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Speed |Flowrate| P_; Peno L Tepo mrTq,loo's/ Po PoiPero
(tps) | (kg/s) | (Mpa) | (Mpa) © ©
11.8 | 0011 | 017 | 076 | 213 94.5 0.14 0.22
11.8 | 0022 | 019 | 076 | 215 94,2 0.28 0.25
1.8 | 0033 | 021 076 | 21.8 96.3 0.42 0.28
11.8 | 0044 | 024 | 076 | 214 95.8 0.57 031
118 | 0055 [ 025 | 076 | 207 94.2 0.71 0.33
118 | 0066 | 026 | 076 | 206 94.5 0.85 0.34
118 | 0088 [ 027 | 076 | 203 95.8 1.13 0.35
9.5 0022 | o021 075 | 227 88.3 0.28 0.28
9.5 0033 | 024 | 075 22 4 89.6 0.42 0.32
9.5 0044 | 026 | 075 22 89 0.56 0.34
9.5 0055 | 028 | o075 | 217 88.6 0.69 0.37
9.5 0066 | 020 | 075 216 89 0.83 0.39
9.5 0.088 | 031 0.75 21.2 87.5 1.11 0.42
7.1 0011 | 022 | 07 223 78.3 0.14 0.31
71 | 0022 | 025 | o7 | 248 | 794 0.27 035
7.1 0033 | 027 | om 24.3 79 0.41 0.38
7.1 0044 | 020 | o7 22.6 78.9 0.55 0.41
7.1 0055 | 032 | om 219 77.6 0.69 0.45
7.1 0066 | 034 | omt 21.4 78.9 0.82 0.48
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A1314 1.2 HAMINARBILHON Polytropic index

Speed |Flowrate| P_, P_. T, Tepo k
(rps) (kg/s) | (Mpa) | (Mpa) K (K)
1.8 | 0011 | 017 | 076 | 2945 | 3677 | 117
118 | 0022 | 019 | 076 | 2947 | 367.4 | 119
1.8 | 0033 | 021 | 076 295 | 3695 | 1.22
1.8 | 0044 | 024 | 076 | 2946 | 369 1.24
1.8 | 0055 | 025 | 076 | 2939 | 3674 | 125
1.8 | 0066 | 026 | 076 | 2938 | 3677 | 126
11.8 | 0088 | 027 | 076 | 2935 | 369 1.28
95 | 0022 | 021 | 075 | 2959 | 3615 | 1.19
95 | 0033 | 024 | o075 | 2956 | 3628 | 122
95 | 0044 | 026 | 075 | 2952 | 3622 | 124
95 | 0055 | 028 | 075 | 2949 | 3618 | 126
95 | 0066 | 020 | 075 | 2048 | 3622 | 128
95 | 0088 | 031 | 075 | 2044 | 3607 | 130
71 | 0011 | 022 | o071 | 29515 | 3515 | 1.17
71 | 0022 | 025 | o071 298 | 3526 | 1.9
71 | 0033 | 027 | o7 | 2975 | 3522 | 121
71 | 0044 | 029 | 071 | 2958 | 3521 | 124
71 | 0055 | 032 | o71 | 2951 | 3508 | 1.27
71 | 0066 | 034 | 071 | 2046 | 3521 | 1.32
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Flow ref

Flow air

odl cda odd odo al 20
(kg/s) | (kgfs) | (Mpa) | (Mpa) © © © ©)
0.011 0.68 0.76 0.712 74.6 28.2 24.7 274
0.011 0.72 0.76 0.712 74.8 28.2 24.7 272
0.011 0.95 0.76 0.712 74.2 28.2 24.7 26.6
0.011 1.05 0.76 0.712 74.1 28.2 24.7 264
0.022 0.68 0.76 0.712 74.6 28.2 24.6 29.7
0.022 0.72 0.76 0.712 75.2 28.2 24.6 29.3
0.022 0.95 0.76 0.712 74.8 28.2 24.6 282
0.022 1.05 0.76 0.712 74.1 28.2 24.6 28.1
0.044 0.68 0.76 0.712 75.2 28.2 24.6 354
0.044 0.72 0.76 0.712 74.7 28.2 24.6 346
10.044 0.95 0.76 0.712 74.6 28.2 24.6 322
0.044 1.05 0.76 0.712 74.2 28.2 24.6 314
0.055 0.68 0.76 0.712 75.7 28.2 24.5 38.1
0.055 0.72 0.76 0.712 74.8 28.2 24.6 374
0.055 0.95 0.76 0.712 73.5 28.2 24.5 34
0.055 1.05 0.76 0.712 73.6 28.2 24.5 33.1
0.066 0.68 0.76 0.712 734 28.2 245 40.7 -
0.066 0.72 0.76 | 0712 73.2 28.2 244 39.8
0.066 0.95 0.76 0.712 73.4 28.2 244 35.8
0.066 1.05 0.76 0.712 73.2 28.2 24.4 35




g2

AT N4 Nﬂﬂ‘liﬂﬂﬂﬂﬂl‘ﬁﬂﬂ1&!.'1J‘]J‘ﬂ°'laﬂ~1‘ilﬂs1')'lﬁ'l‘“ﬂ‘lﬂﬁ'3

Speed Flow rate P.o P
(rps) (kg/s) Mpa Mpa
118 0.011 0.17 0.73
11.8 0.022 0.19 0.73
118 0.033 0.21 0.73
118 0.044 0.24 0.73
118 0.055 0.25 0.73
11.8 0.066 0.26 0.73
118 0.088 0.27 0.73
9.5 0.022 0.21 0.71
9.5 0.033 0.24 0.71
9.5 0.044 0.26 0.71
9.5 0.055 0.28 0.71
9.5 0.066 0.20 0.71
9.5 0.088 031 0.71
7.1 0.011 0.22 0.68
7.1 0.022 025 0.68
7.1 0.033 0.27 0.68
7.1 0.044 0.29 0.68
7.1 0.055 0.32 0.68
7.1 0.066 0.34 0.68
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AT U1 Kanisneasaientuui a0 veen amwsmwa{

Flow rate Pep,I Pcp,o 'I_‘cp,o mrTep,00.5/Pcp,0 Pcp,i/Pep,0
(kg/s) (Mpa) (Mpa) ©
0.088 0.2185 1.2459 106.80 0.7299 0.1754
0.077 0.1979 1.1885 109.77 0.6788 0.1665
0.066 0.1887 1.1954 112,23 0.5849 0.1579
0.055 0.1794 1.1356 114.90 0.5192 0.1580
0.044 0.1542 1.0551 119.93 0.4567 0.1462
0.033 0.1427 1.0184 122.00 0.3579 0.1401
0.066 0.1910 1.1563 116.00 0.6148 0.1652
0.077 0.1979 1.1976 115.00 0.6895 0.1652

1514 9.2 HANT3NAABNBH Polytropic index
Flow rate Pep,I Pcp,0 Tep,i(°C) | Tep,o(°C) k
kg/s (Mpa) (Mpa) ©) ©

0.088 0.2185 1.2459 6.60 106.80 1.2134
0.077 0.1979 1.1885 7.75 155.00 1.2119
0.066 0.1887 1.1954 6.73 109.77 1.2080
0.055 0.1794 1.1356 8.50 166.00 1.2120
0.044 0.1542 1.0551 7-30 112.23 1.2043
0.033 0.1427 1.0184 7.87 114.90 1.2001
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)

Flow rate Pex,0 Pex,]
kgfs (Mpa) (Mpa)
0.088 0.2909 1.0528
0.088 0.3013 1.0528
0.088 0.3013 1,0528
0.088 0.3013 1.0528
0077 0.2978 1.0321
0.077 0.2978 - 1.0390
0.077 0.2944 1.0321
0.077 0.2944 1.0321
0.066 0.284 1.0183
0.066 0.2806 1.0183
0.066 0.2806 1.0183
0.066 0.2806 1.0321
0.055 0.2668 1.0183
0.055 0.2737 0.9976
0.055 0.2668 0.9907
0.055 0.2392 1.0321
0.044 0.2599 0.9632
0.044 0.2268 0.9770
0.044 0.2461 09425
0.044 0.2289 0.9287
0.033 0.2254 0.9149
0.033 0.2047 0.9080
0.033 02103 0.9080
0.033 0.2047 0.9080
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Program DCRCO1,;
{This program is used for calculate the performance of refrigeration cycle using
a direct contact evaporator.}
Uses wincrt;
Var  {Compressor} Pcpi,Pcpo,Tepi, Tepo,N,mr,hepi,hepo,Wep:Real;
{Condenser} Pcdi,Pcdo,Tedi,Tedo,Tai, Tao,UAcd,ma,Cpa,hedi,hedo,Qcd:Real;
{Expansion Vglve} Texi,Texo,Pexi,Pexo,hexi hexo:Real;
{Direct Contac;;t Evaporator} Cpr,Mw,Mi, Tw,Tevi,Tevo,hevi,hevo,Pevi,Pevo,
Qev:Real;
{Others} COP,t,Tamb,Pex_ratio,Pcp_ratio,Psat,Tsatk,u,v,w.x,y,z:Real;

{Meaning of Variables (use only in this program)

Cpr = gpecific heat of refrigerant (kJ/kg-K)
Cpa = specific heat of air (kJ/kg-K)
COoP = coefficient of performance
hepi = inlet enthalpy of compressor (kJ/kg)
hepo = outlet enthalpy of compressor (kI/kg)
hedi = inlet enthalpy of condenser (k¥kg)
hcdo = outlet enthalpy of condenser (kJ/kg)
hexi = inlet enthalpy of expansion valve (kJ/kg)
hexo = outlet enthalpy of expansion valve (kJ/kg)
hevi = inlet enthalpy of evaporator (kJ/kg)
hevo = outlet enthalpy of evaporator (kJ/kg)
k = polytropic index
mr = mass flow rate of refrigerant (kg/s)
ma = mass flow rate of air (kg/s)
Mw = mass of water (kg)
Mi = mass of ice formution (kg)
N = compressor speed (1ps)

- Pedi = inlet pressure of condenser (MPa)

Pedo = outlet pressure of condenser {MPa)
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Pcpi = inlet pressure compressor (MPa)

Pcpo = outlet pressure of compressor (MPa)
Pevi = inlet pressure of evaporator (MPa)

Pevo = outlet pressure of evaporator (MPa)

Pexi = inlet pressure of expansion valve (MPa)
Pexo = outlet pressure of expansion valve (MPa)

Pcp_ratio = pressure ratio of compressor (Pcpi/Pcpo)

Pex_ratio = pressure ratio of expansion valve (Pexi/Pexo)

Psat = saturated pressure (MPa)

Qcd = rate of heat transfer of condenser (kW)
Qev = rate of heat transfer of evaporator (kW)
Tai = inlet temperature of condenser fan (C)
Tao = outlet temperature of condenser fan (C)
Tamb = ambient temperature (C)

Tedi = inlet temperature of condenser (C)

Tedo = outlet temperature of condenser (C)

Tepi = inlet temperature of compressor (C)

Tepo = outlet temperature of compressor (C)
Tevi = inlet tempefature of evaporator (C)

Tevo = outlet temperature of evaporator (C)

Texi = inlet temperature of expansion valve (C)
Texo = outlet temperature of expansion valve (C)
Tsat = saturated temperature (C)

t = time (8) |

Tw | = temperature of water (C)

u,v,w = variable

X,y,Zz = variable

UAcd = overall heat transfer coefficient of condenser (kW)
Wcep = rate of work input of coxhpressor (kW)} )

Begin
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writeIn(DCRCO1 PROGRAM ');
writeln; |
write(' Enter mass of water in ice storage tank(kg) %
read(Mw);
write(" Enter mass flow rate of refrigerant (kg/s) %
read{mr);
write(' Enter mass flow rate of air(kg/s) %
read(ma);
write(' Enter compressor speed (rps) %
read(N);
write(' Enter initial temperature of water in storage tank (C) *);
read(Tw);
write(' Enter ambient temperature {C) %
read(Tamb);
write(' Enter specific heat of refrigerant (kJ/kg-K) ')
read(Cpr);
write(’ Enter specific heat of air (kJ/kg-K) %
read(Cpa);
write(" Enter delta time which you want to calculate (s) );
read(t);
writeln(' Sensible Heat Period %
writeIn(Time Tw Tcpi Tepo Tedi Tedo Pepi Pecpo Wep Qve Qcd COP Tevi');
{(COMPRESSOR} |
Pex_ratio:=(1.5134*sqr(N)-32.0125 *N+148.8285)*sqr{mr)}+(-0.1020*sqr(N)
+2.0160*N-5.8329)*mr+(0.0032*sqr(N)-0.0824*N+0.7113);
Pep_ratio:=0.954*(Pex_ratio);
wi=_0;
Repeat
Tevo := Tw;

Tepi=0;
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Repeat

Tepi = Tepit+0.01;

x = Tevo+(1/(mr*0.9))*((-0.0459*sqr(mr)+0.0005*mr-0.0003)
*sqr(Tamb-(Tevo+Tepi)/24+(0.9183*sqr(mr)+0.1596*mr+0.0356)
*(Tamb-(Tevot+Tepi)/2)H2.663*sqr(mr)+1.1131*mr-0.1304));

Until

abs(Tcpi-x)<=0.01;

k :=19584*mr+1.1503;

Tepo = exp(In(Tepi+273.15)-((k- 1.)Ik)*ln(Pcp_ratio))-273. 15;

x :=0.0027*3qr(N)-0.0705*N+0,3297;

y :=-0.0013*sqr(N)+0.028*N+0.1428;

z = 0.0026*sqr(N)-0.0680*N+0.6253-Pcp_ratio;

u = (-y+sqri(sqriy)-4*x*z))/(2*x);

Pcpo = Mr*sgri(Tepo)/u;

Pepi := Pcpo*Pep_ratio;

Tsat := 0;

Repeat

Tsat := Tsat+0.01;

X = exp(-15.6+8.96*(Tsat/100)-1.038*sqr(Tsatf100));

Until

abs((x/10)-Pcpi)<=0.01;

hepi = 173.52+13.01*In(Pcpi*10)+(0,57+0.0826*In(Pcpi*10))
*(Tepi-Tsat+273.15);

Tsat ==0;

Repeat |

Tsat ;= Tsat+0.01;

'x  =exp(-15.6+8.96%(Tsat/100)-1.038*sqr(Tsat/100));

Untit

abs((x/10)-Pcpo)<=0.01;

hepo = 173.52+13.01*In(Pcpo*10)+(0.57+0.0826*In(Pcpo*10))
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*(Tcpo-Tsat+273.15);
‘Wep = mr*(hcpo-hepi);
{Condenser}
Pedi :=Pcpo;
Tedi =0;
Repeat
Tedi = Tedi+0.01;
x = Tepo-(14Amr*0.9))*((1.607*sqr(mr)-0.0298*mr+0.0146)

*((Tepo+Tedi)/2-Tamb}+(-20.432*sqr(mr)+1.9399*mr-0.293))

Until

abs(Tedi-x)<=0.01;

Pcdo :=Pcdi-0.034;

Tsat =0;

Repeat

Tsat := Tsat+0.01;

x  =exp(-15.6+8.96*(Tsat/100)-1.038 *sqr{Tsat/100));

Until

abs((x)/10-Pcdi)<=0.01;

hedi = 173.52+13.01 ;"ln(Pcdi* 10+(0.57+0.0826*In(Pcdi* 10))

*(Tcdi-Tsat+273.15);

Tedo = Tsat-273.15;

hedo :=-239.8+100.6%(Tsat/100);

Qcd = mr*(hcdi-hedo);

Tai :=Tamb;

Tao = (Qcd/ma)+Tai;

UAcd :=(ma*Cpa/0.2723)*(((Tao-Tai)/{Tcdi-Tai))-0.0107);
{Expansion Valve}

?exi = Pcdo;

Pexo :=Pexi*Pex ratio;

Tsat :=0;
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Repeat
Tsat := Tsat+0.01;
x  =exp(-15.6+8.96*(Tsat/100)-1.038*sqr(Tsat/100));
Until
abs((x/10)-Pexo)<=0.01;
Texo = Tsat-273.15;
hexo :=hcdo;
{Direct Contact Evaporator}
Pevi :=Pexo;
Pevo := Pevi;

Tevi = Texo;

Tsat =0,
w  =wtl;
u = wH;
Repeat

Tsat := Tsat+0.01;

x  =exp(-15.6+8.96*(Tsat/100)-1.038*sqr(Tsat/100));

Until

abs((x)/1 0-Pevo)<=0.d 1;

hevo = 173.52+l3.01*ln(Pevo*l0)+(0.57+0.0826*1n(Pevo*10))
*(Tw-Tsat+273.15);

hevi ;= hexo;

Tw = Tw-(mr*(hevo-hevi)*t)/(Mw*4.19+30);

y =yl

Qev = mr*(hevo-hevi);

COP = Qev/Wep;

If Tw>0.01 Then

writeln(u:1:0,' ", Tw:1:1,' ", Tepi:1:1,' ", Tepo:l:1, °,
Tedi:1:1,' ', Tedo:1:1," 'Pepi:1:2,' ',Pepo:l:2, ',
Wep:l:1,' ,Qev:1:1, ',Qed:1:1; ',COP:1:1,' " Tevi:1:1);
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If Tw<=0.01 Then
BEGIN
Tw :=0.01;
writeln(u:1:0,' ', Tw:1:1,! " Tepi:1:1, ', Tepo:l:l,' ',
Tedi:1:1," ", Tedo:1:1,' ', Pepizl:2, ' Pepo:l:2, ',
Wep:l:1)! Qev:1:1, ",Qcd:1:1, ',COP:1:1," ", Tevi:l:1);
END;
Until Tw<=0.01;
writeln;
writeln("Press enter for next calculation');
readkey;
writeIn{('  Latent Heat Period ');
hevo :=173.52+13.01*In(Pevo)+(0.57+0.0826*In(Pevo))*(0.01-Tsat+273.15);
v = (Mw*334)/(mr*(hevo-hevi));
z =0;
Repeat
Mi =Mw*(z/v);
If Mi<Mw Then
writeln('Time = ',z:l:b, 'second Ice formation =" Mi:1:2,'’kg");
If Mi>=Mw Then
Begin
writeln('Time ="',v:1:0, 'second Ice formation = ' Mw:1:2,’kg");
end;
z =zt
Until
Mi>=Mw;
writeln;
writeln('Press Any Key t6 Return to Program");

readkey;
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