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B.E.

Seventh Semester Examination, 2009-2010
Refrigeration & Air Conditioning (M:-403-E)

Note : Attempt any ffve questions. All questions carry cqual marks.

Q. 1. (8) Differentiate Between the refrigeration and air conditioning.

Ans. Difference between Refrigeration & Air-Conditioning :

The air conditioning is that branch ol engineering science which deals with the study of conditivnng

of air i.e., supplying & maintaining desirable atmospheric condition for human eomfort, irtespective of

external conditions.
This subject, in its broad sense, also deals with the conditioning of air for industrial purposes. food
processing, storage of food & other material.
Q. 1. (b) Describe the various incthods of refrigeration.
Ans. Various Method of Refrigeration System :
(i} Simple air cooling system.
(i) Simple air evaporative cooling systen,
{iii) Boot s'rap air cooling syslei,
(iv) Boot strap air evaporative cooling sy stem,
(v) Reduced Ambicnt air cooling system.
(vi) Regenerative air cooling system.
' Simple air Cooling System :
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Fig. Simple air cooling system
Various process discussed as below :
(2) Ramming Process:

P . Ty = Pressurc & temperature of ambieni air,

b
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my = Mass ol air bled from main compressor for refrigeration purposes.
(iii} Cooling Process : Compressed air is cooled by the ran in the heat exchanger, Shown by curve 3.


http://studentsuvidha.in/

www.studentsuvidha.in

Qg = mau(T5-T1)

tiv) Expansion Process @ Cooled airis eapanided Bserrmopicadiv im conbing tnarhine,

Wy =, O (1 =I5

o) Retrgeratimn Process @ Sar o Cotrine TPk 1w st e calin & coct e cers Beirod b e

ST & CUCHPIILG

Ry =mgUolin, - e

C.O P ofaireyche == ——
Rians Wl dige

i £

m:L{.'I,{T,I L

|nn('n|:T_'; ) Lo L

Q. 2, Ab smmoniia Pefrigeration nzehine works between the temperatures of —1C and 3070, The
vapour leaves the compressor i drey aned satesaied condition aod temperature of the Boguid selvigesant leayving
the condenser is 3 'C. Find the Lograms of ice produced per KW-hour assoning sctiun) COP is 65% of
thearetical. The quantity of heat cirried per kg olice i 370 kdihg. The properties of ammonia are given

bhelow :
[ e C | he(kd/kg) g (i) o (hd /g~ K Se J
(kl/hg-K)
K] 4.5 2918 RIEE [RTE
e L] -8.584 323 —-0.033 1191
Ans. Given ihar, o -
=Ty =—10°C ;
263K
T, = To%- 303K
By, =y =285K1/ kg

I1|:~F =hg = -884K) kg

oy
!I:'!'l

290.8k0 kg, by, = 323K1 kg

by,
Assumi Cr, = [0

Loropy ot point 2
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1991 = n.r;tss»rzsxlmmg[lzu}

303
L}
rr 936
logl —& je——
= gtam} 109%23
T, = 440137

Enthaipy at saturated vapour at point 2

hy =hy +CpfTa~Ta)

= 200+1.09(440,137-303) = 439:47

I]-! 2 h]'.l

(COPY g5
 323-285
431947 - 323

(C.0.P),, =65%(COP),,
(C.O.P) = 16435,

. 3. (a) Draw a neat compact diagram of Electro-Lux refrigerator and explain its working principle.
What is the important role of hydeogen in this refrigeration system? What are its advantages over absorption
type refrigeration system?

Auns. Electro-Lox Refrigerator :

Ammainia
- = —ICcndcnsu}
A il ¥ Liguid ammonia
i 1 Hydrogen
L, Gienerator Evaporator
Absorber I
““"‘ﬂ
Y
Cras I"Ufa]'f 7 e b
solution "
burner : Ammonia & hydrogen

e
~

Strong solucwn
{i) Invented by Swedish Engincerin 1925,
(i1} This type of refrizerator is also called three fluid absorption system.,
Principle of Working :
(i) Strong NHy solution from absorber through heat exchanger is heated in the generator by applying
heat fram external source usually a gas burner.

During this process NI 3 vapours are removed from solution & passed to condenser.
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A rectifier is firted before the condenser removes the water vapour from the NH (. so that dry

{ii)

NH4 vapours are supplied to condenser.

(i  The hot weak solution left behind in the generator flow to absorber through the heat exchanger.
This hot weak solution while passing through the exchanger s cooled. The heat removed by weak
solution is utilized to raise the temperature of sirong solution passing through heat exchanger.

{iv)  The ammonia vapours in condens2r are condensed using external cooling source.

(v} The liquid refrigerant leaving the condenser flows under gravity to evaporator where it meens the
hvdrogen gas.

(vi) The H, gas which is being fed 10 evaporator permit the liquid NH; 10 evaporate at a low
pressure & ternperature.

(viy  During the process of evaporation the NH; absorbs latent heat from retrigerated space & thus
produces cooling effect.

Heat absorbed in evaporalor
COPp =—- T SR
Heat supplied o generator
Adlvantapes:

(i} The main purpose of this system is to eliminate the pump so that in absence of moving parts, the
machine became noiscless,

(ii) There is little chance for the leakage.

(iii) Total amount of refrigerant used is small.

RoleofH, :

(i)

(i
{iii}

Hydrogen being the lightest gas, used 1o increase the rate of evaporation of ligud NH . passing
through evaporator.

It is also non-corrosive & insoluble in water.

Used in fow pressure side of system,

(). 3. (b) What are the advantages and disadvantages of steam jet refrigeration system over other (vpes
of relrigeration system? b
Ans, Advantages of Steam Jet Refrigeration System :

(i) It issimple in construction & rigidly designed.

(it} 1t is vibration free system as pump are the only moving parts.

{ii) 1t has low maintenance cost, low production cost & highly reliability.

{iv) 1t has relatively less plane miass,

iv) It uses water as refrigerant, as water is safe (o use as it is non-poisonous & inflammuble.

{vi}) Systemn has ability to adjust quickly to load variation.

iviiy Running cost of this system is quite low.

Disadvantapes:

(i} System is not suitable for water temperature below 4°C,

(i} For proper functioning of this system, maintenance of high vacuum in evaporator is necessary.

I'his is done by direct vapourisation to produce chilled water which is usually limited as tremendous
volume of vapour is to be handled.


http://studentsuvidha.in/

www.studentsuvidha.in

O, 4. g Eaplain te workang of the following types of cooling tuwers with neat sketehes
11 Atmnsphene conling toaer (it Moechanical deaft cooling tower (i) Forced drafit cooling tower.

Aol seeceilfs thear applicitions.
S (i Adosphiene Cooling Tower : Atmospheric natural drafl cooling tower (Spray tvpel.
Spra header
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(i) 1o this tower. o Tan forees the air through the ower. o is operation, the water from the condenser
sprayed at the wop of tower through the nuzzle,

(i) The air s Sorced upward throvgh the tower by the propetlon fan provided on the side near ihe bottom
ol wwer as shown in fig.

(i} The condenser-warm water 1 coobed by means of cvapoiation as discussed carlier,

{iv) The effectiveness of cooling 'ewer may be improved by mereasing the heighe ol tower, arca of water
surfuve exposed Lo aie or veloeity uf e,

. 4.1b) Explain the working of the fullowing types of evaporators with neat sketehes ;

(i3 Finoded evaporator (i) Natoeal conveetion evaporator (iiil) Shell and coil evaporator (ivishelland tube
evapirior speciiy their application.

Ans. (i) Flooded Evaporator

Sucdtion
i

Fhant e

T LS L TR TR

it T:;_'I'

Me———\apour refricerant

aguid relrigerant : aers
1 i robery i 4 yyE— Liguid vapour misture
from receiver e e— T _ ] — y
= lle—r] T
PRI ey MRS (__.__
- - ;
FI l,-f"f ) Lvaporator
“lisa
=
ehamber /,-"/"—.-H-..“-
Lhguiad —

refeiperant A cenmubinor

For Flesded Evagroraior

1) o fooded cvaporator, o constant Haeio reingermt level is always maintained,

Lk A Aeat contiod volve §s used a5 anespansion devics which maintain constant ligueid level in evapora-
{or.

{i:) The liquid refriceram Som the receiver passesthroush o low side float contro! valve & aecimndaror
befove cntering the evaporator coil.,

{iv) The avcamulator servos a storaze tank for a liguid refrigerant. 1t maintain constant liquid level in the
evaporator & heps to separate the Jiewid refrizerant from the vapour returning to the compressor

(v} The accumulater supplies more liquid to evaporator in order to keep liguid level falls down.

{wi) Since the foat within loat chamber rest on liguid refrigerant at the same level as that in the accumuo-
Ltor, therelore the float alse falls down & ope the Hoat valve,

Advantage : 1he advantage ol Tooded evaporator is that the whole surface of evaporator coil is in contact
with ligquid refrigerant under all losd conditions,

it gives high latent heat transfer rates thas a dey expansion evaporator of same size.

Disady antage @ [Lis more expensive 1o operate because it reguires more refrigerant charge,

Application : Mostly applicd in chiemical & Tood processing ndustry.

Another type of flooded evaporator 15 the plate evaporator which is found in cold storages boxes &
{reczers.
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{it) Nataral Convection Evaporalor :

5 s
r Coil
- ) ' W
M ’
v ¢ v
fa)  Adr Circedation withat Batiles (b Air Circulation with baffles

(i) The natural convection evaporators are used where low air velocity & minimum hydration of product

is desired.
(i) The evaporator coil should be placed as high as possible in the refrigerator because the cold air falls

down as il leaves the evaporator.

Ciii) e velocity of air over the evaporator coil conside-ahle affects the capacity .

I this, the velocity of air depends upon the emperature diflference between the evaporator & space to be
cooled,

Application : Used in domestic refrigerator. water cooler & small freezers.

(iif) Shell and Coil Evaporator

Are penerally dry expansion evaporator to chill water.

Couling coil is a continuous tube that can be in form of a single or double spiral,

The shell may be sealed or open,

The sealed shells are usually found in shell & coil evaporator are used to cool drinking water,

Applications : Used in home freezer, beverage cooler ete.

(iv)Shelland Tube Evaporator : ;

(i} It consists of a number of horizontal tubes enclosed in a cylindrical shell,

(i) The inlet & outlet headers with perforared metal tube sheet are connected at each end of tubes.

(iii) When it is operated as dry expansion evaporator, the refrigerant cireulates through the tubes & the
liquid to cooled fills the space around the tubes within the shell.

(iv) The Aooded shell & tube evaporators are used for reltigerating units of 10 to 5000 TR capacity.

Applications : These are generally used to chill water or brine solution.

House-hold refrigerator, home treezers, beverage coolers, ice-cream cabinets, locker plants etc.

Q. 5. (i) Prove that the relation between degree of saturation and relative humidity is given by 10 an
expression

U .. .

E.I]' T {I _J"L}Pl'x
Ans. Relative humidity
m
o)=—1L
()=

Let P, Vy, T, m, & R, =Pressure, volume, temperature, mass & gas constant respect for water
vapour in actual condition,
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B, Vi, Ty, mg & R = Corresponding value for water vapour in saturated air.
We know, water vapour in actual condition
BV, =m,R,T, AD
For salurated air = PV, =m,R,T, A
According to definition = . VM=V, ET, =T,
R, = R, = 046!
From equations (i) & (if)

P
o Py = (1-p)Ps
Q. 5.(ii) A sling psychometric reads 44°C DBT and 30°C WBT, calculate the following :
{n) Specific humidity
(b) Relative humidity
(c) Dew-point temperature
() Enthalpy of mixture
{e) Specific volume of the mixture.
Assume pressure of atmosphere air to be 1.013 bar,
Aus, (a) Specific Humidity :
ty =44°C. 1, =30°C
P, = 1013 bar

P, = 00425 (steam table)
Partial pressure of water vapour

_{Fb - Py Hrd _'w}

1544 1.441,,

P, =P,

(1.013-.0425)(44 - 30°)
1544 = 144 » 30
P, =.0334468 bar
-+ Dew point temperature is saturation temperature corresponding to the partial pressure of water vnF:uur
/

=0425~
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L b o stea tabie, cormespondsng

P, = 0035 bar
Lan = 25PL
(i) Mekative Hlomidity @ From steam table, we find the pressure corresponding to iemperature 44°C,
P, = 0,095 1 bar

[, _ 333468
Wedative humidity P= 'iil_ T anenl
= ahT
D { e
to ) Speeific Humidiry <
oo O D62 330468

P, =P, 1.013-0.0334408

=021 2ke kg of Ay air
=202 whe of dreair

1) Degreg of Saluration @

Specific busidity of sateroted air

0A22P  DA2Zx001

LT g v R L o
Pp—P,  L0I3-00911
=465 ke ofair
. W 0212
Viigree o saluration - W, - 06115
Sd49
pom =

B = 34.49%

(e} Vapour Density

_W(R, -P ) 0212(1.013-.0334468).10°

[ s ey

Ryly 287(273 + 44)

= (2287 ke /n’ dry air.

O b Foileowing dats were colleeted in connection with design ﬂfﬂir-cunditiuning of u theaire
Tolal Seating Capacity = 351 persons

Almposphierie condition =34"C DBT and 70% RH

Comirt condition required = 22°C DBT and 50% RH

Sensibie heat given per person
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= 320 Ld e
Larent heat given por person = T00 L3 b
Scnsitve et doe wosolar cadistion and mliltated air

= Lot i bd e
Latent heat due to inhltrated air

= R D khhe
OQuantity uf fresh air supplicd

r (d 7 fersonimin
Desivabile temperatuee rise i theat oo

=§'C
Assumie the re-circulated air is sixed willy fresh aiv aler eavime the conditioner,
Compute the Bllowing :
(i) %o of tofal air cir culated
i) Refriperation capacity of conditioner coil
Assume the air lenves the conditioner with 100% KL
Ans,
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Supply Air Flow Rate: 0.4 m? / Person ! min
=04 %350 =140m° / min
RSH = 0.02044 v(tg, - tg, |

%:unzmxm{zz—tdq]

td.q = |H.Eflﬂ

Q. 7. Explain the following with neat diagram :

{a) Water cooled condensers

{b) Solenoid control valve

{c) Cooling snd dehumidifying coils.

Amns. (a) Water Cooled Condensers : A water cooled condenser in which water is used as condensing
micdiumn,

Wiuter cooled condenser may use either of following two water system,
(i} Waste water system (ii) Recirculated water system :
(i) Waste Water System :

Vapour refrigerant Hut vapour refrigerant
H .
From < & Water cooled condenser
evaporator

o Liquid refrigerant
Lompressor to receiver
Water from
\WMI water cit}l mai“
o Sewer

In this system the water after circulating in the condenser is discharged to a sender as shown in fig,

This system used on small unit & in location where large quantities of fresh inexpensive water & sewer
system large enough to handle the waste water are available.

(ii) Hecirculated Water System :

(i) The same water circulating in condenser is cooled & used again & again,

(ii) It requires some type of cooling device such as cooling water tower & spray ponds.

{iil) The warm water from condenser is to led to the where it is cooled by self evaporation into a stream of
air,

{iv) The water pump are used to circulate the water through the system & then to cooling tower which is
usually located on roof,
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Nupour refrigerant

frain L:wﬂmral.m \Hnl vapour refrigerant Cooling tower
Cd Warm -
water [
; Make up watgr
Cold
waterin L
Compressor J‘-:
Condenser water pump
—————> Liquid refrigeran

to receiver

{v) The make-up water simmply replaces the water that evapurates from the cooling tower or spray pond.

{b) Sulenoid Cuntrul Valve : A solenocidal valve 1s an electromagnetic valve for use with liquid or gas. The
valve is comrolled bv an electrical current through a solenoidal coil. '

The soleneid valve may have 2 or more parts in the case of 2 port valves the flow is switched on or cif.
Mu'tiple soienoidal valve can be placed together manifold.

Working Principle : It has 2 main parts ;

{1} solenowd

() Valve

Solenoid converts electrical energy into mechanical energy which in turn, open & close the valve me-
chanically.

{c) Cooling and Dehumidifying Coils ;

(1) The cooling system utilize 2 stage condensing unit connected with refrigerant piping to two face split
couling coil in an air hundling outdoor unit for mixed air preparation.

(ii) At low loads of required refrigeration & at temperature below 50°F at the dehumidification stage the
coil are freczing & the ice are closing 2/3 of air pass through the surface, causing a general malfunction of whole
systom. The low load control of the DX coil system seems to it through the compressor unloading & not by
pass. ;

0. B. Writc short notes on :

{a) Necessity of air craft refrigeration

(b) Effects of operating conditions on COP of VCRS

(¢} Necessity of compound compression

(d) Psychometric Processes

Ans. () Necessity of Air Craft Refrigeration :

The advent of high speed passenger air craft, jet aircrall & missiles has introduced the need for compact
& simple refrigeration system, capable of high capacity with minimum reduction of pay-load,

When the power requirement, needed to transport the additional weight of refrigerating system are taken
into account, the air cycle system usuaily prove to be efficient.
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r.a

by e g o=hy M h2h,

i
B -
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ic) Necessity of Compound Comipression :

i) in sanple vapour compression refrigeraticn system in which low pressure vapour refrigercn from
gvapuralon 15 compressed in single stage & then delivered to a condenser at ign pressure.

{1l Bu =ometime, the vapour refrigerant is required lo be delivered at o very bigh prosine ws o case ol
low temecrature refrigerming system,

LY L such cases enthcr we should compress the viapour el izerant by CIp b it i sin iy ST crmgar s
sor wiih 3 very high pressure rario between the copdenser & ovaporaler or Comprassor 14 11,0 01 Loanmessi
piaced it seres.

{iv} This compression carried oul 10 bwo oF qore comprasser called cormoun o CBALG COMITEE

Advantages of Compound Compression :

o Workdone per kg of refrigeiant is rectuced in componnd compression

iy dmproves the veliameiric W for given pressure maho

{ilij Reduces the leaknge loss considerably.

{iv) Gives more uniforn torgue so sinall size of Mywhce! needed,

{vi Provides effective lubrication because of lower iemperature raje.

ivii Reduces ihe cost of compressor,

gd) Psyehinetoe Yrocesses f Vacioos Psychemetric Poooess .

{i Suirai’z heating

(i Sensibis couling

vy M ification & delamdific ation

vivy  Cooeng & adiabatic humidifcation

(v Cooliog & homidificadon by waiker imjecicn

(vl Hezaloe & humidification

i) Humidification by steam injection

(viir) Adiabatic chemical dehunnidification

{ix)  Adiabatic mixing of air stream.


http://studentsuvidha.in/

