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PRESSORS : ‘. 5 the heart of refrigeration Tystjelm’ because it
mps the bloodthrough Umpy
o bOd;%

50082 ar to the heart which pu
ough the systell'

rocating com
ressor sucks the low pressur

13.1 cOM
The Compressor i

refrigerant thr
13.1.1 Recip

The reciprocd
during 1

pressor
e and low temperature refrige
Tfant

h pressure and high temperag,,, , '™

troke and delivers it at hig ‘
are built in siZes ranging from a fraction of hor ety
Se

r refrigerating plant ranging in sizes Ol
compressors are satisfactorily useq om (3
This is preferable for high COmpresswlth the
lt)nrati

0

evaporator
condenser. The reciproca

to several hundred horse P : JUSSCE
ton to 1000 tons capacity Per unit. The reciprocating
CH,Cl and most of the freons.

refrigerants as Ny 22/ :
fic volume refrigerants.
are cooled by means of water
ets,

and low speci
The head and cylinder of the high capacity compressors
Low capacitycompressors by providing the fins on the cylinder head. This
ty compressors when F_,,is used as refn%}g: aﬁf
t

cooling is more effective an
pecause of the low temperafu

The are two different types of compresso

(a) Single acting vertical compressors.

(b) Double acting horizontal compressors.

There is one delivery of high pressure I
compressor and two deliveries from both sides of the pistons for ea
compressor.

The sin
below :

(@) Number of cylinders

(b) Arrangement of cylinders

(c) Speed of cylinder

(d) Staging of the cylinder.

The double acting hori { .
As both the sides of thge pi;ltﬁ?sltzlrec?:plgzzz ftzqmre? more space compared with vertical cylinder
preates possibility of leakages. More consideratriapl(-i P and pressure changes, there i
subjected to high and low temperature alte on in design of stuffing box 1s required as its
alternately and provides more chances of leak:lnately bfecause stuffing box contractsand expands

ge. Considerably long stuffing box d to prevent
g box is used top

are cooled just
d sufficient for low capaci

re of gas at high perssure:
rs in general use.

efrigerant for every revolution for single actj
ch revolution for double acﬁ;‘.':g1

gle acting compressors are further classified according to the conditions considered

o

ermetically Sealed Com
i o pressor. In ordinary compre f
o B SS ug
place where the shaft cﬁr?;: ;t tlsﬂfonnected to the driving moct):r tl;e cf&;nk =i EXtem‘i; tc}iu: ;‘e

u .A's e

leakage of refrigerant otuside or leaiough th(,e SOLIpressor housing Thj:e;S gtibe prtzvlmvent e
the working of the compressor. To 'age. of air inside. With best ty .e f alnecessafy : Pelo o
and motor are enclosed in Oné il d\{01d the complete leakage ;} tﬁ seals, the leak deV mg o
using which is known as L -e refrigerant, the O e
ermetically sealed compress?” e

motor in the housing i

_ g is exposed

e s t)}?pe fto the low vapour refrige : . 0.
of com gerant which helps for cooling alS:c-, the
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FQUIPMENTS
133 ™

o ATION
ARICE o ~
R ol rieer : Saes P s
) [he Jeakage of retrigerant 1s (‘un”\h\h.l\. avoided
B It is Jess NOISY than the ordinary svstems
l! ‘ . . =1
() Being more compact requires small space
L E. .
_ope of construction is generally used for
This tYP* il . 5 _"'*"‘“.\ used for small capacity refrigerating systems as
hold refrigerator or small capacity coolers, T
hgu:-l :
131.2 volumetric Efficiency of Reciprocating Compressor
v ‘.. OC '-‘1 ~) e A ’ "
a reciprocating COmpressor, w hen the piston reaches the end of its compression stroke, a

In
. [ T'C /S e ai S 1 C 1S 10 ,
stion of 835 always remains in and is not discharged from the cylinder. The _pace in the cylinder

. the gas at the e F discharee .
d by the gas ¢ nd of discharge stroke is known as the clearance volume and it is

xcupie
xpressed as the percentage of the stroke displacement volume

ufllﬂll_\. e
-learance is always neces ;
Some clears always necessary and desirable to provide cushioning and to preve

<ton slap on tlle;_\f\l}ﬁdetrhhead. Cle-arancc is objectionable becuase the capacity of two similar
aving the same piston displacement will be smaller for the machine having

nt

mpressors each
creater clearance.
" The volume ¥, of gas in the clearance space of a

compressor is at discharge pressure p, and as the Pz 3\ —
«ton moves out on its suction stroke, this \
emﬁq;;ped gas in the clearance re-expands, finally
whing viume ./, when the cylinder pressure has
énpped to the system suction pressure p,. The valve
x the compressor operates by differential pressure
nd therefore cannot openuntil the pressure in the

N
B, . > 1
glinder is less than the perssure in the suction line s Ve + Ve
fom the evaporator. Thus a fresh charge of gas

annot enter until the piston has swept out the & v f———— vy—
c s

Vplume (v - v,). The effective piston stroke

dlS]placement remaining for new charge is thus — v (Volume)

oly v as shown in Fig. 13.1 instead of full

' 1 L Fig. 13.1 P i

dsplacement v, which would be available if nom?npmssor feggore gl disaenlor
dearance existed.

pv" = constant

=)
—

—p p (Pressure)

P Suction pressure of compressor,
p, = Delivery pressure of compressor
v, = Stroke volume of the compressor,
v, = Actual volume of gas taken in,
Urs Clearance volume,

v/ = Volume of gas after re-expansion,

1 = Index of compression and expansion.

The ¢
learance voume v, is always presented in terms of stroke volume, so that the percentage

tea
wa (C) is given by
C= %‘ < 100. w(13.1)

The v 8
pe"trol‘e g.lumeh'ic efficiency of the compressor is defined as the ratio of actual volume taken in

WVided by the stroke volume.
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vl
_J3.1.6 Rotary Compressors

There are mainly two types of rotary compressors :
1. Rotary compressors with one stationary sealing blade and egcentric rotor.
2. Rotary compressors with sealing blade which rotate with ecentric shatt.
These compressors are generally preferred with fractional tonnage refrigeration applications.
[n single blade rotary compressor, a cylindrical roller rotates on an eccentric shaft and shaft
is mounted concentrically in the cylinder. The rollar touches the cylinder wall at a point of minimum
clearance as the roller is eccentric with the cylinder. The roller always touches the cylinder wall as
it rotates on the shaft. A spring loaded blade mounted in the slot of the cylinder as shown in Fig,
13.7 moves 1 and out of the slot to follow the rotor as the rotor rotates. The compression process of
this compressor is illustrated in Fig. 13.7 showing different positions of the rotor.

| (a) Cylinder is full of gas at start of (b) Compression started and beginning of
compression. suction stroke.
o Q Q
o &0 50
] L] —
E < <
S S S
& .8 -4
| (&) A A

-,

WVARVRNANL O

o
D
e SN
:_.?-1-)\‘
ol

A

(c) Discharge and suction stroke (d) Discharge and suction are (¢) Discharge and
half completed. near completion. suction strokes are completed.

» To condenser
_Discharge port

Fig. 13.7. Rotary compressor with fixed blade.

The construction of another type of rotary compressor Discharge
is shown in Fig. 13.8. A series of blades are mounted on a  reed
periphery of a slotted rotor. The blades are free to move in
and out of the slots provided on the rotor. The blades move
outward against the cylinder due to centrifugal action during
the rotation of the rotor. These blades follows the contour of
the cylinder wall as the rotor is eccentric with the cylinder. Froé

The suction vapour is entrapped between the adjacent _evaporator 0il
blades as shown in the figure. The vapour is compressed as Fig. 13.8. Rotary compressor rotary vane
the vanes rotate from the point of maximum rotor clearance type.

-4 Rotor
Rotur vane
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p]ications was made by Dr, \\ri“igc
nrri::r

osor for ret! ‘

and it is discharged with a cop
velocity head is further Con\,eS]derab‘.;
in pressure per stage of Cer:ttr i,
e reciprocating compressor, g U

,]l com P rese

rifug:
5501

" The use of cent
in 1920.
The refriger _ o of the impelle
tside edg be diffuse

high velocity at the 0 throught ingle sta

> > head by passing with singlé stag i

pressure bly smaller compa pressor, a mulhstage System isz?r&'
o,

- T 1 fu
compressor 15 con51d.era e ifug e ' 3
s Compiesm?;itﬁzislli chcgmber is shown in I1g: 13.10 (a) an iagram is Sho\\-nkid'
A three-stage system c .
Fig. 13.10 (b)-

The following points must b

(a) The baffles must be provide
droplets with vapour which may da

e noted with centrifugal compressor refrigeration sy Sy
path of refrigerant to prevent the flow of i
Uig

d in the suction :
mage the compressor impeller.

Multistage - @

compressor
Condenser
@Al = C SA
@ 6 T 5| < 1
e ! | 81 A
5 9 6/ 57"
@ Evaporator @ === RS- L
Receiv 3 :
5 ! er Ay DY | { . V
g ! / .
Flash ® Enthalpy—»
chamber R
(a) Refrigeration syst i :
system with centrifugal compressor. ! :
(0) p-h diagram.

Fig. 13.10.

(b) The power requirem

pressure of the system, The £ ent of the compressor dr

essure | asti : . _
s may be dye cally increases with an increase "

to E _
and the leakage of air or non-condensit®
non-condensible gases must be used

impe] )
peller to the vapour is used to increas

The total nead devg]oped by . Sme l\raPOu
o gle lmPtﬂler is given b

Ve y
Where zg
and f;= Tota] head —
i P( % Stiphera] velogtt;es

preSSUr f
where ¢ head) pH< P-V2 Whee] j;, m/sec
3 28
e essure i, |, (13.],,)
Density of ;
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(iR ) e ol y
mting oils cont B 1327 =

[l the ain more of sk
A ting if the temperature of oil is reqy e bel(‘:"\:x and p
2 )

Lcipitd . . ]
Pnf,Jl?ich this precipitation starts is known ag 5 |
atv orature) Jubricating oils are preferred.
fem orator forming a wax layer on the e

i evap : vVaporator surfac
in € ace
" ying the low temperature refrigerant to the evaporator,

The floc-point is theoten.\perature of the oil at which the wax will
Jixture of 90% F_m.and 10% oil by volume. The o] soluble refrigerant 11
1o well as pour point also. The floc point property 0

13.1.14 Methods of Lubrication

araffins, Thege

a particular temper
& point. Low clog-point

gh clog point oils create the

contents will start
ature. The temperature
(below the evaporator
{ difficulty in heat transfer
and in flow by clogging the tubes

start precipitating from a
: . wers the viscosity of the oil
1S very important for oil miscible refrigerants.

The methods of lubrication used for refrigeration system
(a) Splash lubrication.  (b) Forced Feed Lubrication.
In splash lubrication system, the crank case acts as a sump for lubricating oil. The crank-shaft

ond connecting rod dip in.to the oil sump. Each revolution of the crank-shaft splashes the oil on the
rubbing surfaces and lubricates. This system is preferred for the compressors below 10 kW capacity.

In the forced- feed method, the oil is forced under pressure with the help of pump through the
system and the oil comes back under gravity after performing the lubricating function into the
sump located in the crank case. This system is used for high capacity compressors.

13.2 CONDENSERS AND COOLING TOWER

are divided into two main groups :

This is alnother important component of the refrigeration system which needs more
consideration in design and construction. The condenser removes the heat from refrigerant carried
from evaporator and added by compressor and converts the vapour refrigerant into liquid
refrigerant. ‘

It is an heat exchanger in which heat transter takes place from high. temperature vapour to
low temperature air or water which is used as cooling medium. Two considerations are necessary
in design for effective functioning of the condenser as given below : -

(a) Effective temperature differential. (b) High .heat transfer coefficient. |

There are different types of condensers and selgchon o‘f condenser depends Epon the capacity
of the system, refrigerant used and medium of cooling available.

13.2.1 Types of Cooling Medium

The cooling mediums provided by nature are air and water. Both can be used as cooling
ilabili i >nt.

Medium ejther si arately or combinedly as per the availability and l'CL]ulreIoTlt. O u

X d for condensing temperatures of 15°C to 20 C above the

; 2°C above if water is used as cooling medium. The

um is 55°C to 60°C where with water it

Air-cooled condensers are design
mperature of the entering air and 6°C to 1

; i tur 11 air as cooling medi o
l:g‘lifgimgytfg‘ l;f:‘a = ad(;stect)zv:ct?ldensing with water also depends upon the purity of water.
0 . The temperature

ed with clean water if the
ve the temperature us .
ik d may be 2 to acobe ric air is 40°C, water 1s often
availablf wa:l;:eisai?ﬁte Wl'le)r:ever the temperaturée of atn:otsl;:femmm e
Wailable at 25°C, th )f’ re the choice also depends upon the teml
’ erero

conde
) ater cooled con
Few more factors considered with k

Tl m]uircd in nir-cnnlm/l Ct‘)nt;llfl'ISL‘["l 1;) 2?\ ;(:
3 . i edium. The 9" ; 7 (o 20 litres/min./lon de s
B ey, mQ/:::r:lg of CfOOI[l::fo_];i tion, wheieas quantit

3 Jlon of relrige ’

u X !
Pon the source of water (well or 'y main).

nsers are listed below :
air or W

antity of airr .
y of water 18
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ar [1CAY = ° = PLQyy: 1]
erl ture differential betweq,, 0 V'qu _
condensers is 4 to 5 “]mo A

: 2 b

_ire 0.5 to 1 m® areg n,, S Bre. %,
ers requ!! P toy n;'”"-'
Ty

aner rates increase with an i,
£ or

V (.;“‘l.

it tra H -~ l Y 1 -~
e hel* 0. - for air-cooled condeng, ‘
1 velocities 'S are N
: N

0 to 180 m/min.
are officient of condensing side Mosy
o1 CO vty viscosity ancj latent by
ypeof REFEZ ot as den® yroperties 1€ gigerent fordlff.ere“tmfriupw. ‘
4. TP " ihe refﬂgter 5, As thgséP ply different. The conde‘nsmg S“ffa:. an
consider? z,onia due to poor physical Proper; (_z _)“‘fg-

“S g

the P“’Peﬂf jven in c sole b
s . 0 2 .
about heC - cvefficients " ch greater than &
isn

chiorinated re{T'% The heat transfer coeffic-ient also f?p s HPon the U
sbove: g efﬁgeran{- se oil presence with the re rigerant giveg e
5, Purity 0 oo oil and aif becau ble with chlor inated refrigerants, Tp, Prp:.r

. orant as free I s more noticea : L .
;:r";ﬁl transfer. This ffa;t::tlir e rapidly and reduction dep upon the Percen,
rate O 8

,‘r' de,
"

at 1o N

condli T
0y

also reduces the : i : :
present. Jassified on the basis of the cooling medium used. (a) Alr-cooled con
The condensers are clas ¢) Evaporative condensers.

13.2.2 Air-cooled Condensers

The air was not considered as an econ et :
refrigerants. This is because the condensing temperature of NH, was limited to 30°C qye+,

condensing pressure and air temperature often excéedeq above 30°C in many of the coy;

The use of freons as refrigerants allowed to use air as coolant for condensing temp:
above 30°C under normal condensing pressures. Nowadays air-cooled condensers are -
used for domestic refrigerators, freezers and room air-conditioners,
the mﬁ;r“ﬂatof‘ of air ey, be by natural convection or force convection. The area requi
i s coe%{g:ﬂﬂiloll\} is coaxlmderably. large compared with forced convection due to s
Parhog atural convection condensers are used for small capacity purp:

feingerators, water coolers and i oL .
In 0om air-conditioners.
case of forced convection condens PEe L

blower. The force conyect; €15, the air is circulated through the condens”
cond veetion condensers are £, d,:: &

enser, (b) Remote ajr-cog) tther divided into two eroups : (a) Chessis?

“The x 0Ooled CondenSer. g p

d’lab‘ls m()unted cond
small uni[sl d\E compr, I.'l €nsers are mourlt@d o th R 1o
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i
The arrangement of natural and force convection condensers is shown in Figs. 13.20 (a) and (b).

The forced air cooled condensers are designated as draw through or blow through air flow as
. With a draw through design, the face velocity across the coil is more uniform

fectively used. But hot discharged air from the coil flows over the fan * motor
the fan & motor

niform than the

shown in Fig. (13.19)
and the coil is more ef
so they should be designed to withstand higher air temp. In blow through desing

has ambient air flowing over them, but the face velocity across the coil is less u

draw through design.

Stéftic Co.ndensers. Small units like ' Gondenser Condenser l
domestic refrigerantors, water coolers, 000 0,00
freezers use static condensers where the heat 000 000l

rried away by natural rention (h X 000
carried away by nafural conv ention (heat SIOKo +«— Motor} [\ +— 0.0
rejection) is limited to 300W. O — %%0°

: s 000 O O Olg

It comprises a copper tube which may qoronns 0°0.0
have wire fins brazed to it and located oRon S 1) ~r ozooo
outside the refrigerator. The present trend 020204_ OIIONES
is to embed it on the isside wall of the e CEoRI
refr.igerator or freezer so that the entire Blow Draw.
cabient wall acts as one large fin. Italso keeps  [j, throush fiouet

the cabient wall warm and free from =————

condensation. Fig. 13.19
Rating of Condenser. Condeners are rated in terms of total heat rejection (THR) which is the

heat absorbed in the refrigerator and work input to the compressor Q +W=m (h,— h) where m_is
the mass of refrigerant passing through condenser and and h, are the enthalpies of refrigerant

entering and leaving the condenser.
In condenser, the refrigerant looser heat by desuperheating, condensing and sub-cooling. The
desuperheating and subcooling occupies 15%, surface area where as condensing is carried out in

85% of the surface area of condenser.
Advantages and Disadvantages of Air-Cooled Condensers over Water-Cooled Condensers
1. Simplicity of construction.
2. No handling problems.
3. Piping arrangement for carrying the air is not required.
4. There is no problem of disposal of used air.
5. Fouling effects are very less compared with water.
6. Installation and maintenance costs are considerably less.
7. High flexibility.
The disadvantages are listed below :

1. Poor heat carrying capacity.

2. It requires very large quantity of air as 300 m? per ton of refrigeration per hour.

3. These condensers are seldom used for refrigeration units over 5 tons capacity because
power required to drive the fan becomes excessive and fans noise becomes objectionable.

4. The major disadvantage associated with this type of condenser is that the condenser gives
lowest capacity when the outside air temperature is highest and this is usually the time when
greatest capacity is required.

5. Air-cooled condenser operates at a
System delivers 15 to 20% lower capacity.

greater condensing temp therefore, the refrigeration
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condeng er
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p Fan
— Receiver
T Y e =

plate High pressure liquid refrigerant
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Fig. 13.19. (b) Forced convection

air-cooled condenser.

3

Fig. 13.19. (a) Normal convection air-cooled
condenser.

The air-cooled condensers are preferred under the follo

1. Minimum corrosion is the major requirement.

2. Inadequate supply of cooling water.
3. Expensive means of water disposal.

13.2.3 Waier-Cooled Condensers

Water-cooled condensers are always preferred where adequate supply of clean and inexpensive
means of water disposal are available.

In _air—co_ndition.h'ig plants, it is possible to harness the exhaust air with integrated heating
and reﬁ'.lgeranon. Switchable systems for heating in winter and cooling in summer are particularlv
ec_ononu;al. Becauseby flttm,c?r the condenser in the exhaust air duct, it is possible to lower the condensation
pressure during cooling operation and hence the input to the compresor. When heating cycle is used the
o sporion st canbe e by midng st i o vl and s

: ’ Cla where the 1 . : s
cooling load. This narrows the span {etWEen evae);ha;St air comes from rooms with high u1temal
the C.O.P. of the system. poration and condensing temperatures increasins

The heat from evaporator ab

sorbed b i
OB;Sfﬁcfngerant and heat of compression 1s clis,sil:'ated to
e i t}:;rable amount of energy lost in this way can now
i 6‘;‘:%}‘ a water-cooled heat exchanger which CJ‘T
for domestic, commercial or industrial

wing circumstances :

be recovered by directing the hot refriger
produce large quantities of warm water
at no extra running cost.

. oun
refrigerant through and Water-co(:]‘)f energy lost

water at 50 to 60°C for domestic, ¢

Such type of condenser
se
are shown in Fig, 13.20 (c). il

in thi :

ed heat exchanger stgay can be recovered by passing H ¢ pot
. o O

ommercial or ing ich can produce large quantities ‘

: ustrial : el
signed by Alfal e uses at no extra running cost.

va . foatul®
] COmpany’ West Germany and 15 feal
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Gimilar type is also designed by Pl irethiana

poucette Industries, New York, US.A. titled  5am ot waler qutlet
as desuperheater. The device is available for  jnsulation
residential or industrial systems using all 7777777777 777777,
refrigerants as NH,, solar fluid and A 7
chlorinated water. it also features the — 2l Guide cylinder
protection of vented double walls and '/ X
mechanically cleanable water tubes. The ?
company also offers a free computer e 2 | /| Heat
program to ensure correct sizing for the most = 0 l exchanger coil
economical condenser with the lowest = 4 /// 4 Q
possible cost and payback period. = E_,f:g
This category of condenser is divided ' \/
into two groups : , 72
(7) Water waste system. LLL 7 //////
(b) Reciculated system. f %
1V\_/’hen ?mple supply of inexpensive Refrigerant
water is available, then the water is taken connector

from the supply, circulated in the condenser
and disposed to the sewer. This system is Fjg 13.20. (c) Alfatherm refrigerant condenser designed

known as water waste system. by Alfa Leval, West germany.

When inadequate and expensive
supply of water is available then the water Hot gas to condenser
used in the condenser is recooled and used ) %
again and again in the condenser similar to YCondenser
the steam power plants. This system is Warm water
known as recirculated system. generally the  Refrigerant to sewer
water supply rate through this type of ";vp;;orrg',;‘;’:‘ e i a o fo
condenser is 15 litres/min/ton of Liquid city main
refrigerating capacity of the system which refrigerant
provides the most economical balance to receiver

between the compressor power and Pump -
power. Fig. 13.21 (a) Waste water system for condenser.

The two above described systems of coolig are shown in Fig. 13.21 (c) and (b).

Wy = Y Cooling
| ktower
C Condenser Y
Gas Make-up
refrigerant \—4—@_4_ water
n
Pump
. - H-__
Liquid refrigerant
out

Fig. 13.21 (b) Recirculating water system for condenser.
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13.3.5 Shell and Tube Evaporator

The construction of shell and tube evaporator is similar to the construction of shell .and
tube condenser which is shown in Fig. 13.50. In this evaporator, the refrigerant is expanded into
the tube and chilled water is circulated through shell. If the evaporator is operated flooded then
the water is circulated through the tubes and liquid refrigerant is passed through the shell. The
height of the liquid refrigerant in the shell is controlled by float valve not shown.

Many times, the liquid refrigerant is sprayed through the nozzles into the shell and the
water is circulated through the tubes. The liquid refrigerant collected at the bottom of the shell
is again recirculated with the help of pump. The arrangement gives high heat transfer coefficients
and requires a small units compared with other arrangement for the given duty.

Dry expansion shell and tube evaporators are used for the units of 2 tons to 250 tons
capacity and flooded evaporators are used for the units of 10 tons of 5000 tons capacity.

13.3.6 Shell and Coil Evaporator

———am

These types of evaporators are generally dry-expansion type. The arrangement of the
evaporator is just similar to the shell and tube condenser which is already described. These
evaporators are desired when the temperature of the outcoming water is above 5°C which

prevents the possibility of freezing.

Liquid Vapour

n ot Cooled brine

}:, in
ZP—-' _
e e e
Cooled wmet ____________

[ out

-_-Jq_Water
Q_J i.n
— Cooling Soe=oosoo o —— oo o o
coil Wine to be
T cooled in
4— 1 an
Water a Hot brine
out out
 Fig. 13.50, Fig. 13.51. Double-pipe evaporator.
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13.4 EXPANSION DEVICES

This is one of the basic components of the refrigeration system. The functons performed
by the expansion device are listed below :

1. It must reduce the pressure of the refrigerant coming from the condenser and temperziz=
also as per the requirement of the system.

2. It must regulate the flow of the refrigerant as per the load on the evaporaior

The different devices which are used to perform the above functions are listad below -
Capillary Tube.
Pressure Control or Automatic Expansive Valve.
Thermostatic Expansion Valve.
High-side Float Valve.
Low-side Float valve.
. Solenoid Valve.

13.4.1 Capillary Tube

T

A capillary tube is universally used as a refrigerant control devices in refrigerating sySE=
which use hermetic compressor because of its simplicity, reliability, and cost Sa{'-jncr advantagss
Great care must be exercised in the selection of the capillary , e g; of a sysie®
to accept it. tube S -
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the application and anticipated range of operating conditions. A refrigerating system may be
said to be operating at the condition of capacity balance when the flov.v resistance of the
capillary is just sufficient to maintain a liquid refrigerant seal at the capillary i_nlet without
excess liquid excess liquid backing up in the condenser. At this condition, the capillary will be
operating at maximum efficiency (100%). Only one such point exists for any given d'ischarge
pressure. A curve through the capacity balance points for a range of compressor discharge
pressure is called the capacity balance characteristic of the system.

This device is only used for small capacity units like doemestic refrigerators, water coolers
and small commercial freezes. It is small diameter tube connected between condenser and
evaporator. The required pressure drop (pressure difference condenser and evaporator pressure§)
is caused due to heavy frictional resistance offered by a small diameter tube. The resistance is
directly proportional to the length and inversely proportional to the diameter. Different length
and diameter combinations are recommended for the required pressure drop and flow quantity.

The rate of flow for a selected capillary tube i the function of the pressure differential
between the condenser and evaporator. As the load increases in summer, the tube supplies more
quantity of refrigerant flow as an effect of increased condenser pressure (or pressure difference)
with air-cold condensers used on domestic units. Similarly when the load on the unit is reduced
in winter, the flow through the tube decreases as an effect of decreased condenser pressure. The
capillary is a self-compensating device over a limited range of pressure difference.

The relationship between the load, diameter and length is given in the table below.

kW of Motor | Load in kcal/hr Suction Tube Diameter | Tube Length in

? Temperature °C nm cms

0.25 700 — 333 1 90
0.25 700 —8i53 1.25 150
0.20 540 — 3.33 1 120
0.20 540 — 3.33 1.25 195
0.15 400 — 3183 1 180
0.15 400 - 3.33 1525 285

The use os this expansion device is limited to small units of maximum capacity of 1 toﬁ.
Advantages and Disadvantages of this Device

1. It is simple in construction and no maintenance is required.

2. When the compressor steps, the refrigerant continues to flow from high pressure side

to low pressure side until the pressure is equalised. This requires less starting torque to start
the compressor so a low starting torque motor (low cost motor) can be used with these units.

3. System using this device does not require receiver.
4. Its cost is also considerably low compared with other devices.

The disadvantages associated with this device, the refrigerant must be free from moisture
and dirt otherwise it will choke the tube and stop the flow of refrigerant. It cannot be used with
high fluctuating load conditions.

13.4.2 Automatic Expansion Valve

& theAutomatic (constant pressure) expansion valve works in response to the pressure changes
€vaporator due to increase in load (pressure increases) or due to decrease in load (pressure

t::":sses)- This valve maintains a constant pressure throughout the varying load operation on
Aporator controlling the quantity of refrigerating flowing into evaporator.
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Fig. 6.1
6.3 PRACTICAL AMMONIA ABSORPTION SYSTEM

The basic components of practical NH; absorption system are listed below and numbered on
plate-I. g

(1) Generator. (2) Analyser. (3) Rectifier. (4) Condenser. (5) Receiver. (6) Heat-exchanger (HE,)
or liquid sub-cooler. (7) Expansion valve (EV). (8) Evaporator. (9) Water-jacked absorber. (10) Pump
(P,). (11) Heat-exchanger (HE,) (Aqua ammonia Heat Exchanger). (12) Expansion valve (EV,).
(13) Pump (P,). (14) Pond containing cooling water. (15) Heating coil.

The system described in the last article is not very economical. However, by the addition of
certain auxiliary equipments, the economy can be sufficiently improved to make the system practical.
The basic auxiliaries included are an analyzer, a rectifier and two heat exchangers as shown in
plate-1.

The vapour which rises from the solution in the generator consists of ammonia vapour along
with small quantities of water vapour. Unless major part of this water-vapour is removed before the
vapour enters the condenser, this water-vapour may enter the expansion valve and freeze there. As
this mixture of ammonia vapour and water vapour is cooled, the water vapour condenses out first.
The analyzer performs the function of dehydration by bringing the vapour into contact with the
aqua richest in ammonia and by cooling the vapour with this aqua. If the dehydration is not complete
enough in the analyser, an added water cooled vessel called a rectifier may be used to complete the
process for sending anhydrous dry ammonia to the condenser. In the heat exchanger HE,, liquid
refrigerant is sub-cooled by using low temperature ammonia vapour. This sub-cooled liquid is passed
through the expansion valve to the evaporator. The mixture absorbs heat in evaporator and enters
into the water jacked absorber. Water jacketing to the absorber is provided to cool the hot weak
ammonia solution to increase the absorbity of the weak solution, then the strong ammonia solution
from the absorber is passed through the pump and aqua ammonia heat exchanger to the generator.
The weak hot solution from generator is passed to the absorber in the form of spray through aqua

ammonia heat exchanger. The weak liquid absorbs vapour coming from evaporator and becomes
strong in ammonia. .
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HIGH PRESSURE NH; VAPOUR

HIGH PRESSURE NHjz LIQUID

COOLING WATER

LOW PRESSURE NHj3 (LIQUID+
VAPOUR) MIXTURE

. LOW PRESSURE NHz VAPOUR _ STRONG NH3z SOLUTION

Practical Ammonia Water Absorption Refrigeration System

| WEAK NH;z SOLUTION




