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1. CONDENSER HEAT REJECTION FACTOR : CCNDENSER HEAT REVECTION

REFRIGERATION EFFECT
THEN: CHR=RE X HRF

2, CONDENSER HEAT REJECTION: R.E. + BHP'X 2545

3. CONDENSER HEAT REJECTION = R.E. + KW X 3414

CONDENSER HEAT REJECTION
IS EQUAL TO

Compressor Capacity in kW +Power consumed by

motor in kW=Condenser Capacity in kW
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SUBCOOLING

Insures Proper Operation of
Liquid Metering Device.

Adds 1/2% to Total System
Cooling Capacity.

Air — Cooled Condensers

REFRIGERANT
EVAPORATING

75F

ROOM AIR

TYPES OF
CONDENSERS

WATER COOLED
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AIR-COOLED CONDENSER
SECTION

EVAPORATOR
METERING DEVICE

AIR COOLED CONDENSING UNIT
FOR DUC NSIDE LOCATION
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ONDENSING TEMPERATURE  05°F.
AVING DIFFERENCE - (ee
AVING WATER TEMP. TR

NTERING WATER TEMP. 75°

‘ 20°F.

20 x8.33 x 60

Wibor botdy - 8 _ 15,000
= Slat Z20x500

GPM/TON RE =

CONDENSING TEMPERATURE 105°F.
LEAVING DIFFERENCE 10°
LEAVING WATER TO TOWER ~95°
ENTERING WATER FROM TOWER 85°
WATER RISE T10°F.

, 15,000 BTUH
SRt b A S L A
EEMCTON: RE = o

15,000

...g'

Circulation “10 x500
Pump e
= 3.0
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Evaporative Condenser/Cooling Tower

*EVAPORATION
12:0000 I5LB./HR./TON :
*BLEED-OFF 1,999 ;
EQUAL TO EVAPORATION = |5LB./ HR./TON
TOTAL = 30
S 200
GPM 83360 .06 GPM/ TON

* WINDAGE LOSS
.2 %x 3GPM/TON =.006 GPM/TON

TOTAL MAKE-UP=.066 GPM/TON

Water Saving With Use of Cooling Tower
WATER CONSUMPTION
ONCE-THRU CONDENSER 1.5 GPM/TO

COOLING TOWER .066 GPM/TO

% TOWER USAGE .cisss x100 = 4.4%
SAY 5 %

% WATER SAVING = [00-5 = 95%

> 34
Cooling Tower Psychrometric A Gt CreEE Gar
TR
‘Wu;ar Temp.
to Tower
\\\i
OWER //4,, \
COOLING T
PSYCHROMETRICS V4 : p
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AIR COOLED AMMONIA CONDENSER

ADVANTAGE OF AIR COOLED CONDENSER:-

1 Easy and economical installation

2. Water piping , pumps, cooling tower eliminated

3. Mainly used for HFC/HCFC Refrigerants

4. Applications-Window, Split air conditioners, Car Air conditioners, Truck
Refrigeration, Railways, Package Air Conditioners small capacity cold rooms,
and many more

Disadvantages:-

1. Consumes more power compared to Water-Cooled condensers

37
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In India air cooled condensers for ammonia application are
seldom used due to high ambient temperatures experienced in
summer. Use of wet pads to cool incoming air on the air-cooled
condensers is one of the methods to overcome high ambient
temperatures and thus keep discharge temperatures and
pressures within limit, this has been tried in few places.

However by and large air-cooled condensers are not used and
recommended for ammonia applications in India as water is
available in most of the industrial areas.

ECO MESH AMMONIA AIR COOLED CONDENSER
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ADIBATIC WET PAD
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CONDENSER (HEAD )

EVAPORATOR
(SUCTION)

H(BTU/LB)
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Air Cooled Condenser
CONDENSER
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HEAD PRESSURE CONTROL IS A
CONDENSER CAPACITY CONTROL
SYSTEM DESIGNED TO MAINTAIN
THE SYSTEM HEAD PRESSURE AT A
PREDETERMINED MINIMUM LEVEL
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AIR — COOLED HEAD PRESSURE
CONTROL

CYCLE FANS OR
CYCLE 1 FAN, SPEED - CONTROL THE OTHER
SPEED CONTROL - SINGLE FAN

.
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WATER-COOLED SYSTEMS

TEND TO INCREASE IN
POPULARITY AS THE SIZE
OF SYSTEM INCREASES.

10/30/26

WATER COOLED ATMOSPHERIC CONDENSER

ATMOSPHERIC CONDENER

a7
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ATMOSPHERIC CONDENSER

Air contamination deteriorate condenser performance

P

J Desuperheating
’ Cesling
350 Saturated gasfiquid
p =
Condenzed lauid

Coalin

| Subcooling ]

Discharge gas
S0°C, 35°C 53¢

Works

Doesn’t
work

s llad

Note: Subcooling is not always a good thing...
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ADVANTAGES:

Efficient operation due to low discharge pressures. With 28°C wet bulb temperatures, it
is possible to achieve and maintain 37 to 38°C condensing temperatures and thus lower
discharge pressures and thereby lower power consumption.

The efficiency is better since both sensible and latent heat transfer takes place when
water comes in contact with hot tubes carrying ammonia gas.(Heat and Mass Transfer)

These condensers are generally site fabricated and thus reduces other incidental costs.
Can be attended /repaired while the plant is in operation by isolating particular bank.
Additional banks can be added when more capacity is required.

Coil surface visible, hence external cleaning can be done in case fouling is observed
Requires low pressure/head, water circulation pump

Do not require additional fan power, as these do not use fans and depend only on
natural air movement.
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DISADVANTAGES:

Occupies large floor space area. However, this drawback is generally overcome by
installing the condenser banks on the roof slab of the machine room.

Needs to be kept nearer to machine room to ensure shorter high-pressure ammonia gas
pipelines.

Spray water losses are high due to wind velocities as water is carried by winds.

. Due to constantly varying wind velocities and direction, it is always not possible that all

spray water will wet the tube surface and hence capacity of condenser may not remain at
100% all the times and fluctuates.

Higher pressure drops on discharge side due to longer length of discharge pipe.

WATER COOLED
CONDENSER

1. Tube -in- Tube

2. Shell - and - Coil
3. Shell - and - Tube

51
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TUBE - IN - TUBE
WATER COOLED CONDENSER

REFRIGERANT

/7/ OUTLET

s

VERTICAL AIR CONDITIONERS (VAC)
OFTEN USE TUBE - IN - TUBE
CONDENSERS

A TUBE - IN-TUBE CONDENSER INSTALLED

WATER TO REFRIGERANT HEAT EXCHANGER

SHELL — AND — COIL CONDENSER
o
HOT GAS
LINE

LIQUID
LINE )

Sy,
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CONDENSER
57
SHELL - AND - TUBE SHELL — AND - TUBE
CONDENSER CONDENSER
HEAD REFRIGERANT GAS IN \ \comg?lo" H/OT e
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Shell and Tube Water Cooled Condenser
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WATER
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69
BALLPARK FIGURES] :
FOR A HEAT REJECTION 95FDB
WATER - COOLED e s F D
SYSTEM
CONDENSER g HEAT
cONDITIONED . 2 _lzl\/a\/nvn/.\
85F COOLING
COMPRESSOR  TOWER
REFRIGERATION MACHINE
45F GOOLER (REFRIGERATION CYCLE)
HEAT GATHERING
(LOW TEMPERATURE )
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EVAPORATIVE CONDENSER IN MACHINE ROOM WITH DUCTING

T

EVAPORATIVE
CONDENSER

W\msn PUMP

€,
by A
VAPORATOR i

COMPRESSOR
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EVAPORATIVE
CONDENSER HEAD
PRESSURE CONTROL
OPTIONS

U . TURN OFF THE SPRAYS

2.CYCLE OR SPEED FAN
3.DISCHARGE DAMPERS
A 4 AR BYPASS

Finned coil
\: e

L C{{L{{(Cd

P ANATrA) CANTAAY
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Hot Saturated
Discharge Air

Superheated
Refrigerant
Gas In

Condensed
Refrigerant
=P Liquid Out

Cool Dry
Entering
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CONPRESSOR
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Principle of Operation
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Pressure =150 [psia] | | Saturatad Figure 5: Part-Load Evaporative Cond Operation
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40 40

Dry Bulb Temeprature-oC
Wet bulb Temperature -°C 28 28
Water Tank Temperature-oC 32 32

Water spray Temperature-oC 32 36

Condensing Temperature-oC 38 40

201.1(57.17) 198.4 (56.39)
524 s
omse o
L cor | was s
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TUBE IN TUBE CONDENSER

Size comparison between shell-and-tube heat
exchanger, coaxial heat exchanger and brazed

heat exchanger for the same refrigerant duty.
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TUBE - IN - TUBE
WATER COOLED CONDENSER

REFRIGERANT

/7/ OUTLET

s

SHELL — AND — COIL CONDENSER
o
HOT GAS
LINE

LIQuUID

A TUBE - IN-TUBE CONDENSER INSTALLED

WATER TO REFRIGERANT HEAT EXCHANGER
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UNIT USING MICRO CHANNEL CONDENSER
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103 104
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HOT GAS LINE

COMPRESSOR
(MOVES HEAT)

METERING
DEVICE

SUCTION
LINE

THE EVAPORATOR IS

A DEVICE FOR
ABSORBING HEAT INTO
THE REFRIGERATOR
SYSTEM.
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= EVAPORATORS ABSORB

HEAT

i

LIQUID / VAPOR MIX
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SUBCOOLED SUPERHEATED,
LIQuID GAS REGION|
REGION

CONDENSER

EVAPORATOR

H(BTU /LB ) s
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EVAPORATORS CATEGORIZED
BY REFRIGERANT FLOW

XI
Liquid /‘)/
Refri

>» DX—
<

1. DRY EXPANSION
“WET START,” “DRY” AT OUTLET

Temperature
Sensing Bulb

2. FLOODED —
“WET” FROM BEGINNING TO END Refrigerant <€

Vapor

a) Direct Expansion Air Coil
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DIRECT EXPANSION EVAPORATOR
( SINGLE CIRCUIT)
LIQUID METERING
DEVICE

| - d
MIXTURE Liquid

CONDENSE! SATURATED £
(PURE LIQUID ) = > LIQUID & Refrigerant
VAPOR

Control

100% Valve

~ )SATURATED
VAPOR Liquid —¥
Leg

<=®:

V“’°" W supeRHEATED VAPOR

ConrREssoR
(PURE VAPOR) PURE LIQUID PURE VAPOR

111 112
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LIQuID
FROM

CONDENSER Fi@@PED EVAPORATOR

\ / " VAPOR TO COMPRESSOR
VAPOR
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-
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+ FLOAT VALVE & BALL ASSEMBLY

RESIDENTIAL D-X EVAPORATORS

AIR
FLOW

CONDENSATE
CONDENSATE BLOW OFF
DRAIN ELIMINATOR

CONDENSATE
DRAIN

UPEEOIVIOR
DOWNREOW
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3 TON DIRECT EXPANSION
AIR — COOLING COIL

RESIDENTIAL SPLIT SYSTEM
UPFLOW D-X EVAPORATOR

D-X SPLIT SYSTEM

1. EVAPORATOR

2, CONDENSER

3, COMPRESSOR cooL

4. METERING DEVICE AIR >

| o —|_/ I )
ot

75F

ROOMAIR
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RESIDENTIAL D-X EVAPORATOR
SPLIT SYSTEM HORIZONTAL

F7 CcoIL
P

" SECONDARY:
CONDENSATE
DRAIN

PRIMARY

4
f CONDENSATE
DRAIN

THERMOSTAT

A
\_ LIQUID LINE~__

SUCTION/LIN‘E f
—
L

4,

OUTDOOR UNIT
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RESIDENTIAL D - X EVAPORATOR
PACKAGED EQUIPMENT _
EVAPORATOR
CONDENSER
119
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SUPPLY AIR
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||||||| I e
gl .

RESIDENTIAL D-X EVAPORATOR
THRU — THE — WALL — UNIT

Appnoxlwwu DEPTH

CONDENSER  FRONT

INDOOR COIL
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100 TON D EXPANSION

S ’W\E&Lsm e
conbENsER ON RECIPROCATING [CHILLE}

f WaER oy g ==

D-X
COOLER

AR
HANDLING
UNIT

CONDENSER

FLOODED
COMPRESSOR COOLER
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AIR HADLING UNIT WTH CHILLED WATER COIL
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EVAPORATORS CATEGORIZED BY
TYPE OF CONSTRUCTION

- BARE - TUBE
FINNED - TUBE
PLATE - SURFACE

31



125

127

BARE PIPE COIL EVAPORATORS

[
C
[

SINGLE CIRCUIT MULTI - CIRCUIT

ENHANCED - TUBE DESIGN

N\

SCREW THREADS
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EVAPORATOR
(NATURAL DRAFT)

SPIRAL -FINNED TUBE
AIR

EVAPORATOR EVAPORATOR
TUBE FINS
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PLATE - FINNED TUBES

1 ' _

EVAPORATOR
(NATURAL DRAFT)

—

LIQuID

e

A

B @
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FORCED AIR EVAPORATOR
(FINNED) SHELL-AND-COIL LIQUID COOLER

Refrigerant M1 < Refrigerant
< Suction Outlet

Liquid Inlet >

| —

Water I
He—

. AS
Circular Tank Shell
Cooling Coil

Water Out -~ ~
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FEEDER
TUBES

REFRIGERANT

INLETS

(LIQUID
CONNECTIONS )

REFRIGERANT:

OUTLETS

(SUCTION
CONNECTIONS )
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AlfaRex - modules

+ 10 plates are laser-welded together forming a module

The plates have two grooves to allow alternate welding of plates

The modules is only welded in two dimension

Alternate laser-welds

PLATE HEAT EXCHANGER

service

IProcess

lded Seal

Welded Seat Gasketat
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MANY' SHAPES

AS FREEZER INTERCONNECTING
SHELVES REFRIGERANT
PLATE - SURFACE RIEING
EVAPORATORS
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EXHAUST AIR

140

EA DAMPER

44F

OA FILTER Lo o
DAMPER PIPING

54F — -

d TEMPERATURE

el S 95F  contRoL WEAT
> ZONE

PUMP _.
COOLING
CONDENSER
B TOWER

WATER
CHILLER 85F
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DIRECT EXPANSION SHELL-AND-TUBE LIQUID COOLER

Fluid In
Refrigerant )

Fluid Out

Shell \ Distributor.

Suction
Outlet

Head

// / el Refrigerant
Tube Sheet Liquid
X Tubes Inlet
Fluid Baffle:

D-X COOLER

REFRIGERANT
“TUBESIDE ”

WATER OR BRINE
“SHELLSIDE ”

141
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D- X COOLER
WATER & REFRIGERATION FLOW

142
FLOODED SHELL-AND-TUBE LIQUID COOLER
Refrigerant Dropout
Head Scl)ﬁll:tn Area gﬁg:t Head
N N\ NS
w7 | b
£ :
Flll:‘ld — Al E 5 E
: Shell / Tubes _/ L‘l
Refrigerant
Liquid
Inlat
144
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FLOODED COOLER

(b)

Figure 7.3 Shell-and-tube evaporator, flooded REFRIGERANT WATER OR BRINE
“SHELLSIDE ” “TUBESIDE ”

145 146

CENTRIFUGAL
COMPRESSOR “\'71'7 ¥ M

P

e I

' =
CONDENSER

COOLER

147 148
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CENTRIFUGAL CHILLER EFFICIENCY PROGRESS

TERBOCOR CHILLER

0.1kW/TON = 9.9 billion kg of CO2+ 6.3 grams SO2,
+3.5 billion gms NOx OR =3 MILLION CARS OFF ROAD
OR = PLANTING 600 MIL. TREES

149 150

Johnson Controls YZ Centrifugal Chiller with magnetic bearings & PACKAGE CHILLER
R1233zd Refrigerant-Winner AHR EXPO Award 2018 PHE —CHILLER/CONDENSER L.P. PACKAGE

151 152
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TEKO AMMONIA SCREW CHILLERS

CO2 AMMONIA CASCADE CHILLER

153 154
SHELL & PLATE CONDENSER & CHILLER
PROPANE CO2 CASCADE CHILLER WITH MULTIPLE COMPRESSORS
155 156
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oduct features and

Plate Pack
fully welded

on outside.
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159 160
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161 162

163 164

41


http://www.google.co.in/url?sa=i&rct=j&q=Plate+freezer&source=images&cd=&cad=rja&docid=e4DPr9LbYDcHwM&tbnid=mK9ixwOZatKSIM:&ved=0CAUQjRw&url=http://worldbase.xm15.host.35.com/products1.asp&ei=vZVjUcXGG-ec0AXMmoGQBg&bvm=bv.44990110,d.ZGU&psig=AFQjCNHGHb0eI2fEuwMfUNWvGD_xIP9ayw&ust=1365567190025210
http://www.google.co.in/url?sa=i&rct=j&q=falling+film+cooler&source=images&cd=&cad=rja&docid=bYM29DbiOrxWKM&tbnid=YrfbXkpcsR9DqM:&ved=0CAUQjRw&url=http://www.anthermo.de/en/heat-exchangers/falling-film-chiller-sherd-ice-generator&ei=2pZjUcy0AsKc0wXltICwCw&bvm=bv.44990110,d.ZGU&psig=AFQjCNFZfqeG23IDcGbya2XkfO1n8V-Vdw&ust=1365567568475841

10/30/26

FALLING FILM CHILLER PLATES

‘_ BACK PLATE

— S
REFRIGERANT =P~ N\ \_—FRONT PLATE
CIRCUIT
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170
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172
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(a) Falling film evaporator (b) flooded evaoprator

173 174

175 176
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Characteristics Spray Chiller newly | Earlier flooded
installed chiller removed

Shell diameter-inch 48 60

Tube length-ft 17 24

Tube OD-inch

No. of passes

Pressure drop-psi
Ammonia Charge-lb/TR

177 178

179
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