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Why Plant Safety Matters ?

ANMONIA REFRIGERATION

ver 25 workers fal il after

Ammonia gas leak at Andhra Pradesh
hrimp unit leaves 11 workers ill

L M/S. ST.PETER & PAUL
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Why Plant Safety Matters ? um

* Protects Human Life
« Prevents exposure to toxic ammonia leaks
« Ensures safe working conditions for plant personnel
« Prevents Major Accidents
* Minimizes risk of leaks, overpressure, and equipment failure
» Reduces chances of fire, explosion (under specific conditions), and
emergency shutdowns
» Ensures Continuous Production
« Prevents unplanned plant shutdowns
« Protects production schedules and customer commitments
* Protects Product Quality
* Maintains uninterrupted refrigeration
« Prevents spoilage of food, dairy, seafood, pharmaceuticals, and
other temperature-sensitive products
« Improves Energy Efficiency
* Removes non-condensable gases to reduce condensing pressure
« Eliminates moisture to improve heat transfer and system
performance
__Reduces compressor power consumption

Why Plant Safety Matters ?

ANMONIA REFRIGERATION

Extends Equipment Life
* Prevents corrosion and moisture-related damage
* Reduces wear on compressors, valves, and heat exchangers
« Lowers maintenance costs
Protects the Environment
* Prevents ammonia releases
« Supports sustainable operation with a natural refrigerant (Zero ODP &
Zero GWP)
Ensures Regulatory Compliance
* Meets safety standards and statutory requirements
* Reduces legal and insurance risks
Enhances Plant Reliability
« Early detection of abnormal operating conditions
« Reduces unexpected equipment failures
Improves Business Performance
« Lower operating costs
« Higher plant uptime
« Better return on investment (ROI)
eased customer confidence

Refrigerant Grade Anhydrous
Ammonia Specifications-AAR-01

ANMONIA REFRIGERATION

Purity Requirements

Ammonia Content 99.95%Min.

Non-Basic Gas in Vapor Phase 25PPM Max.
Non-Basic Gas in Liquid Phase 10 PPM Max.
Water 33 PPM Max.
Oil (as soluble in petroleum ether) 2 PPM Max.
Salt (calculated as NaCl) None

Pyridine, Hydrogen Sulfide, Naphthalene None
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Closed-Circuit Ammonia
Refrigeration System — Code of
Practice for Design and Installation
(ANSI/IAR 2 : 2014, NEQ)

= H
— Standards —
TABLE AMMONIA (R-717) PROPERTIES OF SATURATED LIQUID AND SATURATED VAPOR *
°C Barg PSig °Cc Barg PSig _
= g e 5 g el AAR Standard AARO1-2016
-40 028 -4.03 4 3.97 56.53
-38 -0.20 -2.89 6 435 61.80
-36 -0.12 -1.64 8 474 67.38
34 -0.02 0.29 10 5.15 73.26 BIS Standard 1773-2022
3333 0.01 0.19 12 5.59 79.46
-32 0.08 147 14 6.05 86.00
0 019 27 i 65 028 ASHRAE Standard 15 -2013
28 032 448 18 7.04 100.12
26 0.45 6.34 20 757 107.74
24 0.59 8.34 22 8.14 115.73
22 074 10.50 24 8.73 12412 IIAR Standard 2A-2022
20 0.90 12.81 26 9.35 132,92
-18 1.08 15.30 28 9.99 14213
-6 1.26 17.96 30 10.67 151.79 ISO 5149-1993
14 1.46 20.82 32 11.38 161.89
-2 1.68 23.87 34 12.12 172.44
-10 1.91 27.13 36 12.90 183.48
8 215 30.60 38 13.71 19499 EN/BS 378
6 2.41 3430 40 14.55 207.01
-4 2.69 38.23 42 15.44 21954 . X .
2 2% w24 44 16.35 23259 Plant safety begins with compliance.
0 329 46.85 46 17.31 24621
48 18.31 260.36
b = Normal boiling point g = Gauge pressure
* ASHRAE Fundamentals 2013, page 30.39 0 1934 27508
8
PLANT SAFETY DEVICES >

% Pressure Switches

% Flow Switches

+ Safety Valves & Dual Manifolds (T valves)
“» Ammonia Leak Detection System

% Dead Man’s Valve

“ Level Gauges

% Level Switches

< Air Purger

< Ammonia Dehydrator

Ultimate Solution

N
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LOW PRESSURE SWITCHES  __ D

ELECTRICAL

MASHET CONNECTIONS

SPRING CAP

HIGH PRESSURE SWITCHES

D

_ELECTRICAL
CONNECTIONS
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DIFFERENTIAL OIL PRESSURE SWITCHES;;

Typical panel with gauges
& switches

Typical panel with gauges
& switches

15

Flow Switches

I

Action on hcrease
of Flow

Safety Valves, Dual Manifold &
Safety valve Indicator

WSRY 20 25 WITH
CONNECTOR & FLANGES

-2 i Q@

MOM2 WITH FLANGES

17

Safety Valve & Dual Manifolds

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.
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Dual Manifold/T Valve

Dsva

OUTLET OUTLET
CLOSED

INI FT

D
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SAFETY VALVE OPERATION

. Packing Washer

— Plug
— Valve Top P+10% oo
——— Spring Opening pressure >

Set pressure p

—— Valve Spindle v
i pressure
Marking Label PAv /ISR S —
" S
Packing Washer Working pressure
- Valve Cone
- Valve Cone Seal
0 100%

Valve Seat

~ " Packing Washer

———Housing
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SIZING OF SAFETY VALVE

The minimum required rated discharge capacity for a vessel shall
be:
C=FxDxL
C = Discharge capacity of the relief device
D = Outside diameter of the vessel
L = Outside length of the vessel

Refrige
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
multiply the value of F by 2.5.

ANMONIA REFRIGERATION

SIZING OF SAFETY VALVE D

ANMONIA REFRIGERATION

General C =0.5DL C = 0.04DL
If combustible materials are C=1.25DL C=0.1DL
used within 20 ft (6.1 m)

For plate heat exchanger or C=0.5(A/2) C=0.04A/2)

double-pipe condenser

The minimum required rated discharge capacity for a vessel shall be:
C=FxDx

where

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

D = OD of vessel, ft [m]

L = length of vessel, ft [m]

A= Overall external surface, ft2 [m2]

SIZING EXAMPLE I SIZING EXAMPLE LD
P Capasity "
T —— e ——
Satpssus’ Jam [ R | e | maoen | meon | e | Areco) | Aro) |
Select a relief valve for an ammonia vessel 6 feet diameter by 16 feet long. Ty ame \ WO W E %
P B o o = lm|w el |=
C=fDL=0.5x6 x 16 =48 Ib-air/min mme o w | [ me |
|
Select the desired pressure setting of 225 psig. Sy e o A v (oo
Srg o o | ww | ww |z e | mm
Refer to the capacity table / Use Discharge Capacity Graph Provided by oo e o wo ISR =
Manufacturer. oo o m
wsavzo
select model. weme | en w0 w0 w0 s ™
PRESSURE-RELIEF VALVE CAPACITY RATINGS e B e T e
- - - g | e s o - n ®
cat.No. | A Settings (psig) nemg | on st s sm P 0
Capacity | 150 | 175 | 200 | 225 | 250 | 275 | 300 | 325 | 350 | 400 iy | o = ° o
SH5600R [ Ib/min. | 10.6 | 6.12 [ 139 ] 15.6| 17.2 [18.9]20.5]| 221 | 23.8 | 27.1 o = ®
SHS602R | scfm | 141 | 166 | 185 | 207 | 229 [ 251 | 273 | 294 | 317 | 360
SHs600a |1B/min. | 313 1361 1409457 | 505 [55.3]160.1) 649 | 69.7 | 745 prec | o |m | e e b
scfm | 417 | 480 [ 544 [ 608 | 672 | 736 | 799 | 863 | 927 | 992 Wy | o P - o
SH5601 | Ib/min. | 35.8 | 41.3 | 468 | 52 [ 577 [63.2]| e8.6] 741 | 796 DD Ml L © L)
awwe | e [ wn on
scfm | 476 622 | 695 | 768 | 841 [ 913 [ 986 | 1059 [ e, o o
mwe | e o | ws | o | wo s
g | e P s

23
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Safety Valve : Installation M*’f
& Maintenance Tips

=No stop valve before safety valve

= For Leak testing of the Plant remove all safety pressure relief
devices and cap or plug the openings.

=The discharge pipe shall be not less than the size of the relief-
device outlet

=Pressure-relief devices shall be connected as close as practicable
to the refrigerant container or evaporator it serves and above the
refrigerant level in such container.

=Pressure-relief devices shall discharge to the atmosphere at a
location not less than 15 feet above the adjoining ground level, not
less than 20 feet from any window, ventilation opening or exit in a
building.

Safety Valve : Installation T
& Maintenance Tips

‘ANMONIA REFRIGERATION

=Calibration of safety valve every year

= Replace safety valve after every 5 years

Always replace relief valves once they have discharged. Do not
discharge relief valves prior to installation or when pressure testing.
AAR-01 Standard ((IS 17773:2022)

Minimum Safety Criteria for a Safe Ammonia Refrigeration System,
states

“Pressure relief valves discharging to atmosphere should be replaced
or inspected, cleaned and tested every five years of service.”

25
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Safety Valve Indicator D

ANMONIA REFRIGERATION

Safety valve Indicator with feedback EHaar)

ANMONIA REFRIGERATION

SFI-25-NX Safety
valve indicator with
electronic feedback

Safety Release System m*@
Safety valve outlet was connected to common header and such that discharge of
safety valve to the atmosphere above 20 feet from any window, ventilation
opening or exit in nearby building.

Safety Release System m*@
Safety valve outlet was connected to common header and such that discharge of
safety valve to the atmosphere above 20 feet from any window, ventilation
opening or exit in nearby building.
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Ammonia leak detector and safety valve
indicator for Safety Release System

Safety Release System

Safety Valve: Installation practices w_?’:‘m

Flange Connection Dual Manifold
Safety Valve Indicator

Safety Valve: Wrong Practices

op valve Beld
Safety Valve

gross volu
ore than 10
ft

Oct 17,2014 1:57:04 PM

Safety Valve: Wrong Practices i womararon

Safety

Valve on Dual
Manifold is not
provided as spare

Don't Install
commeon Safety
Valve for two
Pressure vessel
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Safety Valve:
Safety Valve: Wrong Practices .. Service and Calibration every year S e

'AMMONIA REFRIGERATION

= s N\

Avoid using Teflon tape for installation of
safety valves, as it can hamper the
reseating function of the valve.

37 38
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Types of Leak Detection System
— Enclosure : Types of Sensors: Selecting Sensor: Typical Applications

« IP 65 Stand Alone Installations o
« Panel Mounting Enclosure i‘;";l‘;z;‘sducmr Sensors
« Panel with External Hooter

: @ Standard Unit Features Cold _Storages (temperature abov_e _-_25°C )

V. - Site adjustable three Level Alarm for each channel Machine _Rooms! where  possibility - other

" " Contamination, Second "Early Warning & Alarm Semiconductor gases in air doesn’t exist

« LED Indication for Each Channel Contamination, - Electrochemical
Early - Electrochemical Sensors
-_— « Warning and Alarm Status Seafood processing plants
e E « Single point and multi-point Alarm Units Dairies
. « Operates on 230VAC, 50Hz, Meet processing plants
| ® | L 7| + In-built Alarm Hooter (60 DB) Chemical
- Relay out put for external Hooter and emergency Dyestuff
Panel Mounting panel exh.ausl Pharmaceutical

+ Optional RS485 ) Freezing Plant
Additional Features on PLC Unit Cold Storages (temperature below -25°C )
« 7" TFT Color touch screen graphic display Paint manufacturin
« Set point and relay output for individual channel. | ing
+ SMS alert on 5 phone numbers

+« LAN / Rs485 modbus protocol PLC / SCADA

) Wa\\,\ interface ;’\wa\\,\

39

Types of Sensors: Selecting Sensor

ANMONIA REFRIGERATION ANMONIA REFRIGERATION

Ammonia Level Definations

Sensor Life
The semiconductor sensor will typically last
much longer than an electrochemical or a » REL - Recommended Exposure Limit (NIOSH)
! catalytic sensor. Another advantage is that - TWA (Time Weighted Average) concentrations for up to a
Semiconglictor Electrochemical it costs less to replace. ) 10 hour workday during a 40 hour week
e slctocrarica sreor ree s e + ST - Short Term Exposure Limit (NIOSH)
%ensortreplicememtcost is high o ;r?ynt]ilr%t?:lmg %le?/gwég&hat should not be exceeded at
ratin mper: . .
-~ 2510.50° C Semiconductor Sensors » TLV (ACGIH) Threshold Limit Value
- 50 to 50°C for Electrochemical Sensors - Exposure leve| for hazardous materials in air that can be
with heater experienced day after day for a working lifetime without
Response to gases in nearby spectrum ill effect.
The semiconductor sensor are more » TWA Time Weighted Average
susceptible to gases in spectrum near to > Average exposure over an 8 hour working day
Ammonia like Chlorine, Sulphur, » IDLH (NlOSH)

hydrochloric solutions, Sulphur die oxides,
ethylene etc.

The electrochemical sensors responds only
to Ammonia and doesn't react to other
gases

- Immediately Dangerous to Life and Health
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Ammonia Levels
[Substance [Ammonia | |
. [cAS no. 7664417 | |
Ammonia Levels :

» 25 ppm: = EC I R S

NIOSH REL (TWA) e

ACGIH TLV (TWA) I e e

CAL/OSHA PEL (TWA) Benmarc o ™ W 7
» 35 ppm: T I I I

NIOSH STEL — ———

+ ACGIH STEL e

CAL/OSHA STEL Hungary 0 3
» 50 ppm: = I

OSHA PEL (TWA) B e e
> 300 ppm: . P r—

NIOSH IDLH o cting - = 2
» 160,000 ppm (16%) S = T = =

- LFLinair e
[switzerland 20 14 a0 28 —
A ia Level Misconceptions:
mmonia Levels Toxicity Of Ammonia i mmesnnon

Ammonia has a pungent odor and small leak as low as 5 ppm is detectable by smell
Continuous exposure to 30 ppm level is permitted for 8 hours per day per week.

1,000,000 ppm
. How does ammonia affect the human body?

UEL

Gas concentration Effects on an unprotected

-. Skin Iriatons, Bums, Bisters

human being Time
Immedate Death
ANHYDROUS
can be detected. Atlow temperatures Enits
20 e Hygienic limitin
[T (below 0°C), small concentrations of Drglent
approximately 5 ppm can be detected :
Inmesite e iy 4 Do not stay longer than
. necessary. This is the
P~ foxoren 50 The smellis pronounced U et v (Shos

Time Exposure Limit)

No dangerous effects on healthy
100 people. Uncomfortable. Inexperienced

| M M E D I ATE people will leave. quickly as possible.
DAN G E R 400-700 Immediate irritation of the eyes, nose and g:‘::r; :;r’v‘ﬂ;ls -
respiratory organs. X

TO LIFE OR arious insris

Leave the area as.

Coughing, convulsions and serious 20 mihiesicanicause

1700 irritation of the nose, eyes and severe injuries.
0ppr
i HEALTH
2000-5000 irritation of the nose, eyes and *

may cause death.
respiratory organs

Lethal within a few

2000 minutes.

Paralysis, suffocation

46

‘REFRIGERATION

Ammonia Leak Detection & Alarm

The following table shows the values for the max. permissible refrigerant
content in air measured in volume %. Certain countries may, however,
have official limits different from the ones stated Location of Ammonia Sensors

The Gas Detectors must be installed at High Level

| HFC HCFC Ammol co;
| R134a | R404A | R407C | R507 | R22 | R717 | R744

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

TWA Unit

Time weighted .

average during a vol. % 0.1 0.1 0.1 0.1 0.1 0.005 0.5 « Above or to both sides of compressors

week . .
Warning smell vol. % 0.2 0.002 « Above Pressure vessels like H P/ LP receivers

Example : Above valve stations
Machine roomof 20m X 12m X6 m
Total Volume 1440 m?

Ammonia Volume 7.2%

Ammonia Volume 4.97 kg

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

47
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Location of Ammonia Sensors S nmeemon Location of Ammonia Sensors S e
Sensors should be located in an accessible area for maintenance and testing, . . )
but away from moving equipment that could accidentally come in contact with The Gas Detectors must be installed at High Level
the sensor. - ) .
Avoid thermal extremes (close to heaters) and do not place unprotected in + Atleast 1 detector at ceiling level on a grid of 10m to 20m intervals
direct, strong drafts/ airflows, near exit doors, or areas where falling water or . b to both sides of
condensing moisture are present. OVe Or 10 both sides of compressors
If high humidity is always present, power up the unit as soon as possible, as . " .
long term exposure can shorten the life of the gas sensing element. Select the Above Pressure vessels like H P/ LP receivers
unit for harsh environments where a condensing atmosphere may be present. . Above valve stations
In blast freezers, mount the gas sensor below the coil to avoid high moisture
and steam during defrost. « Emergency power supply, e.g. battery or UPS for the detection system
[T —
49
Location of Ammonia Sensors G rmoctmon Location of Ammonia Sensors G rmoctmon
“Perimeter” detection is where sensors completely surround the area in “Point” detection is where sensors are located near the most likely sources
question. of leakage.
L]
L] Air flow should bg considered in a
ventilated room. Place sensors
downstream of|potential leak points. @]
PLACE SENSORS | PLACE SENSOR |
AROUND PERIMETER ggﬁﬁ,a:ﬁ?‘rms
OF LARGE ROOM
] O OPERATING
EQUIPMENT
51 52
Location of Ammonia Sensors S nmermaon Location of Ammonia Sensors S nmecmaon

Air flow should be considered in a ventilated room. Place sensors downstream of
potential leak points.

]
(==l

= AR FLO\:I\—

8—{ ’ (=]
—
[ PLACE SENSOR(S) ]

BETWEEN EQUIPMENT
AND EXHAUST FAN

53
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Location of Ammonia Sensors : Problems

ANMONIA REFRIGERATION

Location of Ammonia Sensors

Ammonia leak detector Safety Release System

VENT LINE APPLICATION

LN

i,
ey |/
s SR
et/
At £~ pROTECT
oidiReE - porect
Smaate
SeREN
opTIoNAL TUBING
LINE For BURP TESTING
&3S RND AR PURGE

RELIEF LINE DISCHARGE HEADER

- DRIPLEG

Fio.s R
::::: ) 4‘,’;\\
~ ‘H‘{H:m\
: s
At om s L I
ji

/

WEATHER PROOE.
/GRS SENSOR BEcTRONICS

g

1"X 34" REDUCING BUSHING
TOALLOW A SWALL AMOUNT
ARFLOW 10 CLEAR DETECTED
GASES AND AVOID FALSE ALARMS.

‘ANMONIA REFRIGERATION

Location of Ammonia Sensors :
Safety Release System

Portable Leak Detector

+ Microprocessor controlled device

+ Customized calibration optional possible

+ Display of the calibrated gas concentration

+ Various optional Accessories variable

+ Values from 1 ppm up to 2000 ppm

+ Optional 1 up to 1000 ppm

+ Acoustic signal depending on concentration (

can be switched off )

* Automatic measuring range charge over
+ Automatic zero setting on air after switch on

ANMONIA REFRIGERATION

Safety Controls:
Emergency Pressure Control System

DEAD MAN’S VALVE

y

L

J

MS VERSION SS VERSION

ANMONIA REFRIGERATION

10
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DEAD MAN’S VALVE g oar o)

R rmomenon Level Glass or Level Gauge ? R rmomenon

Electronic Level Switch e mtnon Electronic Level Switch e mtnon
APPLICATION:
« Detect the presence of liquid in vessels, tanks, separators, Measu ring principle

compressors, standpipes and other applications.

+ Capacitance Measuring Principle Combined with + Conductance Measuring Principle

« Detect level in all types of refrigerant media and oil

« Applicable for all types of cooling and heating

systems (including heat pumps application)

dielctric constant er):

of the media

MTLLSW

v"!

63 64
m*@ Two Elements which affect m*f”‘
What is contamination ? performance of refrigeration plant
1.Water
» A good Refrigeration system should contains only 2. Non-condensables gases

two things refrigerant and oil.

Common Non-condensables
Air

Nitrogen

Hydrogen

I I Hydrocarbons

65 66

» Anything else is a contaminant!

11
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ANMONIA REFRIGERATION

Example

Anhydrous Ammonia Gas will change phase
from gas to liquid if heat is removed at
temperature 35°C and pressure 13.5 kg/cm?2

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

67

Presence of Air & Other
Non-condensables
Pressure is additive

Pressure Is Additive

D

‘ANMONIA REFRIGERATION

PRESSURE DUE
TO AR

Pactual = Prefrigerant + Pnoncond

TOTAL CONDENSING
PRESSURE IS ADDITIVE

PRESSURE DUE
TO REFRIGERANT

Presence of Air and Other
Non-condensables

Pnoncond = Pactual - Prefrigerant

When to Purge ?

IfP> Pt

P is actual Pressure in receiver

Pt is saturation pressure corresponding to temperature

From
(582000 70070200 300707000 B GO 0050
5

000 00  + 000 "S“’ 57000 00,0

050.% © Refrigerant

o
030550 390 erd0,0 BRO0S
LX) 00 4+ 0+09%00o + Noncondensables

~—toloo
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The Presence of Non-condensable Gases

= 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.

ANMONIA REFRIGERATION

D

The Presence of Non-condensable Gases

= 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.

The Presence of Non-condensable Gases i remecnon

Reduced System Capacity =
y
{ )
Refrigerant ’
Air
Cooling @
Water
A ube of evaporative
Shell and tube Evaporative condenser nstlales the
Condenser Condenser

LD

KEY:
I vt

[ Retrigerant
[l A

Alr surounding tube of
ahorizontal shell and tube,
ora verlical condenser.

12
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. H
Air Vs. Power Loss G amenen

% of Air by 0.5 1.0 2.0 4.0

weight

Air Pressure in 1 1.6 3.2 7

PSI

Power % 0.8 1.4 2.8 6.5

for -15°C Evaporating and 38°C Condensing

VARIOUS WAYS IN WHICH i remcenmon
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.

74

VARIOUS WAYS IN WHICH D
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.

75

ANMONIA REFRIGERATION

Remove Non-condensable Gases: Purging

Manual Purging

Automatic Purging

The Three Types of Purging . D

1. Direct venting of the air-refrigerant mixture

2. Compression of the mixture, condensing as
much as possible of the refrigerant, and
venting the vapor mixture that is now rich in
non-condensables

3. Condensation of refrigerant using a small
evaporator, followed by venting of the air-

refrigerant mixture this is now rich in

noncondensables

77

Direct Venting: Manual Purging .o *@

Manual purging at the condenser or receiver Procedure:

Always use PPE kit (Mask, gloves, suite)

Have valve with pipe connection on top of condenser and receiver
Connect Hose to pipe connection for purge

Connect weight to other end of hose & deep hose in water bucket

Pump down refrigerant by shutting liquid valve at outlet liquid receiver, then
stop refrigeration plant

Keep condenser water / fans running for 1 hour

Slowly open the purge valve

Check ammonia smell, water colour / foam formation in water for ammonia
release

Close valve immediately if ammonia is released

13
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Direct venting: Manual Purging nmers
@m@g{(@m@ Remember!
Xax safety
CH T suit, gloves, mask, eye
e and irrigation bottle.
T
o |t
l l : .
.
I . _I EVAPORATIVE CONDENSER
e
L S
——s —E
R e A
Recciver Water Foi M oau
Simene lon-retur valve
/N recever
.
L
e l

79
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‘ANMONIA REFRIGERATION

Direct Venting: Manual Purging

Manual purging at the condenser or receiver

Problems:

« Takes a lot of valuable time.

* Needs to shut down plant

« Does not totally eliminate air.

« Permits escape of refrigerant gas that may be dangerous and disagreeable
to people and the environment, and may also be illegal.

« s easily neglected until the presence of air in the system causes

problems.

80

Advantages Automatic Purging System

ANMONIA REFRIGERATION

Safety: Automatic Purgers Capital cost: The cost is high
eliminate the need for because of purger unit, piping,
refrigeration staff to manually solenoid valves and other
“open the system” on frequent controls

basis

Effectiveness: A properly Maintenance Cost: For the

installed and operated multi-
point purger can continuously
function to scavenge and

purger unit, accompanying
solenoid valves and transducers
required for purge control

remove NCG from System

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

81

D

ANMONIA REFRIGERATION

Advantages Automatic Purging System

No Purging Or Non working Purger

Above Design
Pressure

[ = Excess Pressure Due to Air [0 = Design Pressure

82

Compression of Mixture ;@w

Condensation of refrigerant using ?I‘f@
a small evaporator

ANMONIA REFRIGERATION

Vent

l Purger Point

Condenser

iquid

After Condenser

To Suction
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Advantages
refrigerant from plant

Plant refrigeration based
purger

Feature

No independent
refrigeration circuit as the cooling medium
Fewer moving parts expansion valve or
refrigerant circuit

No R290/R404A

No secondary refrigerant refrigeration circuit

Less equipment requiring

Lower maintenan o
L IS servicing

Long service life Robust industrial design

No miniature refrigeration
compressor

Only controller and
solenoid valves consume
power

Simpler construction may
Suitable for hazardous areas simplify installation in
ammonia plants

No compressor failures

Lower electrical
consumption

Benefit

Uses plant liquid ammonia Fewer components to

maintain

No compressor, condenser, Higher mechanical

simplicity and potentially
higher reliability
Eliminates maintenance
of another refrigeration
system

Reduced maintenance
cost

Suitable for continuous
industrial operation
Eliminates one common
failure point

Slightly lower operating
power

Fewer electrical
refrigeration components

15 may cvio 8
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Where To Purge Air ?

« Purge point connections must be at places where air will be collected.

« 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 the purge point connection should be made.

« Similarly, the purge point connection at the receiver should be made at a point farthest
from the liquid inlet.

Where To Purge Air ?
Receiver or Condenser ?

condenser liquid temperature. This can happen when:
1. The receiver is in a warm place.

2. Cooling water temperature is falling.

3. Refrigerating load is decreasing.

Air will remain in the condensers when the receiver liquid temperature is higher than

Conversely, air will migrate to the receiver when the condenser liquid temperature is higher
than the receiver temperature. This can happen when:
1. The receiver is in a cold place.

2. The cooling water temperature is rising.

3. The refrigeration load is increasing.

Purge Points

Evaporative Condenser

v H Fig. 1.(left) High velocity of entering
e refrigerant gas prevents any significant air

/l\ /l\ /‘\ /l\ 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.

Purge Points

Condenser Valving for Effective Purging

5 CoNDENSER

Condenser Liquid Drain Piping petaj

|| ToPuRcE pipiNG

See Figura 4 46

PURGE

CONNECTION
FULL 816
TO ELBOW

PITGH

12
MINIMUM

SERVICE
VALVE

Purge Points

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.
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Purge Points

Purge Point solenoid valve connection

‘ANMONIA REFRIGERATION

e

No Purge
from Cond
inlet line

Uaid Lo

Sucton ine Dscrage e

Lgn B

IREERE

Vel G0 Tt

oo sr sy revi DukBue Coortine
Ther i

- !
O sparaor
s
i "

compmssson L

;" é‘ =t i \ i %
L / \

. Y, ( ReCEVER )

LT 'NOTE : ALL LINE SIZES CONNETING TO AR PURGER are 15mm AUTOMAIC AIR PURGER.

Automatic Purger Installation Gravity Feed

ANMONIA REFRIGERATION

ISuction Line

#1

RECEIVER

ie
=]

= AUTOMATIC AIR PURGER

Automatic Purger

ANMONIA REFRIGERATION

Electrical Power KW for different Condensing
Pressure

12 kg/sa, 16 kg/sq,

cm cm
KC51 2 No. 94 106
KC42 1 No. 45 51
Total Power 139 1I57
Extra Power 18
Cost Rs./kW {25!
Running Hours in year 6000
Total Saving due to 8,10,000

air purger Rs.

ANMONIA REFRIGERATION

Calculation of Increased Power Cost

Plant Details Freezing Plant Potato Cold Storage 5000MT
Evaporation Pressure -40°C -10°C

Condensing Pressure for 38°C 13.7 kg/cm’ 13.7 kg/cm’
Refrigeration Capacity 500kw 518kw
Power required by compressor 281kw 148kw
Actual pressure is 1.5 Kg/cm® higher 15.2 kg/cm’ 15.2 kg/cm’
Power required due high pressure 300kw 165kwW

Energy Saving 19kwW 17 kW

Annual Running Ours 6000 hours 5000 hours
Electricity Cost Rs. 8/- Rs. 8/-
Total increase in electricity bill Rs. 9,12,000/- Rs. 6,80,000/-

*Other benefits such as reduction in wear & tear of compressor parts,

condenser descaling, increase in refrigeration capacity are to be added
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Water Contamination and Removal in i remcenmon Water Contamination and Removal in S i

Ammonia Refrigeration Systems Ammonia Refrigeration Systems

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

ANMONIA REFRIGERATION

ANMONIA REFRIGERATION

Ammonia-water Relationship Ammonia-Water Reaction

v

Ammonia and water have a great affinity for each other. » Ammonia Mixed with water produces Ammonium

Hydroxide (NH;+H,O=NH,++OH"

v

For example, at atmospheric pressure and a temperature

of 30°C., a saturated solution of ammonia and water will » Ammonium & hydroxyl ions can cause galvanic
contain approximately 30 percent ammonia by weight. As corrosions

the temperature of the solution is lowered, the ability to . . . .
absorb ammonia increases. » Water mixed with compressor oil have chemical

reactions that creates nitro compounds (sludge)

» These nitro compounds (sludge) clogs strainers and

At -33°C. the percentage increases to 100 percent cause operation problems in valves
ammonia by wt.

v

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

v

100

Ammonia-water Relationship w*é@ Water Contamination and Removal In ~_ *éw

Ammonia Refrigeration Systems e

When water is added to anhydrous Ammonia, the Two Sources of Water contamination

saturation temperature at a given pressure increases

1. The contaminated sources in the
% Dilution

construction and initial start up

-0.3Kg/cm? g  0Kg/cm?g 2.0 Kg/ cm?g phase
0 -40.2°C -33.3°C -8.9°C .
2. The contaminated sources after
10 -38.6°C -31.6°C -7C the system has been put into
20 -36.4°C -28.9°C -3.9°C normal operation.

-32.2°C -24.4°C 2.3°C

101 102
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Water Contamination and Removalin %Em
Ammonia Refrigeration Systems

ANMONIA REFRIGERATION

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.
while pressure testing with air using system Ammonia compressor
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.

v

v

v

v

v

v
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Water Contamination and Removal in R mmommanon
Ammonia Refrigeration Systems

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 that 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.

104

Water Contamination and Removal in
Ammonia Refrigeration Systems

ANMONIA REFRIGERATION

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 can create more “free” water in the
system.

» Inadequate or no purging

105

Water Contamination and Removal in P el
Ammonia Refrigeration Systems

Contamination after the system has been put into normal operation
Moisture which enters with air on low side mixes with ammonia and remains their.

Example

Air Purger in a plant removes 5 lit of air per min

Ambient temperature is 35°C, & 75% RH

Hence, water contain is 25 g/kg

5 lit x 1/1000 lit X 25.5 g X 60 min = 7.65 grams of Water per hour
That is 45.9 lit per year considering 6000 hrs per year plant operation
In 10 years, we will have 459 Lit of water in our plant

106

Effects of Water Contamination . D

» Water causes corrosion in the refrigerant cycle
» Accelerates the aging process in oil

» The compressor oil begins forming organic acids
and sludge from a complex chemical reaction

» Increased wear and tear of the compressor and
frequent oil changes generate lower plant
availability and increase service costs.

107

Effects of Water Contamination .. D

» Pressure drops increase through piping

» Pump and evaporator performance are adversely
affected

» The system must be operated at a lower suction
pressure to maintain the desired temperatures

» Water contamination lowers system efficiency

reases electrical costs

108
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Compressor 3 Sight glass

7/soiled Ol filter

Effects of Water Contamination valves
chocking, slug in compressor

ANMONIA REFRIGERATION

Effects of Water Contamination valves 2
chocking, slug, rusting inside control valve i ermosnanon

111 112
Effects of Water Contamination valves 2 EFFECT OF WATER ON BEARING LIFE =~ *@

chocking, slug, rusting inside control valve S ermocssmon

113

- Water limits are dependent on the fluid's base stock.
- Parafinnic Mineral oils 100 ppm

- Napthenic Mineral oils 150 ppm

-POE’s 1000 ppm

- PAG's 2-5%
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% Bearing Life remaining

Q" Q QF

% Water in the Oil
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ANMONIA REFRIGERATION

Areas Of Highest Water Content

» Recirculation Systems :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.

Areas of Highest Water Content D
Reasons : S eamcencon
» Large difference in Vapour Pressure between water and
ammonia.

» For example, at 2°C, the vapor pressure of ammonia is
3.6 Kg/lcm? as compared to 0.007 Kg/cm? for water.

» Since the liquid with the higher vapor pressure evaporates in
greater proportion than the liquid with the lower vapor
pressure, a residue is left containing much more lower vapor
pressure liquid when infiltration is not corrected.

Temperature (°0) Pressure (kPa)

Water Ammonia
0 0.61 329
5 0.87 415
10 1.23 515
15 1.71 629
115 116
Ammonia Purifier / Dehydrator Ammonia Dehydrator Installation u*@

PURE AMMONIA
T0 SUCTION |
ACCUNULATOR

BYPASS SAFE
R vAE

SOLENOD
lcoNTROLLER] S

LIQUID LINE FRO)
LPACCUMULATOR|

HPLIUD LiQuID FROM
SUPPLY TO SYSTEN! HP RECEIVER

WATER AND DEAD MAN'S DRAIN VALVE

0 EVAPORATDRS AMMONIA
‘ 7% PUMP

E:
: 20NB
[-CONTAMINATED
é'gN 'DREEXEE,; LP LIQUID LINE
AMMONIA HEV SV G V. NOTE -
PURIFIER 1. ALWAYS KEEP STOP VALVE CLOSED,
ONLY IF YOU WANT DEVHDRETOR, OPEN THE VALVE.
UCKORANVAE | NO ADDITIONAL STOP VALVE REQUIRED TO INSTALLATION
2. ALWAYS USE THREE PIPE LINE SIZES IS EQUAL

3. INSIDE SQUARE MANIK SCOPE OF SUPPLY ONLY.

-

PURE NH 3 VAPOR
®

LINE 40 NB

HP LIQUID LINE

SUB-COOLED HP LIQUID LINE

BASIC AMMONIA PUREFIER INSTALLATION P & |
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Costof Water D e K
- — Cost of Water & Air - —
TS Compressor Type
Booster Two Stage
Compressor Capacity 300 kW 300 kW
Condensing Temperature -7°C 40°C
Evaporating Temperature -40°C -40°C S
Power required 80.1 kW 171 kw oo Cold hoage S0 1 0746
Evaporting Temperaure for 10% Water Suction Suction | harge | Discharge | Refrigeration "1"3“:' zle:m:l Extra cost : " m::‘:er
contaimination -42°C -42°C Pressure PSI “';:':"" pressure deg F| tempdeg F | EffectBtu/ib | SHP/tO" qu - oW | per Rs. | yearks.
Corresponding Power required 87.9 kW 181 kW 2847, = Lz o — o83 10 £ = o
Extra Power requred 7.8 kW 10 kW L T z 2100 108 0 21 8 ez el
Power Cost Rs. 8/kW Rs. 8/kW
Runnuing Hours per year 6000 hours 6000 hours
Total Cost of extra power Rs. 7,74,400/- Rs. 4,80,000/-

its such as reduction in wear & tear of compressor parts, oil,

capauty are to be added
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Working Video D

\vENEIw':yEIHS

0il, Dirt and Water Removal from
Ammonia Refrigeration Plant by using Manik WDO0.
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Man Trap Alarm

The chiller room alarm
system was installed in
machine room with self
illuminated push button
system near doors in
chiller and freezer rooms
for trapped loader. This
unit was incorporated with
inbuilt battery backup so
that it can work
independently in the event
of power outage.

MAN TRAP ALARM : MTA

mans

LOW Tomperature
S5 Switch BOX

122

Man Trap Alarm o)

TERMINAL CONNECTIONS:

MAN TRAP ALARM STANDARD TERMINAL CONNECTION
TERMINALTB 1|

MAN TRAP ALARM TERMINAL CONNECTION AT LOW TEMP.

[

EEETET :‘T‘T:E\RM“NAL m( TS
[ [LI

T T

Corrosion , rusting and damages

123 124
Ultimate solution : Stainless Steel ??5@ Ultimate solution : Stainless Steel _i’f“‘@
S o o
SS 304 seamless pipe Seam Less steel pipe
DN/NBSize ScheduleNo  Thicknessinmm weight kg/m Schedule No Thickness in mm weight kg/m
15 40 2.77 1.29 80 3.73 1.50
20 40 2.87 1.71 80 3.91 2.19
25 40 3.38 2.54 80 4.55 3.23
32 40 3.56 3.44 80 4.85 4.46
40 40 3.68 4.1 80 5.08 5.44
50 108 2.77 3.99 40 3.91 8.62
65 108 3.05 5.34 40 5.16 11.28
80 108 3.05 6.56 40 5.49 11.27
100 108 3.05 8.5 40 6.02 16.06
125 108 3.4 11.64 40 6.55 21.08
150 108 3.4 14.04 40 7.1 28.23
200 108 3.76 20.77 20 8.18 42.49
250 108 419 28.2 20 9.27 60.24
300 108 4.57 36.54 20 9.53 73.75
125
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Ultimate solution : Stainless Steel *@ Ultimate solution : Stainless Steel *@

127 128

Ultimate solution : Stainless Steel ?K@ Ultimate solution : Stainless Steel mi*;@

129 130

Ultimate solution : Stainless Steel

131
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Ultimate solution : Stainless Steel o)

134

Ultimate solution : Stainless Steel

ANMONIA REFRIGERATION
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