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THONGCHAI THEAMTAT : MODELING AND ANALYSIS OF A
HYBRID EVAPORATIVE COOLING VAPOR COMPRESSION
AIR-CONDITIONING. THESIS ADVISOR : ASST. PROF.

ATIT KOONSRISUK, Ph.D., 159 PP.

EVPORATIVE COOLING/HYBRID COOLING SYSTEM/AIR-CONDITIONING/

ENERGY

A hybrid air conditioning system that incorporates a vapor-compression
air-conditioner and indirect evaporative cooler has been proposed as an energy efficient
option for space cooling. This study aims to select a proper system configuration
and evaluate its performance for Nakhon Ratchasima Province. First, a numerical
modeling of the hybrid air conditioning system was developed in MATLAB. The NIST
REFPROP libraries were linked to determine the flow thermodynamic properties.
Second, the accuracy of the model was validated by comparing numerical solutions to
experimental data. Third, the effects of the air inlet condition, dimensions of channels,
number of baffles, and ratio of ait mass flow rate in the dry channels to one in the wet
channels on the performance of an evaporative cooler were examined. Fourth, three
system configurations were investigated, namely: 1) directing atmospheric air to the
dry channel of the evaporative cooler while directing cool air from the room to the wet
channel of the evaporative cooler, 2) directing cool air from the room to the dry channel
while A. directing some part of the supply air from the dry channel to the wet channel
or B. directing cool air from the room to the wet channel, 3) directing atmospheric air
to the dry channel of the evaporative cooler while A. directing some part of the supply

air from the dry channel to the wet channel or B. directing atmospheric air to the wet



channel. The results show that the channel dimensions have more impact on the wet
bulb effectiveness of the cooler than the air inlet conditions. It was found that
Configuration 1 has the lowest annual energy consumption. Two buildings with volume
of 36 m* and 241 m*® were simulated. The annual consumptions of Configuration 1 for
36-m® and 241-m® building are reduced by 17% and 18%, respectively, as compared to
the consumption of the vapor-compression air-conditioner alone. For the sake of air
ventilation, it was specified that there is air flowing out of the room and this equals to
the mass flow rate of the air supplied from the cooler to the room. It was also found that
the increase of this air mass flow rate reduces the annual energy consumptions of

Configurations 1 and 3 while increases that of Configuration 2.
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P exp[[éﬂ (NTU)™ {exp [-c, (NTU)™™ ] —1} (3.13.2)
Gnas =Coin (Tp =) (3.14)
0 =50, (3.15)
T, =T, —Cih (3.16)
T e -4 (3.17)
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ai?;b —f, =0 (3.21)
% 1, =0 (3.22)
% =1 (3.23)
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wa _Twb
del ,, == (3.28)
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del, =1t to=! (3.29)
' P Onew
del = max(deIK del,,.. del, ) (3.30)
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1 function [omega,T] = fun det abs humidity HTWE (h, twb)

2 % This function provides an absulute humidity of moist air.
3 % It needs 2 input arguments which are a dry-bulb and wet-bulb temperature,
4 % The ambient pressure is 101.325 kPa. If yours is different, adjust the
5 % wvalue on Line 9.

€ % tdb = 2&;

7 % twb = 21;

8 T = twb + 273.15;

9 p = 101.325e3;

10 % psat

11 Cc8 = -5.8002206E3;

12 % = 1.39140983;

13 Cl0 = —-4.8640235%E-2;

14 11l = 4.1764768E-5;

15 Cl2 = -1.4452093E-8;

16 13 = €.54509673;

17 aa = CB/T + C9% + Cl0*T + Cll¥*(T~2) + Cl2*(T~3) + Cl3*log(T);
18 psat = explaa);

19 Ws = .6219B8*psat/(p - psat):;
20 sgoldensection
21 T xL=0;
22 T xU=twb+20;

23 e5=eps;

24 count=0;

25 nit=10000;

26

27 while (1)

28 count=count+l;

29 d=(0.618* (T_xU-T xL));

30 X1=T_ xL+d;

31 ®2=T xU-d;

32 W g 1=((((2501-2.381%twb) *Ws) - (1.006* (x1-twb) ) )/ (2501+1.805%x1-4.186*twb));
33 fl=abs((1.006*x1}+(W g 1*(2509+1.805*x1)-h})};

34 W g 2=((((2501-2.381%twb) *Ws) - (1.006* (x2-twb) ) )/ (2501+1.805*%x2-4.186*twh)};
35 f2=abs((1.006*x2) +(W_g 2% (2509+1.805*x2)-h)) ;

36 ea=(abs(xl1-x2)/x1);

37 if(ea <= es) || count »>= nit

38 T=x2;

38 omega=w_g_2;

40 break;

41 else

42 if(fl > £2)

43 T_xU=x1;

44 elseif (f1 < £2)

45 T_xL=%2;

46 end

47 end

48 end

49 end
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function omega = fun_det abs_humidity (tdb, twb)
T = twb + 273.15;

p = 101.325e3;

% psat

C8 = -5.8002206E3;

Co = 1.35914%93;

Cl0 = -4.8640239E-2;

Cl1 = 4.1764768E-5;

clz2 -1.4452093E-8;

Cl13 = 6.545%673;

aa = CB/T + C9 + ClO*T + C11%(T~2) + Cl2%(T"3) + Cl3*log(T):
psat = expl(aa);

Ws twb = .62198%psat/(p - psat);
omega = ((2501 - 2.381*twb)*Ws_twb - 1.006* (tdb - twb))/ (2501 + 1.805*tdb - 4.186*twb);
end

UVITYNHA

122

U

dy [ 4 a Y dy [ Y4 [
Tﬂﬁllﬂﬁuﬁ’]ﬂ?’]ﬂcﬂuﬁﬂuﬁmfl]']ﬂ'qmwgnﬂﬁglﬂ']zl!wq ANUBUTUNND LUASANUAY

[ R YL VR SR )

NN W R R R e e e
wW R R O W m o e s WM O W
| | | T A | |

function omega = fun det abs_humidity RH(tdb,RH)

% This function provid an absulute humidity of moist air.

% a dry-bulb and —bulb temperature, respectively.
% If yours is different, adjust the

% valus on Line 9.

% tdb = 26;

% twb = 21;

T = tdb + 273.15;

p = 101.325e3;

% psat

C8 = -5.8002206E3;

C9 = 1.3914993;

Cl0 = -4.864023%E-2;

Cll = 4.1764768E-5;

Cl2 = -1.4452083E-6;

Cl3 = 6.5459673;

aa = CB/T + CO + CIO*T + C11*(T*2) + Cl2*(T"3) + Cl3*log(T):
pvapor = explaa);

omega = (.62198*pvapor/(p - pvapor)) *RH;
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57
58
59
60

else
Cmin = Cec;
Cmax = Ch;
end

L]
4 innitia conditior
5 n_dry=20;
(3 n_wet=n_dry-1;
7
8 chanel w=.3;
9 chanel_g_dry=6e-3;
10 chanel_g_ wet=5e-3;
it chanel_1=.5;
iz
13 m dry=0.14;
14 mp=m_dry/ (n_dry*2);
1% m wet=0.14;
16 ms=m_wet/(n_wet*2);
17
18 wp= 13e-3;
19 tp_i_db=32;
20 tp i wb = Find wet_blub temp(tp_i db,wp): ton Raphson method
21 ts i _wb =19.74;
22
23 B= chanel_w*chanel_1; zm"2
24 del_cotton = 0.3e-3; ¥ m
25 k air = 0.025e-3; ‘m* 2K
26 Xk _cotton = 0.04e-3; % W/m"2K
27 cp= 1.005;
28 L= chanel 1; =n
29 Nu= 8.235;
30 es= 5e-3;
31 c=0;
=N — ——
= dh_dry=(4* (chanel_g_dry) * (chanel w)})/ ((2*chanel w)+(2*chanel g dry));
34 dh_wet=(4* (chanel_g_wet)* (chanel 1})/((2*chanel 1)+(2*chanel g wet));
35 % Guess for newton raphson-———---——-—
36 tp o_db = tp i db-5;
37 ts o wb = tp_i_db-5;
38 =Enthalpy, h [kJ/kg]
39 hp_i= (0.002*(tp_i wb"3))-(0.0588%(tp_i_wb"2))+(3.2447*tp_i_wb);
40 hs_i= (0.002*(ts_i_wb"3))-(0.0588*%(ts_i wb"2))+(3.2447%ts_i_whb)
41 K bar
42 ts o _wb_guess = tp i db-5;
43 hs o _guess = (0.002*% ((ts_o wb_guess)~3))-(0.0588% ((ts_o wb guess)~2))+(3.2447*(t5 o _wb _guess));
44 K bar = (hs_o_guess-hs i)/ ((ts_o wb guess)-ts i wb);
45
46 while (1)
47 c=c+l;
48
49 Calculate
50 3 —— - Thermodinamic
51 Cc = ms*K_bar;
52 Ch = mp*cp;
53
54 if ch«Cc
55 Cmin = Ch;
56 Cmax = Cc;
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61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
717
78
79
80
81
82
83
94
B85

NTU
AR
BB

= Cmin/Cmax;
= (Nu*k_air)/dh_dry;

= (Nu*k_air)/dh_wet;

= (0.006*((ts_i wb)~2))-(0.1176% ((t5_i wb)))+3.2447;
= 1/((1/hp)+(del_cotton/k cotton)+(cp/ (K*hs)));

kxxxxCalculate effectivee NTU

= U*A/Cmin;
= -Cr*NTU~0.76;
= (1/Cr)* (NTU~0.22)* (exp (RR)-1);

effectiveness

2

= 1-exp(BB):
gmax = Cmin* (tp_i db-ts i whb);
= Qmax*effectiveness;

Newton Rapshon——-—-

FOr Cross FLow® sk xd s i rsdcs

fl=tp_o _db-tp_i_db+(Q/Ch);
f2=ts o wb-ts_i wb-(Q/Cc);

i1
fl2
f21
fzz

M2
M C

= [f11 f12;f21 £22];
£2];
M RESULT = M B\M C;

[f1

86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113

tp_o db_new
ts_o_wb_new

hs_i
hs o
K _ba

_new
_new
r_new

del ts o
del K

(0.002% ((t5_i_wb)~3))-(0.0588% ((ts_i_wb)~2))+(3.2447% (£5_i_wb));
(0.002* ((ts_o_wb new)*3))-(0.0588* ((ts_o_wb_new)"2))+(3.2447* (ts_o_wb_new));

wton Rapshon End—-

tp o db-M RESULT (1) ;
ts_o_wb-M_RESULT (2) ;

(hs_o_new-hs i new)/(ts o wb new-ts_i wb);

abs((ts_o wb new-ts o wb)/ts_o wb new);
abs ( (K_bar new-K bar) /Kibarinew] |

del=max([del_ts o,del KI);

if del < eps

else

I4Y < £

Result_tp o db =
Result ts o wh =
wet_blub eff =
Qcap = (m_dry*cp* (tp_i_db-Result_tp_o_db))*1000

break;

K_bar

ts_o_wb
tp_o_db

1000

tp_o_db_new
ts_o wb_new;
(tp_ i db-tp o db new)/(tp i db-tp i wb);

K _bar new;
ts_o wb new;
tp o db new;
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L]
2 innitia conditic
3 - n_dry=20;
4 — n_wet=n_dry-1;
Gl= tp_i_db=35;
6 — wp=12e-3;
T|= ts i wb=19;
Bl= chanel w=.255;
9 - chanel g dry=6e-3;
10 - chanel_g wet=5e-3;
iil|= chanel_.
iz
i3|= m dry=.14%.33;
14 - mp=m_dry/ (n_dry*2);
15|= m wet=.14%.33;
16 — ms=m_wet/ (n_wet*2);
17
= tp i wb = Find _wet blub temp(tp_i db,wp): ton Raphson method
19
20
Bl (= B= chanel_w*chanel_1; =m"2
22 — del_cotton = 0.5e-3; 3 m
ZE|= k_air = 0.025e-3;
24 - k_cotton = 0.04e-3;
25 — cp= 1.005;
26 — L= chanel 1; %m
27 — Nu= 8.235;
28— es= 5e-3;
23 — c=0;
=T —_— —_————
Sl [= dh_dry=(4* (chanel g_dry)* (chanel w))/((2*chanel w)+(2*chanel g_dry));
32 — dh wet=(4* (chanel g wet)*(chanel 1)) /1 (2*chanel 1)+(2*chanel g wet));
33 % Guess for newton
34 — tp_o db = tp_i_db-5;
5= ts_ o wb = tp i db-5;
36 &= Enthalpy, h [kJ/kgl
37— | hp_i= (0.002*(tp_i_wb"3))-(0.05688*(tp_i_wh"2))+(3.2447%tp_i_wb):
F|= hs_i= (0.002*(ts_i wb"3))-(0.0588*(ts_i wb"2))+(3.2447*ts_i wb};
39 K _bar
40 — ts_o_wb_guess = tp_i_db-5;
41 — hs o guess = (0.002* ((ts_o wbh_guess)~3))-(0.0388* ((ts_o wb_guess)"2))+(3.2447* (ts_o wb guess));
42 — K bar = (hs o guess-hs i)}/ ((ts_o wb guess)-ts i wb);
43
44 — while (1)
a5|= c=c+1;
46 Calculate
47 % Thermodinamic.
48 — Cc = ms*K_bar;
49 — Ch = mp*cp;
50
Gl = if Ch<Cc
52 — Cmin = Ch;
E3|= Cmax = Cc;
54 — else
EE|= Cmin = Cc;
56 — Cmax = Ch;

57 —

end
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59 Cr = Cmin/Cmax;
60 hp = (Nu*k_air)/dh dry;
61 hs = (Nu*k_air)/dh wet;
62 K = (0.006* ((ts_i_wb)~2))-(0.1176* ((ts_i_wb)))+3.2447;
63 U = 1/ ((1/hp)+(del_cotton/k_cotton)+(cp/ (K*hs)));
€4
65 graxkdkiiCglculate effectivce NTU for Counter flow ##dddkddhddrddrtiitdis
66 NTU = U*A/Cmin;
67 AR = 1l-exp (-NTU* (1-Cr));
68 B = 1-(Cr*exp (-NTU* (1-Cr)));
69 effectiveness = ARA/B;
70 gmax = Cmin* (tp_i_db-ts_i_wb):
71 Q = Qmax*effectiveness;
2
3
74 - Newton Rapshon—-
75 fl=tp o db-tp i db+(Q/Ch);
16 f2=ts_o wbh-ts_i_wb-(Q/Cc);
77
78 fl1 = 1;
79 flz = 0;
g0 £zl = 0;
81 f22 = 1;
82
83 M A = [fl1 f12;f21 f221;
84 M= [fl; £2]:
85
86 M RESULT = M B\M C;
87 % Newton Rapshon End:
88 tp_o_db new = tp o db-M RESULT(1);
89 ts_o_wb_new = ts_o_wb-M RESULT(2);
:10)
91 hs i new = (0.002%((ts i wb)~3)}-(0.0588% ((ts i wh)*2))+(3.2447* (ts i wb));
92 hs o new = (0.002%((ts o wb new)~"3))-(0.0588* ((ts_o wb new)"2))+(3.2447* (ts o wb_new))};
93 K bar new = (hs o new-hs i new)/(ts o wb new-ts i wb);
94
95 del tp_o = abs((tp_o_db_new-tp_o db)/tp_o_db_new):
96 del ts o = abs((ts_o_wh_new-ts_o wh)/ts_o_wb_new):;
97 del K = abs( (Kﬁbarinewaibar)/Kﬁbarinew] ;
98
99 del=max ([del_ts_o,del_K,del tp_ol);
100
101 if del < eps || c > 1000
102
103 Result tp o db = tp o_db new;
104 Result_ts_o_wb = ts_o_wb_new;
105 wet_blub eff = (tp_i db-tp o_db new)/(tp_i db-ts_i wb):
106 Qcap = (m_dry*cp*(tp i db-Result tp o db))*1000;
107 break;
108
109 else
110 K bar = K bar new;
111 ts_o wb = ts_o_wb_new;
112 tp_o db = tp_o_db_new;
113
114 end
115 end
116 end
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L]
2 G innitia conditlior
B n_dry=20;
4 n_wet=n_dry-1;
5 tp_i db=35;
6 wp=12e-3;
7 ts_i_wb=19;
8 chanel w=.255;
9 chanel g dry=6e-3;
10 chanel g _wet=5e-3;
i chanel_1=.5;
iz
13 m_dry=0.0021;
14 mp=m_dry/ (n_dry*2) ;
15 m wet=0.0021;
16 ms=m_wet/(n_wet*2);
17
18 tp_i_wb = Find wet blub temp(tp i db,wp); % on Raphson method
15
20 A= chanel w*chanel 1; ~2
21 del cotton = 0.5e-3; ¥ m
22 k _air = 0.025e-3; = W
23 k_cotton = 0.04e-3; %
24 cp= 1.005;
25 L= chanel 1; =m
26 Nu= 8.235;
27 es= 5e-3;
28 c=0;
29
30 V_dry=(m_dry) /(1.184% (chanel w*chanel g dry*n dry)});
31 V_wet=(m_wet) J(1.164% (chanel w*chanel g wet*n wet});
32
33 dh_dry=((4* (chanel g dry))*(chanel w))/((2*chanel w)+(2*chanel g dry));
34 dh wet=((4* (chanel g wet))}* (chanel w)) /( (2*chanel w)+(2*chanel g wet));
35
36 Re_dry=l.lG4‘V_dry"dh_dry/13. 49e-6;
37
38 sd=chanel_g_dry;
39 Sh=150e-3;
40 Num_baffles=8;
41 sp=chanel 1/Num baffles;
42
43 Nu_dry=0.103* (Re_dry~0.759) * ((chanel 1/5d)*~0.1€7)*(0.7~0.4)* (Sh/Sp);
44
45 % wton raphson------—-—--—
46 db = tp_i_db-5;
47 wh = tp 1 db-3;
48 =Enthalpy, h [kd/kgl
43 {0.002* (tp i wb"3))-(0.0588* (tp i wb*2))+(3.2447%tp i wh);
50 (0.002* (ts_i_wb"3))-(0.05688* (ts_i_wb"2))+(3.2447*ts_1i wh);
o K _bar
52 ts_o_wb_guess = tp i db-5;

&5
54
55
56

hs_o _guess = (0.002*%((ts_o wb_guess)~3))-(0.0588*((ts_o wb_guess)~2))+(3.2447* (ts_o_wb_guess));

K_bar = (hs_o_guess-hs_i)/((ts_o wb_guess)-ts_i wb):
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57 — while (1)
58 — c=c+l;
59
60 % Calculate
61 e Thermodinamics ———
62 — Cc = ms*K_bar;
63 — Ch = mp*cp;
64
65 — if Ch<Cc
66 — Cmin = Ch;
67 — Cmax = Cc;
68 — else
69 — cmin = Cc;
70 — Cmax = Ch;
71 — end
2= Cr = Cmin/Cmax;:
73
74 — hp = (Nu_dry*k air)/dh_dry;
75 — hs = (Nu*k_air)/dh_wet;
76 — K = (0.006*((ts_i_wh)~2))-(0.1176* ((ts_i wb)))+3.2447;
7%= U = 1/((1/hp)+(del_cotton/k_cotton)+(cp/ (K*hs)));
78
79 SkkEKEAKAC NTU for Counter Flow **dxdxxdkka &k kk Xk k4%
80 — NTU = U*R/Cmin;
81 — AR = l-exp(-NTU* (1-Cr));
82 — B = 1-(Cr*exp (-NTU* (1-Cr)));
83 — effectiveness = RR/B;
EE e wton Rapshon
89 — fi=tp o_db-tp_i_db+(Q/Ch);
90 - f2=ts_o_wh-ts_i wh-(Q/Cc);
91
92 — 11 = 1;
Edj|l= f12 = 0;
94 — f21 = 0;
95 — f22 = 1;
96
&7 |= M A = [f11 f12;f21 £22];
98 — MC = [fl ; f2];
99
100 — M RESULT = M A\M C;
101 Newton Rapshon End:
102 — tp o_db_new = tp o _db-M RESULT(1);
103 — ts_o wb new = ts_o wb-M RESULT(2);
104
105 - hs_i new = (0.002*({ts_i wb)*3))-(0.0588* ({ts_i wh)~2))+(3.2447* (ts_i_wb)):
106 - hs o new = (0.002*((ts o wb new)"3))-(0.0588% ((ts o wb new)"2))+(3.2447*(t5 o wb new));
107 — K _bar new = (hs o new-hs i new)/(ts o wb new-ts i wb);
108
109 — del tp o = abs((tp_o_db new-tp o db)/tp o db new);
110 — del ts o = abs((ts o wb new-ts o wb) /t5707'db7new) g
111 — del K = abs ((K_bar_ new-K_bar) /K_bar_new) =
112
113 — del=max([del ts o,del K,del tp ol);
114
115
116 — if del < eps || o> 1000
117
118 — Result_tp_o_db = tp_o_db_new;
ig)= Result_ts o wh = ts_o_wb_new;
120 — wet_blub eff = (tp_i_db-tp o db_new)/(tp i db-ts i wb);
121 — Qcap = (m_dry*cp* (tp_i_db-Result_tp o db))*1000;
122 — break;
123
124 — else
125 — K bar = K _bar new;
126 — ts_o wb = ts_o_wb_new;
127 — tp_o db = tp_o_db_new;
iz2s
129 — end
130 — end
13l= end
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L]
S5 innital conditior
[3 ratio=.33;
7 n_dry=4;
8 n_wet=n_dry+1;
£l chanel w=.08;
10 chanel g dry=5e-3;
11 chanel_g_ wet=5e-3;
12 chanel_1=1.200;
13 m dry=0.14;
14 mp=m_dry/ (n_dry*2);
15 m wet=ratio*m dry;
16 ms=m_wet/(n_wet*2);
17
18 wp= 12.5e-3; %kg/kg
19 tp i _db=25.18; % e cus
20 tp i wb = Find wet blub temp(tp_ i db,wp); ton Raphson method
21 B= chanel w*chanel 1; =m"2
22 del_cotton = 0.5e-
23 k_air = 0.025e-3;
24 k_cotton = 0.04e-3;
25 cp= 1.005;
26 L= chanel 1; %m
27 Nu= 8.235;
28 es= 5e-3;
29 c=0;
30
31 dhidry:(4‘(chanelfqﬁdryj‘(chanelfw))/((2*chanelfw]+(2lchane17q7dryj);
32 dhiwet:(4*(chanelfqﬁwetjl(chanelfl))/((2*chanelg})+(2'chane17q7wetj);
33 %
34 % Gues t c 1 temp
35 tp_o_wh= tp_i db-10;
36 ts_i wb= tp_o_wb;
37 % Guess
38
39
40 =Enthalpy, h
41 hp_i= (0.002* (tp_i_wb*3))-(0.0588* (tp_i wb"2))+(3.2447*tp_i wh):
42 hp o= (0.002* (tp_o_wb"3))-(0.05858* (tp_o wb"2))+(3.2447*tp o wb)/
43 hs_i= hp_o;
44 K _bar
45 ts_o_wb_guess = tp i db-5;
46 hs o guess = (0.002*((ts o wb guess)~3))-(0.0588*((ts_o wb guess)"2))+(3.2447*(ts_o wb guess));
47 K_bar = (hs_o_guess-hs_i)/((ts_o_wb_guess)-tp_o_wb);
48 %
49
50 while (1)
51 c=c+l;
52 lculate
53 % modinam
54 Cc = ms*K_bar;
55 Ch = mp*cp:
56
57 if ch<Cc

58
59
60

cmin = Ch;
Cmax = Cc;
else
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€0 — else
61 — Cmin = Cc;
62 — Cmax = Ch;
63 — end
64 — Ccr = Cmin/Cmax;
65
66 — hp = (Nu*k_air)/dh_dry;
€7 — hs = (Nu*k_air)/dh_wet;
68 — K = (0.00€* ((ts_i_wb)"2))-(0.1176* ((ts_i_wb)))+3.2447;
€9 — U = 1/((1/hp)+(del_cotton/k_cotton)+(cp/ (K*hs)));
70
71 FEHEXIRXRC, ulate effectivce NTU for Cross [low**¥¥&dwddsiakirkdss
72 - NIU = U*A/Cmin;
3|= AR = —-Cr*NTU~0.78;
74 — BB = (1/Cr) * (NTU~0.22) * (exp(BR)-1);
75 — effectiveness = 1-exp(BB);
76 — gmax = Cmin* (tp_i db-ts_i_wb);
77l |= Q = gmax*effectiveness;
78
79
80 e ton Rapshon-——-—————————— -
81 — fl=tp_o_db-tp_i_db+(Q/Ch);
82 — f2=ts_o_wb-ts_i_wb-(Q/Cc);
83
84 — f11 = 1;
85 — fiz2 = 0;
86 — £21 = 0;
87 — f22 = 1;
89 — M A = [f11 f12;f21 £227;
90 — M= [fl; f2];
91
92 — M RESULT = M B\M C;
93 =] Newton Rapshon End——-—-—-—-—-—-mmmm
94 — = tp_o_db-M RESULT (1) ;
95 — ts_o_wb-M_RESULT(2) ;
96 q Find Twb(tp o _db new,wp
97 — ts i_wb new = Find wet blub_temp(tp o_db new,wp); on method
98
99 — hs i new = (0.002*%((ts_i wb new)"3))-(0.0588* ((ts_i wb new)"2))+(3.2447*(ts i wb new));
100 — hs_o new = (0.002*% ((ts_o_wb_new)~3))-(0.0588* ((ts_o_wb_new)~2))+(3.2447* (ts_o_wb_new));
101 — K_bar_new = (hs_o_new-hs_i_new)/(ts_o_wb_new-ts_i_wb_new):
102
103 - del ts i = abs((ts_i wb_new-ts_i wb)/ts_ i wh_new);
104 — del ts o = abs{(ts_o wb new-ts o wb) /tsioiwbinew) ;
105 — del K = abs ((K_bar new-K bar) /Kibarinew] H
106
107
108 — del=max([del _ts_i,del_ts_o,del Kl);
109
110 — if del < eps |l c > 1000
111
112 - Result tp o db(i) = tp o db new;
113 — Result ts i whb(i) = ts_i
114 — Result ts o whb(i) = ts_o wh |
115 — wet_blub_eff = (tp_i_db-tp o_db_new)/(tp_i_db-tp_i_wb);
116 — Qcap(i) = (m_dry*(l-ratio)*cp* (tp_i db-Result_tp_o_db(i)));
g)= else
120 — K _bar = K_bar_new;
121 — ts5 o wb = ts o wb new;
122 — tp_o_db = tp_o_db_new;
123 —
zat =
125
126 — end

127
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@ Mega_base | Arduino 188
File Edit Sketch Tools Help

Viega_base
float T1,T2,T3,T4,T5,T6,T7,T8,T9,T10,T11,T12,T13,T14,T15:
Powerl,Currentl,Energyl=0, EnergyTotall=0,
Power2,Current2, Energy2=0, EnergyTotal2=0,

Power3,Current3,Energy3=0, EnergyTotal3=0;

t I1,12,13;

Tel,Te2, Te3, Ted, Tes, Teé, Te?, Tesd, Tes, Tel0, Tell, Tel2, Tel3, Teld, Tels, WB_eff;
delaytime = 300007

#include <SoftwareSerial.h>

SoftwareSerial UnoSerial (49, 48); // RX | TX

#include <LiquidCrystal.h>
const int rs = 19, en = 18, d4 = 17, d5 = 16, dé = 15, 47 = 14:
LiquidCrystal led(rs, en, d4, d5, dé, d7):

#include <OneWire.h>

#include <DallasTemperature.h>

OneWire oneWirel (46),oneWire2 (44),oneWire3(42),oneWired (40), oneWire5(38), oneWire6 (3€), oneWire7(34),
oneWires (32) , oneWire9 (30),oneWirel0(28),oneNirell (26) , oneWirel2 (24) , oneWirel3(22),
oneWirel4 (20),oneWirel5 (12);

DallasTemperature sensorsl(soneWirel),sensors2 (coneWire2),sensors3(soneWire3),sensorsd (soneWired),
sensorss (soneWireS) , sensorsé (soneWire6), sensors? (soneWire?), sensorss (aoneWires),
sensors9(soneWired) , sensorsl0 (soneWirelD), sensorsll (soneWirell),
sensorsl2 (soneWirel?), sensorsl3 (soneWirel3),
sensorsl4 (toneWireld), sensorsls (GoneWirels)

@ Mega_base | Arduino 188
Eile Edit Sketch Tools Help

#include <DS3231.h>
DS3231 rtc(SDA, SCL);
Time t;

#include <SPI.h>
#include <SD.h>

le myFile;

int chipSelect = 4;

UnoSerial.begi
led. n(20, 4);

sensorsl
sensors2
sensors3
sensorsd.t
sensorsS.t
sensorsé
sensors7
sensors8.

sensors9

sensorsl0.b:

@ Mega_base | Arduino 188
Eile Edit Sketch Jools Help

Mega_base §

sensorsll.begin()?
sensorsl2.b

sensorsl3.b
sensorsld.b
sensorsl5

rte.b

while (!Serial) {
: // sownnseRuBoumDnl Serial port WA AW Arduine Leonardo (MM
1

Serial.print("Initializing SD card...”);

pinMode (SS, OUTPUT):

if (!sp (chipSelect)) {

Serial.pr n("initialization failed!"):

return

1

myFile = SD.
if (myFile) {
myFile.println("Date, Time,T1,T12,T3,T4,TS,T6,T7,T8,T9,T10,T11,T12,T13,7T14,7T15,11,12,7T3,P1,P2,P3,EL,E2,E3,Et],Et2,Et3,WB_eff");
myFile.println("DD/MM/YY,hour:min:s ,¢,¢,¢c,¢,c,¢,¢,C,C,¢C,C,C R A, AW, W, W, kih, kWh, kkh, kéh, kKWh, kRh, -") ¢ // STMEUWIDNA

("test.txt", FILE_WRITE): // e Wadia test.txt 1ioifundaia Twam FILE_WRITE

myFile. 0z // Dalvia
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@ Mega_base | Arduino 188

file Edit Skech Tools Help

Mega_base §

myFile.close(): // Da'lWA
Serial.println("done.");

} e {

Serial.println("error opening test.tx

unsignes StartTime = millis()s
estTem tures ()i //AVDIMANDNAGHNI

=(0) 5

sensorsl.req

Tl=sensorsl
ialay (100
sensorsZ.r

; //ﬂ'\m'mci'mnmnu
T2=sensors2
jelay(100) 7
sensors3.

=(); //AvDmAinnennd
ndex (0)

es(): //dwDuAnnennd
x(0) 2

T4=sensorsd
delay(100)
sensors5.re
T5=sensors5
ay(100) ;
sensorsé.re

e res()s //AVDIMATIDNAHNG
(0);

rea()s //AVDIUATIDALHAII

@ Mega_base | Arduino 188
Eile Edit Skewch Jools Help

Mega_base §
sensorsé.r =(); //RumwAinnenndi

rempCByIndex (0) ;

sensorsT.
T7=sensors?
delay (100) ;
sensors8.re
T8=sensorsd
delay(100) s
sensors9.re;
T9=sensors%
delay(100) ¢
sensorsl0.

==(); //AvDmAngnanns
(0)#

ires () //A@NDTHAIANHN
lex (0) s

a5 () //duAnaninnd
(0):

()7 //dvDuAnonennd
=x (0) 7

Tl0=sensors10.getT
jelay (100)
sensorsll.

res()s //AvDMANDnnndl
ndex (0) 2

Tll=sensorsll.

sensorsl2. st Tem tures(); //AUomAtanednd
Tl2=sensorsl2.getTempCByIndex (0) ;
delay(100)

sensorsl3.r tures () //AuDAlaninnd

T13-sensorsl3. Index (0) ;
delay (100)
sensorsld. tures () //AVDIUATD AN

Tl4=sensorsl4. 2= (0) 7

@ Mega_base | Arduina 188
File Edit Sketch Tools Help

Mega_base §

jelay (100)

sensorsl5. s //ihmumamnnil
T15=sensorslb.getTempCBy (0)#

elay (100);

/ Calibration Temperature sensor

=
a
"

1.0137*T1 - 1.2316:
Tc2 1.0055*T2 - 1.0106;
Te3 = 1.0075%T3 - 1.0728;
Ted = 1.0067*T4 - 1.2394;
Tcs = 1.0057*T5 - 0.9459;
Tc6 = 0.9976*Té 0.6221:
TeT = 0.997*T7 - 0.5961;
TcB = 0.9998*T8 - 0.5927:
TcO 0.9965*T9 - 0.65;
Tcl0 = 0.9983+T10 - 0.6167:
Tcll = 0.9994*T11 - 0.6877;
Tel2 = 0.99754T12 - 0.5123;
17 Wetbulb effectiveness
WB_eff = (Tcl-TcS)/(Tcl-Ted)s

t Currentl = emonl.c

cIrms(1480);

at Current2 = emon2.calcIrms(1480);
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@ Mega_base | Arduino 188
Eile Edit Sketch Tools Help

Wiega_base §

float Current3 = emon3.calclrms(1480);

T1 = (3.2757*Currentl) - 0.0834;
I2 = (1.6606*Current2) 0.0241%
13 (1.5586*Current3) - 0.0524;

I

Powerl = (I1*220);
Power2 = (I2%220);
Power3 = (I3%220):

Energyl = (Powerl*0.001*(delaytime/1000)/3600)
Energy2 = (Power2*0.001*(delaytime/1000)/3600);
Energy3 = (Power3*0.001*(delaytime/1000)/3600);

EnergyTotall=EnergyTotall+Energyl; //kih
EnergyTotal2=EnergyTotal2+Energy2: //kWh
EnergyTotal3=EnergyTotal3+Energy3; //kWh

t = rtc.getTime():

Serial.p:
Serial

int(Tel): // udeNaIQnnnd

© Mega_base | Arduino 188
File Edit Sketch Tools Help

WMega_base §
Serial.r Tc2); // URavADNMNI
Serial.println(" *C

Serial. (Tc3): URaVADIRHN I

Serial.

Serial. URGVAND NN
Serial.
Serial. UAGVAD NN

Serial.
Serial. [ECNERRLE T
Serial.
Serial.
Serial.pr
Serial.p
Serial.r
Serial.
Serial.p
Serial.
Serial.g
Serial.
Serial.
Serial.p
Serial.p
Serial.

Serial.g
Serial.pr (Tcl4); // udavannnwns
Serial.print {" 3e")2

© Mega_base | Arduina 188
Eile Edit Sketch Tools Help

Mega_base §

Serial

(TelS): // ndAavaiammnil
)

// Apparent power

// BApparent po

// Mpparent p

Serial (Powerl):
Serial n(" W)
nt (Power2) ;

n(" W)
(Power3) ;

n(" W)
(Energyl) :

In(" kWh");

at (Bnergy2) :
rintln (" kWh"):
(Energy3)
ntln(" ¥Wh");
(EnergyTotall) s
Serial.println(" kWh"):

t (EnergyTotal2) i
In(" kWh");
(EnergyTotal3);
Serial.printl kWh") ;

Serial
Serial

Serial

Serial
Serial




@ Mega_base | Arduino 1.88

Eile Edit Sketch Jools Help

Mega_base§

serial.print (t , DEC):
Serial. nt(". day of ")z
Serial.prin h
Serial.

Serial.p

Serial.

Serial.print (t.hour, DEC):
Serial. t(" hour(s),
Serial.print (t.min, .

Serial. t(" minute
Serial.

Serial.

myFile = SD.open("test.txt",
if (myFile) {

Serial.print ("Today is the ");

7/ dmsudvariisd

// ®mSuduaidon

7/ @ msudvand

£/ @& msudvannandu G
/7 dmsbdvannaniliwni

// dmsudvanandisiwi

FILE WRITE):

© Mega_base | Arduina 188
Eile Edit Sketch Tools Help

Mega_base §

myFile.print (t.min, DEC):
myFile. nt ("
myFile.print (t.sec, DEC);
myFile. nt(",");

myFile.g
myFile.
myFile.
myFile.print(","});
myFile.print (Te3) s
myFile.print (", ")
myFile.
myFile.
myFile.
myFile.
myFile.

rint (Tel):
nt(", ") :
t(Tc2)

myFile.
myFile.g
myFile.
myFile.
myFile.
myFile.
myFile.
myFile.

T
int (TcB) ;
nt (", ") 5

© Mepa_base | Arduine 1.88
File Edit Sketch Tools Help

print (Te12) 5
L A
.print (Tcl3) s

int (Power2)
ne(", "y
print (Power3);
rint (", ") 1
rint (Enexgyl)
"
.print (Energy2);
myFile.print (", ")s
myFile.print (Energy3) s
myFile.p
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© Mega_base | Arduino 1.88
Eile Edit Sketch Tools Help

Mega_base §

myFile.

t )
nt (EnergyTotal3);
ne(", )

tln (WB_eff) s
Vi // DaiR

("TIME: ");

r, DEC)¢
+ DEC)2
' )i
© Mepa_base | Arduino 1.68
File Edit Sketch Tools Help
Mega_base §
lcd. sor (0, 2):
led.print ("ST: ")
led.print ("Locking "):
2);
2):
Curs 2);
led.print(".")#
300) 7
2):
(0, 3):

int{"El:")s

nt {EnergyTotal2) ;
int ("kWh") ¢
nt("E2:");

int (EnergyTotal3)z
nt ("kul
ng CurrentTime = millis():

ElapsedTime = CurrentTime - StartTime;
d 1 ] RealDelay = delaytime-ElapsedTime;
ealDelay)
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89515 Il ve LT 0.036 kg/s
895173 lnaFauiayeadlen 0.036 kg/s
o 1 Y [
NUIUBDILH 20 ¥09
o 1 = ]
NuINTeIlen 19 X0

9 1 Y
ANUAIIBOULH 6 mm.

F) Y] Yy Aa o ~
ANUATNINIA (9199909310 3.1) 250 mm.

[} Y a o d‘

ANVENIN (9199909319 3.1) 500 mm.

9 1 =
ANUAIIBOULan 5 mm.
ANUNUIN 05 mm.

Y

ANNHUINIU 0.5 mm.
AMMIthanudouruda 0.230x 10° KkW/m’-K
. ) - ]
MMIanudounh 0.606x 10° KW/m’™-K
mnshanudeuoine 0.025x 10 KW/m’-K
ANNIANINS DU UNIZUDIDINIA 1.005 kl/kg-K
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89515 Il ve LT 0.036 kg/s
895173 lnaFauiayeadlen 0.036 kg/s
[ 1 Y ]
TIUIUFOILN 20 ¥09
o 1 = ]
IUINTeUTen 19 ¥09

9 1 Y
AUNI YOI 6 mm.

9 Y] Y a o ~
ANUATNINIA (9199909310 3.1) 250 mm.

[} Y a o d‘

ANVENIN (9199909319 3.1) 500 mm.

9 1 =
ANUNINTUon 5 mm.
ANNHUIRN 0.5 mm.

Y

ANUAUINIU 0.5 mm.
amshanudeuuruda 0.230x 10° kW/m’-K
. 5 ~ 2 }
Amshanudeunh 0.606x 10” kW/m™-K
Amsrhanudeusne 0.025%10° kW/m’-K
ANNIANINS DU UNIZUDIDINIA 1.005 kl/kg-K
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89313 W aFINIAYD AU 0.148 kg/s
% a ] ~
9013513 Inarauaresilen 0.036 kg/s
o 1 Y [
NUIUBOIULH 20 ¥09
o 1 = ]
NuINTeIdlen 19 ¥09

9 1 Y
ANUAIIBOULH 6 mm.

F) Y] Yy Aa o ~
ANUATNINIY (9199909319 3.1) 250 mm.

[} Y a o d'

ANVENIN (9199909319 3.1) 500 mm.

9 1 =
ANUAIIBOULan 5 mm.
ANUNUIN 05 mm.

Y

ANWHUININ 0.5 mm.
MNIhausouLpHuda 0.230x 10° KW/m’-K
. ) - ]
aMMIhanudounn 0.606x 10° KW/m’™-K
mnshanudousimea 0.025x 10 KW/m’-K
ANWYAINS OUT UNIZVDID NS 1.005 kl/kg-K
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function [Win,Qin, Tamb_out,Troom out,wamb out,wroom out,mdot condensage] =3impleVC (Tamb, RHamb, Troom, RHroom)

wroom_in = fun_det abs humidity RH(Troom,RHroom/100);
wamb_in = fun det_abs humidity RH(Tamb,RHamb/100) ;
wamb_out = wamb_in;

twb_amb=Find wet blub temp (Tamb,wamb_ in);
twb_room=Find wet_blub_temp (Troom,wroom_in);

eff ¢ = 0.65;
Pl=refpropm('p', 't', Troom-15+273.15, 'g', 0, 'r22');
P2=refpropm('p', 't', Tamb+1l0+273.15, 'a 0, 'r22");

mdot_ref=0.0172;
mdot_evap_fan=0.13;%m
mdot_cond_fan=0.35; %m

asu

tl=Troom-15;
t3=Tamb+10;

hl=refpropm('h',

sl=refpropm('s',

52=51;

h2s=refprepm('h', '®B', P2, 's', s52,'r22');
h2=hl+(h2s-hl) /eff c;

h3=refpropm('h', 'P', P2, 'ag', 0,'r22");
hd4=h3;
t4=refpropm('t', 'P', P1, 'h', h4,'r22')-273.15;

Qout=mdot_ref* (h2-h3);
Qin=mdot_ref* (h1-h4);
Win=mdot_ref* (h2-hl);

del=abs (Qin-2637.64)/2637.64;

hroomﬁin = (0.002* (twb_room~3))-(0.0588* (twb_room~2))+(3.2447*twb_room) ;
hamb_in = (0.002* (twb_amb~3))-(0.0588* (twb_amb~2))+(3.2447*twb_amb); %kJ/kg

hroom_out=hroom_ in-((Qin/1000)/mdot evap fan);
Tamb_out=Tamb+ ( (Qout/1000) / (mdot_cond fan*1.1));

x=linspace (1,30,1000000) ;
for i=1l:length(x)

hcheck=(0.002% (x (1) ~3) ) - (0.0588% (x (1) ~2))+(3.2447*x (1))
f(i) = abs (hcheck-hroom out);
if f(i) < Se-4

Troom out = x(i):

hcheck=(0.002% (2 (1) ~3))-(0.0588% (x(1}"2))+(3.2447*x(i));

f£(i) =  abs(hcheck-hroom_out);

if £(i) < 5e-4
Troom out = x(i);
Wroom_out = fun det abs_humidity RH(Troom_ out,1);
mdot condensage =mdot evap fan* (wroomﬁin—wroomﬁout] ;
break

end
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Input data Input data
Outdoor Indoor Power Outdoor Indoor Power
No. No.

Ta, Ty, i Ty,

(°C) (°C) (Watt) (°C) (°C) (Watt)
1 28.86 23.89 562.4 7 31.02 23.34 593.1
2 29.12 23.4 570 8 31.4 22.66 596
3 29.18 22.53 582.2 9 31.78 22.22 599.3
4 29.75 23.4 582.25 10 35.58 24.03 585.8
5 29.75 23.03 588.22 11 35.13 23.78 616.6
6 30.07 22.09 590.93 12 35.45 23.22 604.4

A ) [ o < a o
ATTNN 9.2 Glal}f]yjﬁ’ﬁ'lﬁiUﬂ'liG]‘i'Ji]ﬁ@“Uﬂ'ﬂlJQﬂﬁ”ﬁ]\ﬁl’ﬂ\ﬁ&’ﬂUﬂWﬂ?WNLﬂu%uﬂﬂﬂqﬁ]ﬁ1Mﬁﬂ1W

o A Y
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Input data Input data
Outdoor Indoor Power Outdoor Indoor | Power
No. No.

Ty Ty, Ty Ty,
(§(®) (§(®) (Watt) (°C) (§(®) (Watt)
1 27.79 23.4 547.28 7 33.36 23.09 608.49
2 27.79 23.34 589.66 8 33.49 22.34 613.31
3 27.85 22.03 596.43 9 33.74 21.85 610.94
4 30.07 23.28 600.85 10 37.86 23.47 616.75
5 30 2291 601.22 11 37.67 23.09 628.79
6 30.45 22.41 613.52 12 38.11 22.28 630.25
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Input data
Outdoor Indoor Power
No.

Ty, Ty,
(°C) (°C) (Watt)
1 30.7 27.83 534.98
2 30.64 25.9 658.62
3 31.46 23.16 681.66
4 30.57 23.34 628.95
5 31.08 23.09 686.58
6 31.14 22.16 680.51
7 34.56 23.84 627.68
8 34.37 23.78 726.96
9 33.8 22.84 723.49
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