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B.E.
Seventh Semester Examination, Dec-2006

REFRIGERATION AND AIR-CONDITIONING

Note 1 Attempt any five questions.

Part-A

(). 1. (a) What are the advantages of air refrigeration? Derive an expression for COP of an air refrigera-
tor working on Bell Coleman cycle,

Ans. Advaniages of Air-Refrigeration ; The following advantage can obtain as :
* Air-available always,

* No-cost.

* Not required extra container or cylinder.

* Mot pollutant,

* Ozone friendly.

* No operating cost.

Reverse brayton cycle or bell-coleman cycle :
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T ['3 ks a
T
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T'“ TEET]
V —>
Waork done during the cycle = Heat rejected-heat absorbed
CD{T?. - T]] - 'I:P[Tj = T.| }
Heat absorbed =cy(Ty - Ty)
COP = Heat absurbed ‘:p{TI -Ty)

‘ Workdone  ¢p(Th = Ty) =, (T, - Ty)
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We know that for isentropic process 1-2.

And

U LA
T \P

Since P; =P; and P, = Iy

2 N = I = B
EJ] r o AL (rp)
P..; P,
’ n n
Wy = “—:"{131‘-’: ~pvi)= ;‘_'—‘[RTz -RT})
n
Wy = ‘m{.i}z\"z ~pvy) = n—n_-l{RT;; ~-RTy)

Network = ;E:i {RT2 =Ty )= (T3 - Ty))
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ep(Ti - Ty)

“—ri—1 x R[[Ti ~Ty)~(Ta-Ty }]

COoPr =

R=cp-cy =¢yfr-1)

‘:p{TI ‘T4:'

COP = :
—xe,(r- IH{Tz —T|}—{T3 —T,:]] I

=

Q. 1. (b) Describe with a sketch a bootstrap cycle of air refrigeration system.
Ans. Boot-strap air cooling system :

L
Gas Turbine Compressor
Ram Air
F—F enter
|

Combustion
Chamber

Heat il
exchanger ?c:

Air to
cabine

Ths type of air-cooling system used in transport vehicles, Where two compression, two heat exchanges
and two turbines installed.

The process 1=2 —» Isentropic ramming process,
Process 2-2' —» Isothermal process.

Process 1-2'— Actual ramming.

Process 2'-3 — Ideal compression.

Process 3'-2'— Actual compression process,
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Process 3'-3°-4 — Heat exchange.

Process 4-5-5'— Ideal/Actual secondary comp.
Process 5-5'-6 —» Secondary heat exchanging,
Process 6-7 — Expanding isontropic.

Process 7-8 — Cabine supply

, Secondary
3~ comp pr.

3, Main comp

- —

Ideal pressure line
Actual ram pressure

cabins pr. line
' Arm blet pressure line
Tﬂ Gk

7
§ —
Quantity of air requires m, .
210Q
my, = ————kg/ min
g ¢p(Ty -Ty)
Where Q = Tonnes of refrigeration,
Power required for refrlgerating system.
—— ki)
Pp= &0
cop=—219Q

m_cF{T_;, - TI} .

Q. 1. (a) Discuss the effect of operating conditions on the performance of Vapor compression refrigera-
tion system. '
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Ans. Vapour compression refrigeration system : [tis the close type system which contain the circulation
of refrizerants (very low boiling temp). does not leave the system and it circulated in entire cycle regularly.

In this refrigeration system. the refrigerant. Take the latent heat of cooling space and delivered it in the
condenses. Where the water regularly easing this above heat or through air

Mechanism :
7 evaporator
Cooling

S - _expansion
¥ Spce Eﬂ/v valve

L

_’5@/7 Receiver
COM

Condenser

ComM

Compressor

The component used.

Compressor : It take refrigerant from low pressure from output of evaporation and after comp it out the
high pressure and temperature.

Condenser : [ts cool the refrigerant and deliver to capillary.

Capillary : It expand the refrigerant to, temp. and pressure decrease at very low.
Evaporator : This space is belongs to where requires maintain temperature.
Advantage:

* lts capacity/performance batter.

* It is compact size.

* It has less running cost,

* Itcan be implode large range of temperature,

* COP is quit high.

Q. 2. (b) Explain with a neat sketch the working of a steam jet refrigeration system, What are the
advantages and disadvantages of this system over other types of refrigeration system?
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Ans,

——Ou—>

Condenser

([ e

Flash S
%-—]cha:her
Steam /// / /AE !

Make
MNozzle wateurp

YT PPN F VNI esi
Cool water 4‘

Hot
water

(Steam jet refrigeration system)

Performance : The system of steam jet as the "mass of steam required per tonnes of refrigerate on with .

the decrease in temperature of chilled water (evaporating temperature) or increase in pressure of condensing
vapour,

ta // % \}
30 £ : 18 <~ "h-‘t
ol o ﬂ__,-""'/ :/: Iﬂ\\\%” cm vacuum

: ~
0 /’4 6 omes 70 em of vacuum
* hl-hﬁ

0 = 72.5 cm vacuum
0 25 5 15 10 4

7 10 13
~—% Cond pr. cm’ of Hg Water temp ——»

wmplion
N

Steam cons
kg/HrTon

Where Fig. (a)Forcomparing condenser Prvs, steam consumption
Fig. (b)Chilled water temp v.s steam consumption

Ifthe refrigeration load drop: the ref capacity of the steam jet unit should be reduced. This can be done by
throttling the steam before entering the nozzle but this method is not practical because if make the operation of
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ejector unstahle at low pressure of motive steam. At low loads the fow of steam through some nozzle is cut-off.

). 3. (a) A cascade refrigeration system, using R-22 and R-13 is required to produce 20 tonnes of
refrigeration at —70°C, Heat is rejected in eascade condenser by R-13 at -5°C to R-22 at - 15°C. The conden-

sation in the water-cooled condenser is at 40°C. Assume simple satarated cycles for both the circuits.
Determine :

(a) Pressure vatio and mass Now rate of each cascade.
() COP and piston displacement ol each cascade
{cy COP of combined system.

Ans, Cascade refrigeration sistem wsed

R .2, Rojs.
Capacity Cy=20TR
Ty = =70+ 273 =203k
Heat rejection
Rijyol 273=-5=268k=T,
Ry al 27515 =258k =T )
)
p 2
h—>
Condensing process at 40¢ =T, =273+ 46 = 3134
So.

P, =0.3745 bar by steam 1ahle.
h; =2237
5 = 1054 kel kgk®

h, = 275k / kg
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py = 2458 bar

hg, = hy =222k) (kg

% P _ 2458 656
Pg 6318 o4
ps 1044
2000 210x20
YRy -hy  2237-222
=208kg/ min for R
my(hs —hy)  208(275-222)
ms = =
R e~y 1742 - 549
Fﬂf. R—l.-'!-

Ma = 44{!31':5 S min
(by COP for each unit of displacement,

R, = my(hy —hy) =210%20 = 4200k / min for R_,, .

For R_j31 ¢
REj = my(hs = hg)
=44.08(174.2 - 54.9)
= 5258k} / min
Wy = m,{hy -h,) = 208(275-223.7)
= 1067kl / min
W5 = 44.08(207-174.2) = 1446 k) / min
RE; 4200
. COP for R =W, 1067

(COP),_,, =3936].

in/
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5258
I:COF}R_” T 446 ’

21020
C =————— =| L6TI3TR
) (COP) e 1067 + 1446 -
. 0. 4. A single compressor using R-12 as refrigerant has three evaporators of capacity 30 TR, 20 TR and

10 TR. The temperature in the three evaporators is to be maintained at —10°C, 5°C and 10°C respectively. The
condenser pressure is 9.609 bar. The liquid refrigerant leaving the condenser is sub-cooled to 30°C. The
vapors leaving the evaporators and dry and saturated. Assuming isentropic compression, find (a). The mass of
refrigerant flowing through each evaporator. (b) The power required to drive the compressor, and (¢} COP of
the system.

Ans. D1=3i}m.l|ﬂl|j =0
Q‘: =20TR , 3=ty :t||-5"C
Q;=W0TR, 1g=tg=1g =10°C

1o =40°C, 1; =30°C
By the chart,
hy =18319k) ' kg

sp = 0.702k1 / kgk®
hy = 18965k / kg

s3 = 0.6943k) / kgk®
Vapour refrigerant leaving at 10°C.
he = 191.74kJ / kg

3 = 06921k] / kgk®
In order to obtain the condition of refrigent leaving the first compressor at 2.
hy = 194.1kJ ' kg '

hg =1953kJ/ kg

h = 207.18%1 / kg

hey = hg = 6459k / kg
xg=013

b, = hip = 4537k) / kg

.in/
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Xy =004

h!’“ = hl:’ =4ﬂﬁqkq|'l"kg

{a) Mass of refrigerant through compressor.

_210Q; _ 210x30
h! = h|1 IEJ-}"“U.&?

Mg, =m,

=442kg/ min
Mass of refrigerant requires to circulates in Second evaporator.

oy o 2100y 210x20
2 hy-hyp 18965-4537

= 29.1 kg / min.

me, (hy —hg)  765(1953-191.74)
hs - hg 191.74 - 64.59

m} =

=2.14kg / min.

. Mass of vapour formed mg, = 76.5ke / min.

" Xﬁ A3 ]
L L L
™3 m‘j[!-xg} I-13

= 1147 kg / min
Total refrigerant passing through Third compression,

=T765+165+214+1147 = |06.61 kg / min
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(b) Power required to drive,
m (hp—=hy)  442(194.-183.19)
Pi= 60 B 60
=804 kw
My (hy —h3)  765(1953 - 189.65)
P50 60
=T2kg
me,(hy—hs)  10661(20118-191.74)
M= 60 ) 60)
=274 kw
Toial power . =pi+p2atm
=804 +72+274 =4264 kw ,
(cyCOP,
Rg =210(Q; +Q; +Q;)
= 110{3ﬂ+23+- 10) = 12600k / min
Total work done =w=80xp

= 4264 » 6l = 25584 kg min

. 2
COP = Ry _ 12600 —497TR
W 25584

Part-B

Q. 5.{a) Prove the following relations :
Py
| p‘s

" H:LE&{M]
" Ws  ps1-p/p

iy w= 0.622

I = . S
(i) ¢ = T e, 7p-
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Ans. (i} In air-conditioning system from dalton low
e = Pa TPy
Sperific humidity : 1015 mass of water vapour present in | kg of dry air
For dry air
Pa-¥y Ty, and Ry P, pressure, volume, temp.r 5, gas constant of dry air similarly, water vapour,
PV, Tam Ry
Pav¥a = MaR,T,

Pyvy =MyR,T,

Also, Vg =Vy
Pv m, R,
P, MR,

I"\' R.I. L

Humidity ruio W= E = _R-:Ih"a—

Where, R = 0287 ke b for dryv air
R, =0461 klMkgk far water vapour,

W= ?gli = 0632 r'.?
0461 p, Pa
o = Pa*Py
w = 0,622 x P“——I :
- Pt~ Py
(i} We = W,

p. = Partial pressure.

S0, degree of satueratinn
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0622p,
e ,h[ph—pg]
| b 2-} T
wy U62p;  polipp-py )
Ph—Ps

-—

\

S

(iii) Relative humidity

povy =m KT,

Pavy = mR T,

T\. ng

R, =R, = 0461 kikgk®.

ml p\'
s0 ¢= o Br
m; Py
1-Be L
p=Br|__Pu i Ph "
Ps | - Px |—dsP2

Ph Ph

i)
i)
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Q. 5 (b) Calculate :

(i) Relative humidity

(i} Humidity ratio

(iil) Dew point temperature

(iv) Density

{v) Enthalpy -

of atmospheric air, when DBT is 35°C, WBT is 23°C and the barometer reads 750 mm Hg.

Ans. Given, ty =35, tw =23"; pp = 750 mmoffig.

pp = 750 % 1333 = 099975 bar.
From steam table,

P, = 002808 correspond to wet bulb temp.

p. = 0.05622 correspond to dry bulb temp.

pigh _(po-pulltg - tu)
%, LA T YT

(99975-02808)(35 - 23)

p, = 002808~
1547 - 144 = 23

| 1.66
151388

p, = 0.02808 -

p, = 002037,
(i) Relative humidity

(i) Humidity ratio,

0622p,  0.622x.02037
Ph =Py 0997502037
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01267
= —=00129
ey 001293

w =00293

w=1293g/ke |.
(iii) Dew point temperature from chart.
(iv) Density,

5. < Mpy-py)
Y R, Ty

_.01293(99975-02808)
T 287(273435)

5, =01537kg/m” |.

(v} Enthalpy,
hpap = 24614

h=1022tg + w{hgp +23tg,)

h= 1022 x 35+01293(24614 +23x 17)

h=ﬁl}..‘-khkg!.

Q. 6. A hall is to be maintained at 24° C DBT and 60% RH under the following conditions :
Outdoor conditions 38"C DBT and 28°C WBT

Sensible heat load in the room 46.4 kW

Latent heat load in the rom 11.6 kW

Totalinfiltrated air 1200m? / hr

ADP 10°C.

If the quantity of recirculated air is mixed with the conditioned air after the cooling coil, find the
following :
() The condition of air leaving the conditioner coil and before mixing with the recirculated air.
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Ans. Hall maintain at,

24*C DBET o
& = 60% RH in side condition.
= ]

DBRT =38"C
WRT=28"C
Sensible heat load =464 kw
Latent heat load =116kw
Out side condition,
ADP=10"C
Total infiltration air = 1200 m” / Hr
So, cidy =24°C, $ =60%
ld1 =18C
wy = 28°C
Q. =464 kw
QL = | L6 kw

V) =1200m* / b

ADP=10°C

Hall

tdy =24°C
§=060% Ry

_)_Oﬁ—
@ Cooling @
coil

©Y

Mixing

First of all work the out door condition.

VS = 0907 m® kg of drug air.

Enthalpy hy =896kI kg
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hy =53kJ /kg
hy =68kl /kg

Vv, 1200

Vg, 907
= 1323 kg/Hr.
. Sensible heat gain due to filtration,

=my(hy =hy)=1323(68-53) = 19845k) / kg

my =

19845
=T = §5kw
3600
And latent real gain to filtration.

1323(89.6 - 68)
3600

=m(h; ~hy)=

] SHF scale —»

A
RSHF = 0.726

i

=794 kw

RSH =464 +55=519kw
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RLH =116+ 794 = 1954 kw

RSH 519

= =726
RSH+RLH 519+1954

RSHF =

Now, tdy = 16 by chart.

‘4 =%,
Q. 6. (b) The condition of air before entering the hall
Ams. Condition of air before entering in Hall length 2-5 = length 2 -4 04 .

tds = 208°C
ts = 70%
Q. 6. {c) The mass of air entering the cooler,
Ans,
m. = Total massheat ~ RSH + RLH
© " Totalheatremove  h; —hg
5190 +1954
= — = f
o4 ookels
= 390kg / min, .
Q. 6. (d) The mass of total air passing through the hall
Ans,

my =06my +390
390 .
— =975kg/
My = 04 = g/ min
Q. 6. (2) The bypass factor of the cooling coll.
Ans.

- _1d,-ADP _16-10
BPF =4, —ADP  38-10

Q. 6. (1) The refrigeration load on the cooling coil in TR.
Ans. !

=0214

() Refrigeration load on cooling coil,
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= m[h;—hy] = 390(89.6 - 42)

= 18564 kJ / min
= EE{E =8BETR
210

Q. 7.(a) Explain in detail the design of summer and winter air-conditioning systems,

Ans. Summer air condition : The summer air-condition may be design on the basis of the following
condition.

* [Depends on the type of installed condition.

* Depend on the amount of cooling required.

. .Elusis of the humidification required.

* Type of refrigerant used.

* Type of explanation devices used in the system,

The schematic figure may given as :

conditioned

space

Oarside =
Alr—— =, K‘

|_— Heating coil

~RCHTH (D
u—.. 1
Eriper — > -
=
Filter Cooling Sump  Fan
coil
Fig. Summer Ale,

Winter air-condition : In winter air-conditioning system. The aif is heated which is generally accompa-
nied by humidification. The schematic arrangement of the system is shown,
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{onditioning
l — — space
Chn
side —a ==
AT — =

Re-heate oil

Filter Frc\-hea;:r\
Humidifier

The outside air flow through damper and mixed up with recirculated air and this mixture passed through
filter for remaving dust and impurities. The air now pass through a preheat coil in order to prevent the possible
freezing of water and to control the humidifier,

This winter air conditioning system: is produced for used in winter.
Where required heating and humidifier.

(0. 7. (k) A restaurant with a capacity of 100 persons is to be air-conditioned with the following
conditions : :

Outside conditions 30°C DBT and 70% RH
Desired inside conditions 23"C DBT and 55% RH

Quantity of air supplied 0.5m? / min/ person.

Desired conditions are achieved by cooling, dehumidifying and then heating. Determine (a) Clpﬂi;t}' of

cooling coll in TR (b) Capacity of heating coll (¢) Amount of water removed by dehumidifier (d) Bypass factor
of the heating coil, If its surface temperature Is 35°C.

Ans, Given :
Number of person =100

tdy =30°C . §) =70% ., tdy = 23°C.
$y=55%.v = 05m’ min/person.

v) = 05x100=50m" ' min

First make the putside condition at 30° 1y & 70% RH at chan.
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iy

E—m

Lo

From chart, vy =0885

50
= =565 min.
Ma = 0885 kg/min

-

{i) Capacity of cooling coil in TR,
hy = T85 kl/kg of dry ajr.

hy =378 kikg.
Capacity of cooling = my(h; ~hy)
= 56.5(18.5~378) = 2300 kJ/min.
Capaciry - o= [10957R]
e 210 '
(ii) Capacity of heating coil,

= my(hy —h3) = 565(47.6-378)
=54 k}min
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554
2.
{iii) Amount of water through dehumidifier : By psychrometric chart,
wy = 00188 ki'kg of dry air

wy = 0.0095

Amount of water = mal:“"z = "-"J:l =
= 56.5(0.0188 ~0.0095)
=0525kg / min
=0525x60=315kg/h .

(iv) By-pass factor :

tdy = Surface temp of heating coil =35°C

tdy = 135°C
ppp=tds=tda _ 35-23 e
s ~tdy  35-135
BPF = 0558 |,

Q. 8. (a) Deseribe with a sketch a centrifugal compressor. Where are centrifugal compressors pre-
ferred over reciprocating compreasors in refrigerating system?

Ans, Centrifugal Compressor : The centrifugal compressor for refrigeration system was worked and

generate. Head due to functioning of centrifugal force and its generally used for refrigerant that require large
displacement and low condensing pressare; such R-11, R-113the single stage, number of curved vans

fitted on impelier.

The some advantage of centrifugal compressor :

* . Since the :enuiﬂ:gai compressor have no valve, piston, ﬂ}’“ﬂdﬂ etc., 50 comparative working life

more than reciprocating one.

* These compression operate with little or no-vibration. So, no, unbalance mass.

* The operation of centrifugal comp is quief & calm,
*  The centrifugal comp run at high speed 300 rpm.
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* Efficiency also, quit high.
The main disadvantage is surging phenomenon.

So, from above discussed matter it is clear that the centrifugal compressor is the batter than the recipro-
cation Compressor.

Easing

i fluser

{‘mlriﬁl:gal comp.

Q. 8. (b) What are the desirable properties of an ideal refrigerant? Discuss in detail secondary and eco
friendly refrigerants.

Ans. Refrigerant : [t is the heat carrying medium which take heat from cold medium and deliver it in to hot
medium. Under the control condition.

Properties of ideal refrigerant :

* Law boiling point.

* High critical temperature.

* High latent heat of vaporisation.
* Low specifie heat of liquid.

* Low specific volume of vapour.
* Mon-corrosive to metal,

* Non-flammable, non explosive,

* Mon-toxic.

* Low cost,

* Easy to highfied at moderate temperature & pressure.
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* Mixed well with oil.
* Easy to locate leakage etc. by order eic.

Ozone friendly : Traditionally used refrigerant emitted cfcs. So, ozone layer goes decreased, But not a
matter for discuss. -

It is requires to used ozone friendly refrigerant which always exists in India. It not goes bad impact.

Secondary Refrigerant : The secondary refrigerant not take the parts for cooling the medium. But it
required for the cooling in intermediate one.

-

" The brine is the most important used in ice plant; so. some 504, R -3 etc. sop 2le.
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