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Seventh Semester Examination, Dec., 2007
REFRIGERATION AND AIR CONDITIONING

Mote ; Attempt any five questions.

€. 1. {a) Explain with neat sketches the lce refrigeration and evaporation methods of refripera-
tion.

Ans. lce Refrigeration : The commercial ice is produced by freezing portable water in standard cans
places in rectangular tanks. The tanks are filled with chilled brine. For increasing the heat transfer from the
water in the can to be the chilled brine, the brine solution is kept in constant motion by agitators. The agitators
can be either horizontal or vertical and are operated by means of electric motors.
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The brine temperature is maintained by the refrigeration plant at —10°C to —11°C, The ammonia gas is
used as the refrigerant because of its excellent thermal properties, It also produces very high refrigerating
effect per kg of refrigerant and low specific volume of the refrigerant in vapour state. The high temperature,
hizh pressure ammaonia vapours are condensed in a condenser which may be of shell and tube type or evapo-
rative type. The condensed liquid ammonia is collected in the receiver and then expanded through the expan-
siun value. Due to the expansion, the pressure of the liquid ammonia is considerably reduces.

Q. 1. (b) Explain in brief which refrigerant(s) would you choose for each of the following applica-
tions & why?

(i} A cold storage 100 TR capacity using reciprocating compressor,
(ii} An 800 TR air conditioning plant using centrifugal compressor.
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(iti} A small tﬂpacliy frozen food cahinet to maintain —30°C temperature.
Ans. Type of refrigerant used :

(i) A cold storage 100 TR capacity using reciprocating compressor : These compressors are used for
refrigerant which have comparatively low volume perk and a large differential pressure such as ammonia (R-
Ti7). R-12. R-22 and methyl chloride (R-40). The reciprocating compressors are available in sizes as small as

i : . .
+ MW which are used in small domestic refrigerators and upio about 150 kW for large capacity installations.

(ii} An 800TR air conditioning plant using centrifugal compressor : This compressor increases the
pressure of low pressure vapour refrigerant to a high pressure by centrifugal force. The centrifugal compressor
is generally used for refriperants that requires farge displacement and condensing pressure such as R-11 and R-
113, However, the refrigerant R-12 is also emploved for large capacity applications and low-temperature
applications.

(). 2. A cockpit of a jet plane is cooled by a simple cooling cycle. Assuming the following data, find
the quantity or air passed through the cooling turbine and C.O.P. of the cycle. Plane speed 1200 hin/h,
Ram cfficiency 90% Ambient air pressure 0.85 kgf/cm?, Ambient air temperature 30°C, pressure ratio
ol the main compressor 4, [ﬂnptraml'e of the air leaving the heal exchanger 60°C, Pressure drop in the
heal exchanger 0.5 Kgf.n’:m Pressure in the cockpit II{gﬂ'cm temperature of air leaving the cochpit
15°C, pressure loss between the cooler turbine and cockpit =0.20 Kgffem?, Isentropic efficiency of main
compressor is 75% and of cooler turbine is 80%, load in the cockpit 10 tons. If the rise in temperature
in the cockpit is limited o 10°C and the air coming out from cooler turbine is mixed with the ram air,
tindl the quantity of ram air mixed per kg of air coming from cooler turbine. The ram air is throttled 10
balance the pressare.

Ans, v = 1200 knvhr = 333.3 misec.

Ty =25C=25+271 =298k
Py = I bar

P, = 0.85bar

Ty = 30°C = 304273 = 303K

P
g8 =10TR, 'Fi
E]R =902 =09

Ty = 60°C = 604273 = 333K

Py =(Py-05)
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Py=Ps=Pg+02=1402=12 bar
Ne =Ny =80% =08

v=14, Cp =1kl /kgK

The T-5 diagram for the simple air cooling system with the given conditions is shown in the figure.

Lt Té = Stagnation temperature of the ambient air entering the main compressor =T,
P, = Pressure of air after isentropic ramming
: P, = Stagnation pressure of air entering the main compressor.
We know that,

; 2 2
T1 = T: = Tl + v = 303 +—'—'—-———~{3333]

2000C, 2000 |
=303+555=3585K
to ot 14

%=[%]r—r : [%fi]t.-t—l ={],133}35 _—

Py =P x18=085x18=153bar
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We know that ram efficiency “

_ _Actual pressure rise Fi-F'|

R = lsentropic pressure rise Py — Py

_ P -085 P -085
153-085 068

= P =09x068x085 = |46 bar

MNow for the isenivopic process, 2'-3

v-]

S 14-1
BB SlalE =) < 1436
T, |R

Ty =Ty % 1486 = 358.5x 1486 = 532.7K
And isentropic efficiency of the compressor,

— Isentorpic temperature rise _ Ty —T;;
- €~ " Actual temperature rise T, - T,

_532-3585 1742
Ty-3585 T;-3585

08

. 1742
Ty = ~—= +3585'= 576 K
Y

Since the pressure ratio of the main compressor (‘E:'] is 4, therefore pressure of air leaving the main
compressor,

Py = P} = 4P, =4 x 146 = 584 bar
* Pressure drop in the heat exchanger = (. 5bar
». Pressure of air after passing through the heat exchanger or at entrance to the cooling turbine,
Py =Py —05="584-05=534bar :

Also there is a pressure loss of 0.2 bar between the cooling turbine and the back pit. Therefore, pressure
of air feaving the cooling turbine,
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PS = F; = Pﬁ +ﬂ',2= l+ﬂ.2'= HH!!-EI'
Now for the isentropic process 4-5 -
-1 14=1

; 5, [L«]T = [%]Tr = [445]"%% - 153

We know that isentropic efficiency of the cooling turbine

__Actual temperature rise T, ~Ts
% Isentropic temperature rise Ty —Ts

_333-Ts  333-T;
S 333-2176 1154

T; =333-08x1154=2407k

Quantity of air passed through the cooling turbine :
We know that quantity of air forced through the cooling turbines

2108 210x10
4 c,.[Tﬁ-T_;) 1(298 -240.7)

m =366kg/ min

C.0.P. of the system : We know that C.0.P. of the syslem

2100 210x10
i i ] = . 35264
macp(T3 - Ty) 365 1(576-3385) :

). X. (a) Explain the different methods of improving the COP of a simple compression refrigera-
tion cycle.

Ans, Methods of improving the C.0.P. of a simple compression refrigeration cycle :
1. Cyele with dry saturated vapour after compression.

Cycle with superheated vapour after compression.

Cycle with superheated vapour before compression.

Cycle with superheated vapour before compression.

w s e

. Cycle with undercooling or subconling of refrigerant.
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Theoretical vapour compression cycle with dry saturated vapour after compression :

I. Compression process : The vapour refrigerant at low pressure Py and temperature Ty is compressed
isentropically to dry saturated vapour as shown by the vertical line 1-2 on T-5 diagram and by the curve 1-2 on

p-h diagram, The pressure and temperature rises from Py to Py and T to T respectively.

The work done during isentropic compression for kg., of refrigerant is given by,

W= hz L h|
A 'y
r P
P, =P
T, =Ty 3} Cond. \, | 2 2 Cond. 2
o T -
' P - F b H
lemperature i N E ¢S
] .
Pressure {4 Bvap. |
:
i |
1
i 8 =5;
: s hy hy=hs  h hy p
Entropy Enthalpy —

h| = Enthalpy of vapour refrigerant at femperatum T, i.e., at suction of the compressor and

io = Enthalpy of the vapour refrigerant at temperature Ty , i.e., at discharge of the compressor.

2. Condensing process : The high pressure and temperature vapour refrigerant from the compressed is

passed through the condenser where ti is completely condensed at constant pressure P, and temperature Ty,

as shown by the horizontal line 2-3 on T-8 and p-h diagrams. The vapour refrigerant in changed into liquid
refrigerant. The refrigerant, while passing through the condenser, gives its latent heat to the surrounding con-
densing medium,

3. Expansion process : The liquid refrigerant at pressure Py = P and témperature T; =T, isexpanded

by throttling process through the expansion value to a low pressure Py = Py and temperature Ty - T, as

shown by the curve 3-4 on T-8 diagram and by the vertical line 3-4 on p-h diagram. We have already discussed
that some of the liquid refrigerant evaporator as it passes through the expansion valve, but the greater portion
is vaporised in the evaporator. We know that during the throttling process, no heat in absorbed or rejected by
the liquid refrigerant,
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4. Vapourising process : The liquid-vapour mixture of the refrigerant at pressure Py = Py and tempera-
ture Ty =T, is evaporated and changed into vapour refrigerant at constant pressure and temperature into

vapour refrigerant al constant pressure and temperature, as shown by the horizontal the 4-1 on T-8 and P-h
diagrams, During cvaporation, the liquid-vapour refrigerant absorbs its latent heat of vaporisation from the
medium which is to be cooled, This heat which is absorbed by the refrigerant is called refrigerant effect and it

is briefly written as Rg . The process of vaporisation continues upto point | which is the starting point and
thus the cycle is completed.

We know that the refrigerating effect or the heat absorbed or extracted by the liguid-vapour refrigerant
during evaporation per kg. of refrigerant is given by

Ru=hy—h=hi=hg [hg=hy]

Where, hy; = Sensible heat at temperature Ty i.¢. enthalpy of liquid refrigerant clearing the condenser.

It may be, noticed from the cycle that the liquid-vapour refrigerant has extracted heat during evaporation
and the work will be done by the compressor for isentropic compression of the high pressure and temperature
vapour refrigerant,

_ Refrigeranting effect  hy-h; hr'hr;

C.0.P. = = .

Q. 3. (b) Culculate the power required to compress v Kg/min of NH, from saturated vapour at 1.4
bar to condensing pressure of 10 bar by a two stage compression with flash intercooling by liquid
refrigerant at 4 bar. Assume the refrigerant leaves cvaporator as saturated vapour and leaves con-
denser as saturated liguid. Also find out the load in evaporator in tonnes of refrigeration. Calculate
power required without multistaging.

Ans.

P4 Saturated liquid
line Saturated vapour line
S AN
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my = 20kg/ min., Pg = Ldbar, Po = 10bar, Py = Py = 4bar

The p-h diagram for a two stage compression with intercooling by liquid refrigerant is shown in figure.
The various values of ammonia as read from the p-h diagram are as follows :

Enthalpy of saturated vapour refrigegant entering the law pressure compressor at point 1,
hy = 1400k} / kg

Entropy of saturated vapour refrigerant entering the low pressure compressor at point |,
S, =575k) ' kgk

Enthalpy of superheated vapour refrigerant leaving the low pressure compressor at point 2,
hy = 1527k Fkg

Enthalpy of saturated vapour refrigerant leaving the intercooler or entering the high pressure compressor
al point 3,

hy = 1428KkJ / ke

Entropy of saturated vapour refrigerant leaving the intercooler or entering the high pressure compressor
at point 3,

_ S =539k) /ke.k
Enthalpy of superheated vapour refrigerant leaving the high pressure compressor at point 4,
hy = 1550k] / kg
Enthalpy of saturated liquid refrigerant passing through the condenser at point 5,
hy, =hg =284k} / kg
We know that mass of refrigerant passing through the condoners (or high pressure comrpessor),

. my(hy ~hg)  20(1527-284)
®7 Thy-hg  1428-284

=21.73kg/min.

Work done in low pressure compressor,

wy = my{hy — hy ) =20{1527 - 1400) = 2540kJ / min.
Work done in high pressure comrpessor,

wy = my(hy —hs) =207X1550—- 1428) = 2651kJ / min,
And total work done in both the compressors,

w=w) +wy =2540+2651=5191k) / min.
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. Power needed =5191/60 = B6.5 kW

Power needed when intercooling is not employed : When intercooling is not employed, the compres-
sion of refrigerant will follow the path 1-2 in the low pressure compressor and 2-2' in the high pressure com-
pression. In such as case,

Work done in high compressor,

wyy =mj(hy —hy ) = 2001676 ~1527) = 2980kJ / min. [From p-n diagram, hy = 1676kJ /kg ]
And total workdone in both the compressors,
w=w +wy = 2540+ 2980 = 5520k / min.

Power needed = 5520/60 = 92 kW.
(). 4. Explain the following with neat diagram :
(a) Double pipe water cooled condenser
{b) Flooded evaporator
{c) Thermostatic expansion valve.

Ans. (a) Double pipe water cooled condenser :

I Heater out

’ Hot vapour
! __I_.—.l__' refrigerant fromcompressor

f.‘-.-i "-u s
i*u"“ L

Liquid refrigerant l
to receiver & .
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It consists of a water tube inside a large refrigerant tube. In this type of condenser, the hot vapour refrig-

' erant enters at the top of condenser. The water absorbs the heat from the refrigerant and the condensed liquid

refrigerant flows at the bottom. Since the refrigerant flows at the bottom. Since the refrigerant tubes are ex-
posed to ambient air, therefore some of the heat is also absorbed by ambient air by natural convection.

(b) Flooded evaporator :

Suction line

Float control
value

Liguid refrigerant
from receiver

Floar
chamber

Boiling liquid refrigerant

Liquid

refrigerant Accumulator

Ina flooded evaporator, a constant liquid refrigerant is always maintained. A float control valve is used
as an expansion device which maintains constant liquid level in the evaporator, The liquid refrigerant from the
receiver passes through a low side float control valve and accumulator before entering the evaporator coil. The
accumulator serves as a storage tank for the liquid refrigerant. It maintain a constant liquid level in the evapo-
rator and helps to separate the liquid refrigerant from the vapour returning to the compressor. Due to the heat
supplicd by the substance to be cooled, the liquid refrigerants in the evaporator coil vaporisen and thus the
liquid level falls down. The accumulator supplies more liquid to the evaporator in order to keep the liquid
refrigerant in the evaporator at proper level. In this way, the level of liquid refrigerant in the accumulator also
falls down. Since the float within the float chamber rests on liquid refrigerant at the same level as that in the
accumulator, therefore the float also falls down and open the float valve. Now the liquid refrigerant from the
receiver is admitted into the accumulator. As the liquid level in the accumulator rises and reaches to the
constant leave, the float also rises with it until the float control valve closes.

Since the evaporator is almost completely filled with liquid refrigerant, therefore the vapour refrigerants
from the evaporator is not superheated but it is in a saturated condition. In order to prevent liquid refrigerant to
entire into the compressor, an accumulator is generally used with the folded evaporations The liquid refriger-
ant trapped in the accumulator is re-circulated through the evaporator.

(c) Thermostatic expansion valve : The thermostatic expansion valve consists of a needle valve and a
scat , a metallic diaphragm, spring and an adjusting screw. In addition to this, it has a feeder or thermal bulb
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which is mounted on the suction line near'the outlet of the evaporator coil. The feeler bulb is partly filled with
the same liquid refrigerant as used in the refrigeration system. The opening and closing of the valve depends
upon the following forces acting on the diaphragm :

I. The spring pressure (Pg) acting on the bottom of the diaphragm.
2. The evaporator pressure (Pg) acting on the bottom of the diaphragm.

3. The feller bulh pressure (Pa) acting on the top of the diaphragm.

Suction line

JL Capillary wbe
Evaporator Z

Spring—{5 ' Staider

Spring adjusting screw

Q. 5. The following data refers to steam jet refrigeration system. The steam supplied to the nozzle
=17 bar (abs) and dry evaporator (Flash chamber) temperature = 4°C, temperature of make up water to
fash chamber = 17°C, condenser pressure 0.06 bar, Nozzle efficiency = 0.9, entrainment cfficicncy =
1.6, compression efficiency = 0.7. Determine the following ;

(a) Mass of motive steam/Kg of flash vapour.

(b) Refrigeration capacity/Kg of flash chamber.

{c) Mass Mow rate of motive steam per ton of refrigeration.

{4} Volume of vapour leaving the flash chamber/ton refrigeration,
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(¢) Dryness fraction of steam from flash chamber. Assume the quality of steam at the entry to the
thermo-compressor = 0,92,

Ans. Pp = 7 bar
tw =4°C
taw =17°C
Pe = 006bar
Ny =90% =09
Ny =9%0% =09
ne =07
xg =092
The T-S and h-s diagram for the steam electro refrigeration system is shown in the figure.

Saturation curve
Motive Pg

T4 A

B | steam I'A . hy A

Fe
Pg

P G Condenser
e G/ Flash

/7 chamber

— »

From steam laken of dry saturated steam, corresponding to a pressure of 7 bar, we:find that
ha =2762k) / kg '

Sa = 6.705k) (kg : '
ty = 165°C
And corresponding 10 a temperature of 4°C, we find that
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hrH = I&Qk] .lrk.g.-
by = 24909K) /kg

S = 0.0685k) / kgk

Sty =89715kI /kg.K

First of all, let us find the dryness fraction of the steam at point. B{i.e.xg).
We know that for isentropic expansion AB,
Entropy before expansion (S 4 ) = Entropy after expansion (Sg)

6.705= Sm +Xp “Sf‘ﬂ = ll{l'ﬁ35+xﬂ xBOT71S

.. _ 6705-00685 _ .
8 89715 '

And enthalpy at B,
ha = l'lm +KH Ni‘lflﬂ =1H+D.?4 Ki‘%ﬂ
=1862.16k) / kg

We know that nozzie efficiency, n,

ha—hg __2762-hg

09 =
ha-hg 2762186216

hy = 2762~ 0.90(2762 - 1862.16) = 1970.14 k} / kg

Now, let us find the dryness fraction of steam at point B' (L.e. x ). Since the points B, B', D and E lie on
the some pressure line, therefore,

hp=hg=hp=hg =189k) /kg
& hfﬁﬂ = hng‘ =hEgE =24909kJ / kg
We know that enthalpy at B',

hg = hg +x1g +h‘sﬂ'

.in/
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1970.189 + x5 x 24909

. 197004 -189

X = =078
B 24909

Let hp =enthalpy of steam at D &
xp =dryenss fraction of steam at D
We know that entrainment efficiency (ng).

ha=hp __ 2762-hp

= «—hy 2762197014

hp =2762 - ﬂ.ﬁqﬂ?ﬁz — 19701 4] =2273k) kg
We also know that enthalpy at point D (hg),

22473=hp xxp xhgp, =189 +xp x24909

o L 22473-189
B 24009

Enthalpy at point E,
hg =hg +Xg xhge =189+092 % 24909

=23105kJ / kg

Now let us find the dryness fraction of the mixture of the motive steam and water vapour after isentropic
compression at point F,

Let % = Dryness fraction at point F.
We know that entropy at point E,

Sg =S xXg xSgp =0.0685+092x89715

=83223k) /kgK.
From the steam tables, correspondmg to a condenser pressure of 0.06 bar, we find that
hg = 14886k] / kg,
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hege =24175k1/ kg
SrE =u.5|2k;|’kgkm

Sf!E

= 7831k] /kg.k
Since the compression of the mixture is isentropic, therefore entropy before compression (Sg )= En-
tropy after compression (Sg).

B2332 =8y, % xp % stF =0512+xp x 7831

_83223-0512 _

0997
¥ 7831

We know that at point F,
hp =hg +xp % h";l—‘ = 14886+ 0997 +24175=2559.1kJ / kg
We also know that compression efficiency, (1),

hg ~hg _ 2559.1-23105
hg-hg  hg-23105

0.7

_ 2559.1-23105
- 07

|. Mass of motive steam required per kg. of the flash vapour we know that mass of motive steam required
per kg. of the flash vapour,

hg +23105=26212k) / kg

. by
my, (ha~hp)nNngnc —(hp ~hg)

= 2559.1-23105
(2762.1862.16)0.90 x 0.60 x 0.70 - (2559.1 - 2310.5)

_ 2486
4118-2486

2. Quality of vapour flashed from the flash chamber.
Let x, = Dryness fraction of the vapour flashed from the flash chamber.

=1523kg/ k of flash vapour.
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First all. ket us find enthalpy at point C, we know that,
. rl'[.,hg +m3hn = [I'Il, ER m‘,.] hE

h¢+l—:‘-=-xhn=[—3‘i+|]h5

¥ ¥
he +1523x22473 = {|523+I]23!U.5
' h, +3422,6 = 58294
he = 24068k / kg
We also know that enthalpy at point (hg),
24068 =hp +x. +hp =189 +x, x24909

3. Refrigerating effect per kg of flash vapour.
We know that refrigerating effect per kg. of flash vapour,
Rg =h;-hg =24068-755=23313kl / kg
4. Mass of motive steam required per hour per tonne of refrigeration.
We know that mass of motive steam 'rcquirﬂd per hour per tonne of refrigeration.

2108 Mg 210xI1
ho<he <m,  24068-758 2
= 0133kg/ min/ TR

=0133x60=798kg/ /TR

5. Volume of vapour removed from the flash chamber per have per tonne of refrigeration.
We know that volume of vapour (per kg.) removed from the flash chamber,

V. = Volume of liquid at c+x; (Volume of saturated vapour-volume of liquid)
=1+095(15222 = 1) = 144.66m’ / kg

2108 « 60 = 144.66 x 2101 N
he =hpg 24068755

=V, X
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~782m? /h/TR

6. Coefficient of performance of the system.

From he steam tables, corresponding to a condenser pressure (0.06 bar), we find that enthalpy of liquid
al point G'.

hyg = 1488KkJ / ke
We know that coefficient of performance of the system,

my(he ~hyg) _124068-755)

COP. = = =0.586.
ms(h a-hig } 1523(2762 - 148.8)

Q. 6. (8) The DBT and WBT of atmospheric air are 35°C and 23°C respectively when the barom-
eter reads 750 mm of Hg. Determine :

(i) Relative humidity, (i) Humidity ratio, (i) dew point temperature, (iv) density, (v) enthalpy of
air. Without the help of psychometric chart.

Ans. 19 =35°C,
t, =23°C,
Py =750mm of He.
1. Dew Point Temperature :

From steam tables, we find that saturation pressure corresponding to wet bulb temperature 23°C is,

P,, = 002337 bar
We know that barometer pressure,

Py = 750mm of Hg.
=750 x133.3 = 98642 N / m?
= 098642 bar

. Partial pressure of water vapour,

P :F _[Pbupw}{td-t“'}
VM 1544144,

(098642 - 0.02337)(35-23)

=002337 -
15440~ 1.44 x 23
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= 002337 - 0.00636 = 0.01701 bar

Since the dew point temperature is the saturation temperature correspond in.g'm the partial pressure of
water vapour (P, ), therefore from steam tables, we find that corresponding to a pressure of 0.01701 bar, the
dew point lemperature is,

tgp =15°C.

2, Relative humidity : From steam tables, we find that the saturation pressure of vapour corresponding
1o dry bulb temperature 35°C is,

P, = 0.04242 bar

We know relative humidity,

P, 001701 :
=t =—— =040 o 40%

. Specific humidity : We know that specific humidity

o 622P, 0622001701
Ph~P, 098642001701

001058
T 096941

= 10914 g'kg of dry air.
4. Degree of saturations : We know that specific humidity of saturated air,

= 0010914 kg/kg of dry air.

o o 0622P  0622x004242
' Py -P,  098642-004242

002638

= 0.02745 kg/kg of dry air.

We know that degree of saturations,

w 0010914
T w, 0027945 or 39.1%

5. Vapour density @ We know that vapour density

_w(P,—P,) 0010914(0.98642 —0.01701) x 10°
CORTy 287273+ 30)

v
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=001216kg/ m* of dry air.

6. Enthalpy of mixture per kg of dry air,
From steam tables, we find that the latent heat of vapoirsation of water at dew point temperature of 15°C

h i = 2466.1K) / kg

. Enthalpy of mixture per kg of dry air,

h=1022t, + w[nrm +23tg, |

= 1022 % 30+ 0.010914[2466.1 + 2.3 15]

=3066+2729 =5795k) / kg of dry air.

Q. 6. {(b) Air at 31°C DBT and 18.5'C WBT is passed through a cooling coil maintained at 4.4°C,
The heat extracted by the cooling coil from air is 12.5 KW and air Nlow rate is 39.5m’/min. Determine
DAT and WBT of the air leaving the coil and coil bypass lactor.

Ans. Refer to fig in psychrometry chart

At the apparatus dew point,
w, =5325¢/kgd.a
hy =17.7kJ / kgd.a
State ol entering air,

w;=82gkg/d.a
vy =0872m’ /kgd.a

hy =525k} / kgd.a

Mass flow rate of dry air

Q, 396 .
m, =—t="_ =J4441ked.a/min
X v 0872 .

Cooling load per kg of dry air,
Q _ (125)(60)
hy—-hy = —="———==1689 ki / ked.
VTR T, T 444l A

Enthalpy of air leaving the coil,
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hy = 5251689 = 3561k) / kgd.a *

Equation for hte condition line

hy~hy _wy-ws
hi_hs. W =W,

525-13561 _ 82-w;
525-177 82-525

We get wy=677gwv/kg/da

Dy and wet bulb temperature of air leaving the coil for calculated values of h; , w from psychrometric
chart,

ty = 186°C

1; = 125°C

Coil bypass factor

x=h2+h5
hy=h

3561-177
[ gasr—— 7 j [ Is H
P 0515 (very high).

Q. 7. (a) An air conditioning system is to be digned for a small restaurant when the following
data is available. Heat flow through walls, roofl and floor = 22000 KJ/h. Solar heat gain through
glass=7000 K.J/h, equipment semible and latent heat gain = 10,500K.J/h, 2500K.J/h respectively. Amount
of fresh air supplied 1600m>/h, Inflitratd load 400m3/h, the hall seating capacity 50, Servants serving
the meals 5, outside design conditions 35°C DBT and 26°C WBT Inside design conditions 27°C DBT and
55% RH. '

The temperature of air supplied to the dining hall should not fall below 17°C, The fan In the system
is fixed before air-conditioning system. The power of the motor conneciing the fan is 10kw, Find the
following : (1) Amount of nir delivered to the dining hiall in m/h

(ii} Percentage of recirculated air

{iii) Refrigeration load on the cooling coil in tons of refrigeration (iv) ADP of the cooling coil and
its hypass factor,

Ans. Given latent heat for or through walls, roofs floor

Qw r f = 22000k} / hr
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Recirculated air

- Room
_ @
GHEE-Idt tg, =27° C
dy - Mixing  Fan Conditioner Sensible

1 r
P T T facto

RSH=0.84
. qﬁ"‘-x‘ A -
-
Yo Adligcriment
Cigele
27°C o3 359C
_

Dy bulb temperature

Solar heat throngh glass =T7000k] / hr = Qgg
Equipment sensible heat = Qgp = 10.500 kJ / hr
Equipment latent heat =y g = 25001 /i

From the psychrometric chart we find that the specific volume oF air at point |
Vs, =089 m® / kg of dry air seating capacity - 50

Servanis serving meal = 5,

1'J| = 35°
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twy =26°C
Idz = 2?“':

by =55% .
Enthalpy of air at point 1
hy =81kJ/kg of dry air
Enthalpy of air at peint 2
hy = 57k]/ kg of dry air
And enthalpy of air at point A -
hs = 68k) / kg of dry air
We know that mass of infiltrated air at point |

v, 400 .
=—=——=44943kg/ min.
my vy 089 g/ min
-, Sensible heat gain due to infiltrated air
=my(hy - hy)=44943(68 - 57)

=494382kJ /kg

And latent heat gain due to infiltrated air

=my(hy—hy)

=449.43(81.68) = 584259k) / hr
Total sensible heat gain in the room
RSH = 22000+ 7000 + 10500 + 4943.82
= 44443821 / hr
Total latent heat gain in the room
RLH = 2500+ 584259
=834259K] / hr
-, Room sensible heat factor
RSH 4444382
RSH+RLH 4444382 +834259
From the psvchrometric chart, we can find that dry bulb temperature of air at point 3

RSHF =
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ty; =29°C
And enthalpy of air at point 3
: hy = 58k) / kg of dry air.
Let for this problem the BPF (By-Pass-Filter) be 0.2,

62 = ﬂ '_I'ﬂE, Etdi_tdﬁ
tlh_ld,ﬁ Zg—ldﬁ

By trail& error method, we find that

tg, =15°C & tg, =109°C
Enthalpy at point 4 _

hy =37k) (kg of dry air

& specific volume of air al point 4

Vi, =082m’ 'kg of dry ari
(i) Amount of air delivered to the dining hall in m? / hr
Lt "’u’n = Amount of total air required in m® / hr

Total room heat
Total heat removed

Total air required my =

_ RSH+RLH 4444382 + 834259
" hy-hy 57-37

=263932kg/ hr

Vy =my x v, =2630.32x082=216424m’ / hr

(ii) Percentage of recirculated air

ir supoli < Ye 1600 yo5i20kg he
Mass of air supplied e vy 082 )
Mass of recirculated air =m, = mg

=263932 195122 = GRE10Okg/ hr

68810
263932

Percentage of recirculated air, =
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(111} Refrigeration load on the cooling coil in TR.
*, Refrigeration load on the coil.

=m,(hj —hy )+ heat added by motor
=263932(56~37)+10

“—Z%Egkw =725TR

(iv) ADP : We already calculated the apparatus dew point temperature of the cooling coil.
tay = 15°C & tag = 109°C

By-pass factor (BPF) = 0.2

(). 8. Discuss the following :

{a) Duct system design,

{b) Design of summer air conditioning.

Ans. (a) Duct system design : The object of duct design is todetermme the dimensions cf all ducts in the
given system. The ducts should carry the necessary volume of conditional air from the fan outlet to the condi-
tioned space within minimum frictional and dynamic losses. The duct layout must be made so as to reach the
outlet without least number of bends, obstruction and area changes. The area changes must be gradual where
possible and limited to not more than 20° for diverging area and 60° for converging area. For rectangular ducts,
the aspeet ratio of 4 and less is desirable but it should not be greater than in any case. The minimum sheet metal
is required with square cross-section for given cross-sectional area.

The velocities in the ducts must be high enough to reduce +ve size of the duds but it should be low
enough to reduce the noise and pressure losses to economic power requirement, 4

After the layout of the duct is decided and the requirements of air quantities at varies outlets are 'l:mwn
then the size of the ducts may be obtained.

{b) Design of summer air conditioning : It is the most important type of air conditioning, in which the
air is cooled and generally humified,

The outside air flows through the damper and mixes up with recirculated air. The mixcd air passes
through a filter to remove dirt, dust and outer impurities, The air now passes through a cooling coil. The coil
has a temperature much below the required dry bulb temperature of the air in the conditioned space. The
cooled air passes through a perporated membrane and leases its moisture in the condensed from which is
collecied in a sump. After that, the air is made to also through a heating coil which heats up air slightly. This
done 1o being the air to the designed dry bulb temperature and relative humidity.

Now the conditioned air is supplied to the conditioned space by a fan. From the conditioned space, a part
of the used air 1s exhausted 1o the atmosphere by the exhaust fans or ventilations.
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