NPTEL
NPTEL ONLINE CERTIFICATIOIN COURSE

Refrigeration and Air — Conditioning

Lecture — 15

Problem Solving

With Prof. Ravi Kumar
Department of mechanical and Industrial Engineering

Indian Institute of Technology, Roorkee

Hello 1 welcome you all in this course on refrigeration and air conditioning today we will solve a

numerical and some logical problems in the area of refrigeration.

(Refer Slide Time: 00:33)

Numerical

A 10TR refrigeration system is required for a food storage lacker.
The evaporator ftemperature of <20 °C and the condenser
temperature of 50 °C. The working fluid is R-134a. The refrigerant
is superheated by 5 UC in the evaporator. The refrigerant is
subcooled by 5 °C at the exit of condenser and befare entering the
expansion valve. The refrigerant compresses in @ double cylinder
single acting reciprocating compressor having L/D as 1.1 and 80%
volumetric efficiency. The compressor runs at 1200 rpm. Caleulate:

(i) Mass flow rate of refrigerant, kg/min
[i} bore and stroke of compressor, mm
[ili) thearetical power required, kW,
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We will start with the numerical a 10 TR reflection system is required for a food storage locker
the evaporator temperature is -20° “entigrade and the condenser temperature is 50° centigrade the



working fluid is R134a the refrigerant is superheated by 5° centigrade in the evaporator while
coming at the exit of the evaporator the refrigerant is sub cooled by 5° centigrade at the exit of
the condenser and before entering the expansion wall the refrigerant compresses in double
cylinder single acting reciprocating compressor having L / D as 1.1 L / D stands for length and
diameter ratio of compressor block.

And 80% of volumetric efficiency the compressor runs at 1200 rpm calculate number one mass
flow rate of refrigerant kg per minute bore and stroke of compressor in millimeters and
theoretical power required in kilowatts we will start with the thermo physical properties of

refrigerant and when raw the processes.

(Refer Slide Time: 01:32)

Refrigerant LMa (1012 Letrativorosthane) P'roperties of Saverared Liquld and Saturated Yapar

frov Genpy. Vobrae llult‘\;lt-. ‘llunv.. Smifcllen Wadial - Vot Theral Cado o
Teops uxs, tan ok L W X1 DL L (R ETTTT e s oWk Tene, lirgp*
X Nt gl Seper Lkt Vepar Tl Ve Lokt Yged Nopee gl Vageo L Vg Thad Vo e X
LR R L YU I Y 1% ST PPV C) P P P R T VI B S S GO TR U ARSI S USSR T L% 1}
[TEI B TS B A ST S S T L T U7 S I - N G S A T U LS 11 P8 B B U KT UK (I 1]
B TIANU 124 BRI leRM NN 04w L0 T T L T U S 10 B T "B T3 O 11 S S R I
w00 LAEIEY 120SY ZIOMIS MeSS1 82V aMAE TUN 1200 LY LIM T Y GES 38 10E A% B N
1 ARDS U4 C0 1D TN ESHG ITHE 13T M 8 NE R AN S s 50 B
I AWM A LN M RS M1 1N 1T % LIS M NS N0 e ik §15 1B R
JEEM Q10N ST CIONE KESS DY CAR LT 1300 IR LM N 14T GEI M N0 B BH AT
6 QINNY SN CLRRE IS DT (BN TTY 1S MG 0 N NfY O WS s M R RS N
SN 'l B G T T\ PREY A R D € 0B P. S S AT T I W PR ¢ | G 1) I &1 R (U7 B 10 B (S | L B
0 02600 1345 A1 D00 FeeE 1ANE LML OLML a8 LI (2 WA DL 16T R N Nk )
R T [ LS (1 27 R A R A B L B 7 ¢ b VL OIS iy S S U I (S b I (U1 B 1@ 1 2
0 0MNG R A DS w00) LGS LY S 00 L 0 i s e W2 Ay e g
4 (=0 BT B [E 0 RS TLC VI v P 15 1§ I U | S RO B U R 1
O LN ) Cae INAL DA 1N LR LSE 136 1 W I I RE W AT AW @
LUS R LS T 8 [T I A C N S UL B U | I 5 BB b AT R A 1 N ) L L B G £ F S | RV
4 [N
"
"

C T VLK B U T SRR DS [ BE L 1 B

14255 3 G N L1 L L e 18 WUOOIAY 1A 13T R LD AAl M

ERTI I R (] L e T O by A Gt A 1l e B eal T B 0y

IO a0 e 3 a0s 3% 2 T U B S ) 1) o W N N LU O ) e om
Ak 090 SN 0N Sl e w1 . w . 1 (g » . W aum

Sarprirenn 150w e e aan el aalegpan e ot

S AsFRAS wiw rdvai oy N IASHRAE MO o0t 2 o)

el - N
Nt ean

On temperature entropy diagram.
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Temperature and entropy diagram and the vapor coming from the neck evaporator is superheated
by 5°centigrade so state 1 is a saturation State 2 is the superheated state then the vapor is
compressed in a compressor state 2 to state 3 from state3 to state 4 D super heating takes place T
super heating of the vapor takes place four to five condensation of vapor in a condenser and then
sub cooling five to six and six to seven is expansion in expansion wall and then boiling of

refrigerant in the evaporator from state seven to state two to produce a refrigerating effect.

This is the entire cycle now in this cycle enthalpy of state one that is H 1 H one is the enthalpy of
saturated vapor at -20° centigrade this is 50° centigrade so enthalpy is vapor at -20° centigrade
that is 386.55 kilojoules per kg enthalpy of state two is not known to us but we know that from
state one to state two there is a sensible heating and the heating temperature difference between

state two and state one is 5° centigrade.

SoH 2canbe H 1+ CP & Tnown H one is enthalpy at state one that is 386.55 CP is the specific
heat of vapor at state one saturated vapor at -20° centigrade this value can be taken from the
properties chart at -20° centigrade a specific heat ofr134a is 0.816 & T is 5° centigrade that gives
the value of enthalpy at state two as 390.63 kilo joules per kg we noted here H two is equal to



390.63 Kilo joules per kg in order to find the compressor work we need to have the enthalpy at
state 3also since it is in a superheated state we do not have properties of superheated state here

but we have enthalpy at state4.

If we know the temperature at state 3we can find this enthalpy at state free as well temperature at
state 3 is not known to us we know one thing that property at state 2 is equal to property at state
3 so property sorry the entropy not property entropy at state through 2is equal to entropy at state
3sos2isequal tos3nows2we can find as s 1plus CP natural log T 2 by T 1 this is a sensible
heating process in during sensible heating the change in entropy can be written like this now s 1
again at my left was -20° centigrade can be taken from here -20° centigrade and entropy of vapor

is 1.7413 specific heat at -20° “entigrade is again 0.816 natural log of t2 by t1.

Now t1 is equal to - oh sorry — seven -10 + 273 that is 253 Kelvin it is superheated here by 5°
centigrade so t2 is 258 Kelvin now we will be putting here 258 / 253 and this will give us s 2 s
1.7573 kilo joules per kg that is the value of entropy at two so from here we have calculated the
entropy at state two and how we have calculated we have take the entropy and state one from the
properties child plus change in entropy CP natural log t2 t 2 by t1 using this relation we have
calculated the entropy at state two and entropy at state two is one point seven five seven three
kilojoules per kg Kelvin kg Kelvin now property at this entropy at state 2 is equal to entropy at

state three so s3 is equal to sorry s3 is equal to s2.
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So S3 is equal to 1.7573 kilo joules per kg Kelvin S4 is we know the value of S4 that can be
taken from the properties of R134A. And S4 is going to be is equal to sorry S3 is going to be
equal to S4 plus CP natural log T3 by T4. Now in this case P4 is 50 + 273 = 323 Kelvin. S3 is
given here 1.7573.
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S4 can be taken from here at 50°C entropy at 50°C entropy of the saturated require is 1.7072 +
specific heat 1.246 six natural log T3 by T4 is 323. So we have taken entropy at this point plus
change in entropy while heating from here to here and. We got this expression and from this
expression natural log of P 3x3 23 is going to be equal to 0.04037.
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And from this we find the value of P3S 336.3 Kelvin, so T3 is 336.3 Kelvin. Once we have the

value of T3 once we have temperature at this state the CPT 3 minus T 4 will give the heat
rejected reheat rejected during D superheating or,
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We can say that enthalpy at 3 H 3 is equal to enthalpy at 4 plus CP T 3 - T 4 enthalpy at 3 is
equal to enthalpy at four enthalpy at 4 it means 50°C temperature enthalpy of saturated vapor
that is 423.44 + CP 1.246 P 3 is 336.3-323. And this will give the enthalpy at 3S 440.01

kilojoules per Kg. So H3 will note down here 440.01 kilo joules per kg. Now after H3 we have to
find the value of H 5.
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H 5 we can directly take from the properties diagram that is the enthalpy of liquid by enthalpy of
R134A and 50°C that is enthalpy of saturated liquid. And this H 5 is we can take from here it is
271.62 kilojoules per kg. Now once we have the enthalpy at five the vapor is soup is sub cooled
by 5°C. So it should come somewhere here but because this is very close to the saturation line
we can always take this point at here on the saturation curve itself it is normally taken like this.
So the enthalpy at 6 enthalpy at 6 is equal to enthalpy at 5 plus because there is a sub cooling of

5°C CP A T and enthalpy of 5 is sorry not minus it is minus not plus.

So H5 is 271.62 minus CP of liquid refrigerant at 50°C and CP of liquid represent at 50°C 1.556
into 5, and that will give the value of H6S 263.8 kilojoules per kg. So H6 is 263.8 kilo joules per
kg. Now we have to find the refrigerating effect because superheating is taking place inside the

gvaporator.
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So refrigerating effect will be H2 minus H7 S6 is equal to S7 S6 is equal to S7 because it is an
isenthalpic expansion process and that is equal to 390.63 — 2603.8 and =126.83 kilo joules per
kg. In order to find the mass flow rate of refrigerant the total refrigerating capacities 10 tones of
refrigeration 10 tones of resolution means 10x3.5 kilowatts of heat removal rate multiplied by R
that is 126.83. And this will give the mass flow rate as 0.276 kg per second or 16.56 kg per
minute. So mass flow rate is 0.276 kg per second or 16.56 kg per minute.
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Numerical

A 10TR refrigeration system is required for a food storage locker.
The evaporator temperature of -20 YC and the condenser
temperature of 50 °C. The working fluid is R-134a. The refrigerant
is superheated by 5 “C in the evaporator. The refrigerant is
subcooled by 5 'C at the exit of condenser and before entering the
expansion valve. The refrigerant compresses in a double cylinder
single acting reciprocating compressor having L/D as 1.1 and 80%
volumetric efficiency. The compressor runs at 1200 rpm. Calculate:
{i)  Mass flow rate of refrigerant, kg/min

(i} bore and stroke of compressor, mm

(iii) theoretical power required, kW.
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Now we have mass flow rate of refrigerant with us with this mass flow rate of refrigerant we can
always find the power consumed inside the compressor and with this mass flow rate we can also
find the size of the compressor. Now in order to find the dimensions of the cylinder as we have
to find in this numerical bore and stroke of the compressor. So first of all will calculate the swept

volume of each compressor that is JI by 4 D? square into stroke of the compressor.
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Multiplied by RPM divided by 60 that is revolution per second that is a total volume handed by
the compressor it is a double cylinder compressor this is the total volume handed by per
compressor per second meter cube per second multiplied by volumetric efficiency will give us.
The actual volume of refrigerant vapor handed by the compressor per second and that is going to
be equal to zero point there is going to be equal to mass flow rate of refrigerant divided by two
because there are two compressors so each compressor is handing half of the refrigerant

multiplied by specific volume of vapor.

Now we know the relation between | and | by D is equal to one point one so we can always write
Pl by 4d square into 1 point 1 D into 1200 divided by 60 volumetric efficiency is 0.8 mass flow
rate is point .76 divided by 2 multiplied by 0.125 and this will give us the D cube s 1 point 2 4 8
into10 to power minus 3 P to Q or D s 0.1076 meter or 107 point 6 millimeter or approximately

108 millimeter.

So D is equal to of each compressor is 108 millimeter multiply this D by in to 1*1.1 in point will
give us length of the stroke is 118.8 millimeter and that is approximately 1.9 millimeter so

length of the stroke is 119 millimeter.
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Now the last one is power consumed by the compressor power consumed by the compressor is
h3 minus h2 x mass flow rate of refrigerant now h3 is 4 for 0.0lminus H 2 H 2 is 390 point 6
3multiplied by mass flow rate that is 0.276 and this will give the power consumed by the
compressor S 13.63 kilowatt so power consumed by the compressor is you will get 13.63
kilowatt now we have answers for all parts of this numerical now the same numerical can be you
can be solved by using pH diagram we can also show these processes.
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Now in pH diagram now in creation diagram this is 23°C and this is 50°C vapor is super heated
by 5°C in evaporator this minus 20°C constant temperature line this is minus constant
temperature line so 50°C constant temperature line will lie somewhere here and if you extend
this line this is the state to so this is state one and this one is state two now after history to it is
getting compressed.

And we attain state three so this 50°C line constant pressure line is extended and a line is drawn
along the constant entropy line and we will be getting this point somewhere here that is the state
that is state three that is state three now after it's read super heating and state four is at a state 4 is
attained and after it straight for further condensation of refrigerant.

In the condenser state five this is state five at state five the temperature is 50°C since sub cooling
here sub cooling is taking place so this is a 50constant temperature 50°C lines this is constant
temperature 40°C line so 45°C is going to be somewhere here and this point will shift to 6 here
is the point 6 now from 6 to 7 expansion takes place in the vertical line cutting horizontal — 20°C
line and we will be getting point sorry 0.7 somewhere here this is 0.7 so we have drawn all the

points here if we take the values from this chart at different states the values are like this h2 is



equal to 390 kilo joules per kg H 3 is equal to 440 kilo joules per kg H2 we can take from here it
is 390 H3 is equal to 440 and H6 is equal to 265 kilojoules per kg now here if we take the

refrigerating effect refrigerating effect.

(Refer Slide Time: 21:04)
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Is H2 minus H7and the terrain is 10 tones of refrigeration so mass flow rate is 10*3.5 divided by
H2 minus H7 that is 390 - 265 and that is going to be equal to 0.8 kg per second from the
properties chart also we are getting points 276 and this will give us is equal to 16.8 kg per minute
work consume by the compressor w is equal to 0.88 H3 minus H2 so H3 minus H2 take directly

from here 440 — 390 and this compressor work is coming 14 kilowatt.

So either we solve using this properties table or from ph diagram we are going to get almost the
same values. But this ph diagram is very convenient to use you can see when we have taken we
had we assaulted through miracle using temperature into be diagram number of iterations were
done and number of equations were solved. But here from ph diagram we could directly take the

values of enthalpies at different states.
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Now after the ph diagram in the area of refrigeration there is there are certain logical queries like,
if we open the door if we leave the door of refrigerator open in a room will the room the
temperature of the room will go down or not. In this case if in a room is a control volume if we

keep a refrigerator and leave that refrigerator room door open.



(Refer Slide Time: 22:03)

The room will not get cooled because here we consider a room as a system and there is no heat
transfer across the boundary of the room right. Whatever energy is coming to the room it is in the
form of electrical work and that electrical work the energy will increase the temperature of the
room. So in fact if in this room if | keep a refrigerator and leave the door of the refrigerator open
the temperature of this room will raise they are certain other interesting queries also in

refrigeration.
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A woman informs an engineer that she frequently feels
cooler in the summer when standing in front of an open
refrigerator. The engineer tells her that this is not
possible as there is no fan in the refrigerator to blow the
cool air over her.

A woman informs an engineer that she frequently feels cooler in summer when in standing in
front of an open refrigerator. The engineer tells her that this is not possible as there is no fan in
the refrigerator to blow the cold air over her. So when you must have also felt when you open the
refrigerator door you feel is to get a feeling of low temperature from the refrigerator side. The
reason being when you are standing in front of an open door refrigerator the temperature inside
the refrigerator is low so the heat loss from your body in form of conduction and convection heat

transfer takes place and that gives you the feeling of coldness in front of a refrigerator.
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The hot water will freeze faster than cold water in a
refrigerator. Is it true?

Now in third query which is the hot water will freeze faster than cold water in the refrigerator is
it true some people conducted the experiment and what they took they took hot water in a tray
and placed in the refrigerator freezer. And noted the time for the ice formation then they took the
tap water placed inside the freezer of a refrigerator and noted the ice formation time ice
formation time for hot water was less than the ice formation time for cold water so in this case
actually this is thermodynamically it is not possible if the temperature is high definitely more

time will be taken by the machine to remove the heat.

But what happens when you keep the hot water tray in the freezer this happens in old refrigerator
where refreezing the arrangement was not there. So the all the ice which is formed on the
evaporator coil gets melted. So the moments you place the hot water plate inside the freezer the
all the eyes on the freezer coil gets melted that is why the refrigerating effect is improved and the
formation of ice is faster. However in the case when you place the normal water inside the

freezer this ice layer on the or the frosting on the evaporator coil remains there.



And that hampers the heat transfer of the cooling rate and we get the feeling that the hot
temperature ice is faster than the coldwater wise but this is not thermodynamically or
scientifically it is not possible and it happens only in the case when there is a no defrosting
arrangement because in the old refrigerator there was no arrangement for defrosting. So in those
refrigerators the defrosting arrangement not there this type of elusive effect can be witness. Now

| end my lecture here and from the next lecture we will start with the properties of refrigerants.
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