 

refrigeration plant are frequently opened, causing air to 

penetrate into the system. 

4. Oil changing and recharging with refrigerant have the 

same effect.
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VARIOUS WAYS IN WHICH NON-CONDENSABLES 

ENTER THE SYSTEM:

5. Leakage: Systems operating with suction pressure below 

atmospheric pressure (i.e., working temperatures below -

33°C for ammonia system) can have small leaks (from 

system piping, valves, vessels valve stem packing, bonnet 

gaskets, compressor shaft seals, non-welded 

connections, and control transducers etc.) allowing air to 

penetrate into the system. 

6. Decomposition of the refrigerant or the lubricating oil can 

occur due to catalytic action of the various metals in the 

installation and due to high discharge temperatures. 

Ammonia for instance decomposes into Nitrogen and 

Hydrogen.

Pactual = Prefrigerant + Pnoncond

When to Purge ?
If P > Pt

Where, 

P is actual Pressure in receiver 

Pt is saturation pressure corresponding to temperature t 
 Increases electrical power demand

 Decreases Refrigeration system capacity

 Decreases system efficiency

 Excess head pressure puts more strain on bearing and drive 

motors. Belt life is shortened and gasket seals are ruptured.

 Increased pressure leads to increased temperature, which shortens 

the life of compressor valves and promotes the breakdown of 

lubricating oil.

 Increases condenser scaling which increases maintenance cost and 

reduces life of condenser

 Increase in discharge temperature leads to “Ammonia explosions” 

and it breaks down into Nitrogen and Hydrogen. Which means further 

addition to non-condensable gases.

% of Air by 
weight

0.5 1.0 2.0 4.0

Air Pressure in 
PSI

0.7 1.3 2.7 5.5

Power % 0.6 1.2 2.5 5

for -15°C Evaporating and 30°C Condensing Ref. IIAR Paper TP-22
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Plan Condition :

Evaporation Pressure for -40°C, 

Condensing Pressure for 38°C, 13.7 kg/cm2

Refrigeration Capacity 500kW

Power required by compressor 281kW*

If our actual pressure is 0.5 Kg/cm2 higher i.e. 14.2 kg/cm2

Then power required would be 285kW

The 4 kW per hour for 6000 hours of operation is 24000kW

If Electricity Cost is Rs. 8/- per kW

The total increase in electricity bill is Rs. 1,92,000/-

Advantages Disadvantages

Safety: Automatic Purgers
eliminate the need for 
refrigeration staff to manually 
“open the system” on frequent 
basis

Capital cost: The cost is high 
because of purger unit, piping, 
solenoid valves and other 
controls

Effectiveness: A properly 
installed and operated 
multipoint purger can 
continually function to 
scavenge and remove NCG
from System

Maintenance Cost: For the 
purger unit, accompanying 
solenoid valves  and transducers 
required for purge control

Labour: Eliminates the labour
associated with personnel 
regularly removing NCG by 
manual operation

• Purge point connections must be at places where air will collect.

• Refrigerant gas enters a condenser at high velocity. By the time the gas reaches the far 

(and cool) end of the condenser, its velocity is practically zero. 

• This is where the air accumulates and where the purge point connection should be made. 

• Similarly, the purge point connection at the receiver should be made at a point furthest 

from the liquid inlet.

Fig. 1.(left) High velocity of entering

refrigerant gas prevents any significant air

accumulation upstream from point X. High

velocity past point X is impossible because

receiver pressure is substantially the same

as pressure at point X. Purge from point X.

Do not try to purge from point Y at the top

of the oil separator because no air can

accumulate here when the compressor is

running.

Evaporative Condenser

Video0011.mp4
Video0011.mp4
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Purge Connection 
for Receiver

Fig. 5. Purge from Point X farthest away

from liquid inlet. “Cloud” of pure gas at inlet

will keep air away from point Y.

Water Contamination is very Commonly 
observed due to Solubility of Ammonia 
in Water

 Ammonia and water have a great affinity for each other. 

 For example, at atmospheric pressure and a temperature 
of 30°C., a saturated solution of ammonia and water will 
contain approximately 30 percent ammonia by weight. As 
the temperature of the solution is lowered, the ability to 
absorb ammonia increases. 

 At 0° C. the wt. percentage increases to 46.5 percent;

 At -33°C. the percentage increases to 100 percent 
ammonia by wt.

% Dilution
Saturated Suction Temperature at 

-0.3 Kg/ 
cm2 g

0 Kg/ cm2 g
2.0 Kg/ cm2 

g

0 -40.2°C -33.3°C -8.9°C

10 -38.6°C -31.6°C -7°C

20 -36.4°C -28.9°C -3.9°C

30 -32.2°C -24.4°C 2.3°C

Two Sources of Water contamination 

1. The contamination sources in the 
construction and initial start up 
phase 

2.    The contamination sources after 
the system has been put into 
normal operation.
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Contamination During construction and at initial start 
up
 Water remaining in new vessels, which are not 

properly drained after Hydro pressure test.
 During construction, water may enter through open 

piping or weld joints, which are only tacked in place 
when either are exposed to the elements.

 Condensation, which may occur in the piping during 
construction.

 Condensation, which may occur when air has been 
used as the medium for the final system pressure 
testing.

 Water, which remains in the system as a result of 
inadequate evacuation procedures on start up.

 The use of non-anhydrous ammonia when charging 
the system.

Contamination after the system has been put into 
normal operation
 Rupture of tubes on the low-pressure side of the 

system, especially in Shell & Tube Heat 
Exchangers such as chillers or oil coolers

 Improper procedures, when draining oil or 
refrigerant from vessels or pipes in vacuum 
range into water filled containers.

 In systems, which are operating below 
atmospheric pressure or which are making pump 
down so the pressure goes into a vacuum range: 
Leaks in valve stem packing, flexible hoses, 
screwed and flanged piping joints, threaded and 
cutting ring connections, pump and compressor 
seals, and leaks in the coils of evaporator units.

Contamination after the system has been put 
into normal operation

 Improper procedures when evacuating the 
system or parts of the system, while service 
and maintenance work is carried out.

 Complex chemical reactions in the system 
between the ammonia, oxygen, water, oils 
and sludge’s can create more “free” water in 
the system.

 Lack of adequate or no purging 

Contamination after the system has been put into 
normal operation
 Lack of adequate or no purging 

Example
Air Purger in a plant removes 5 Ltr of air per 
min
The ambient temperature is 35°C, with 75% RH
Hence water contain is 25 g/kg 
5 Ltr x 1/1000 ltr X 25.5 g X 60 min = 7.65 
grams of Water per hour
That is 45.9 Ltr per year considering 6000 hrs
per year plant operation
In 10 years we will have 459 Ltrs of water in 
our plant

 Water contamination lowers system efficiency

 Increases the electrical costs

 In addition, water also causes corrosion in the refrigerant 
cycle and

 accelerates the aging process in oil

 Increased wear and more frequent oil changes generate 
lower plant availability and increase service costs.

 Recirculation Sysetms :Pump receiver ( LPR)

 Flooded systems: evaporator and surge drum. 

 DX systems suction accumulator.

 Two-stage systems vessels and evaporators of 

the low stage portion of the system.
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Reasons :

 Large difference in Vapour Pressure between water and 

ammonia. 

 For example, at 2°C, the vapor pressure of ammonia is 3.6 

Kg/cm2 as compared to 0.007 Kg/cm2 for water. 

 Since the liquid with the higher vapor pressure will evaporate in 

greater proportion than the liquid with the lower vapor 

pressure, a residue is left containing more and more of the 

lower vapor pressure liquid if infiltration is not corrected.
HEV

SOLENOID 
VALVE

LIQUID LEVEL

LIQUID FROM 
HP LIQUID 

WATER AND

CONTAMINANTS OUT

LIQUID LINE FROM 

PURE AMMONIA
TO SUCTION /
 ACCUMULATOR

                         CONTROLLER

SUPPLY TO SYSTEM
HP RECEIVER

L P ACCUMULATOR

S

BYPASS SAFETY 
RELIEF VALVE

DEAD MAN’S DRAIN VALVE


