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LOOP 1

w$ = 'Steamspws’

Evaporative Cooling Towers

Dead State

ho = 27.36 [Btu/lb,] Place Holder
State 1

hy = 40 [Btu/lby] Place Holder
State 2

h, = 40 [Btu/lby] Place Holder

State 9
hy + hg
hg = ——
® 2
+
P9 = u
2
+
o= T2+ Ts
2
X7 + Xg
X =
® 2

Cooling Tower 1
QCT1 = rh1,CT1 : [ho - h1]
),

Qe = Tl 'hg — hg ]

Cooling Tower 2

QCT2 = rh1,CT2 : [ho - hz]

. m
Qcre = 71 thg — hy |

Chiller One
CTP1
. Btu/hr
w = 18.99 [kW]- |3412 -
CTPA [kw] KW

WCTP,1 = r-n1,ch1 ’ [hs - ha}

Condenser Chiller One
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éCond,cm = rh1,ch1 : [h7 - hs]
State 3
X3 = 0 Assumption

P; = P[w$ , h=h;, x=x3 |

Ts T[w$ ,h=hs, x=x3 ]
State 5
Ts = 723 [F]

Xs = 0 Assumption

Ps = P[w$,T=Ts,x=x5 |

hs = h[w$, T=Ts,x=x5 |
State 7

P, = P[w$,T=T;,x=x; |

T, = 81 [F]

x7 =0

h; = h[w$, T=T;,x=x; |

Chiller Two

CTP 2

Wem, = 1899 [kw]- (3412 - BW/r

WCTP,z = rh1,ch2 : [he - h4]

Condenser Chiller Two

éCond,ch2 = rh1,ch2 : [he - he]
State 4
X4 = 0 Assumption

P4 = P[W$,h=h4,X=X4]

T4

T[w$,h=hy, x=x4 |
State 6

Te = 723 [F]
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Xe = 0 Assumption

Pe = P[w$,T=Tg,x=xg |

he = h[w$,T=Tg,x=xq |

State 8

Pg = P[w§, T=Tg, x=xs ]

Tg = 81 [F]
Xg = 0
hg = h[w$ K T=Tg,x=xs |

Mass Flow Rate Loop 1
my = r'n1,ch1 + rh1,ch2
First Law of Loop 1

Qcondent + Qcondenz + Werpr + Werp, = Qerr + Qeme

LOOP 2

r$ = 'R134A'
Chiller One

Compressor 1

Btu/hr
kW

We = 57.8 [kW]- 3412 -

Pis = 35 [psia]

Tis = 332 [F]

Py = 97.2 [psia]

Ty = 971 [F]

his = h[r$ ,P=Py,T=Tys ]
hiy = h[r$ ,P=Py,T=Ty |
Weor = me - [hyy — hys |
Compressor 2

Btu/hr
kW

W, = 57.8 [kW]- 3412 -




File:SCCP_Complex_Rev_3 CMT.EES 12/6/2014 4:21:17 PM Page 4
EES Ver. 9.711: #2191: For use only by students and faculty in Mechanical Engineering, Univ. of Idaho, Moscow, Idaho

U
J
1}

34.7 [psia]

_{
2
[}

35 [F]

P = 98.1 [psia]

T = 967 [F]
hiz = h[r$ ,P=Py,T=T4 |
hie = h[r$ ,P=Py,T=T |

Wcz = rhcz - [hi — hy7 ]
Compressor 3

Btu/hr
kW

We = 60.3 [kW]- 3412 -

Py = 35.3 [psia]

Ty = 332 [F]

P = 100.9 [psia]

T = 974 [F]

hig = h[r$ ,P=Py,T=T |
hig = h[r$ ,P=Pyg,T=Ty |
Wcs = rhcs : [h18 - h19]
Compressor 4

Btu/hr
kW

We = 583 [kW]: |3412 -

P,y = 35.5 [psia]

Ty = 33.8 [F]

Py, = 98.8 [psia]

Ty = 96.6 [F]

hoy = h[r§,P=Py ,T=Ty |
hyo = h[r$ ,P=Py,T=Ty |
Wc4 = rhc4 ) [hzo — hyy ]
Mass Flow Rate Chiller One

M2 chi = Sum [mc1 y Me2, Mez, Me3 J
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fo = .mim
M2 ch1
ch = 'mC2
M2 ch1
fc3 = 'mC3
M2 ch1
fc4 = .mC4
M2 ch1
State 10
P10 = fc1 . P14 + fC2 . P16 + fcg . P18 + fc4 . on Assumption
Tio = feq - Tyg + T - Teg + fz - Tyg + fu - Tog  Assumption
hio = h[r$ ,P=Py,T=Ty |

Xt = X [r$ ,P=Pq,T=Tyo |
State 11

Pi1 = Py

o
1]

T[r$,P=P11 ,h=h11]

X1 = x[r$,P=P11,h=h11 }

State 12
Pz = Py
Tiz = T[r$ ,P=Py,h=hq, ]

Xz = x[r$ ,P=Py, , h=hy, |

State 13
Piz = for - Pys + T - Pyp + f3 - Pyg + foy - Py Assumption
Tz = o = Tis +fp - Tyz + fig - Teg + fou - T2y Assumption

h[r$,P=Py,T=Ty |

>
@
]

Xi3 = X [r$ ,P=Pq, T=Ty |
Evaporator Chiller One

éEvap,cm = rhz,cm ) [h13 - h12}
Condenser Chiller One

Qcond,cht = Macht - [hm - hyy ]
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First Law of Loop 2 Chiller One

éEvap,cm = éCond,cm - [V'Vm + \chz + Wca + \ch4 ]

Chiller Two

Compressor 5- Change P/T

Btu/hr
kW

We = 623 [kW]- 3412 -

P,; = 33.8 [psia]

Ty = 34.7 [F]

Py, = 97.7 [psia]

T = 982 [F]

hyy = h[r§,P=Py , T=Ty |
hse = h[r§,P=Ps , T=Ts |
Wcs = rhc5 ) [hze - h27]
Compressor 6- Change P/T

Btu/hr
kW

We = 614 [KW]- 3412 -

Py = 34.7 [psia]

Ty = 315 [F]

Po,s = 97.5 [psia]

Ty = 979 [F]

hag = h[r§ P=Py, T=Ty ]
has = h[r§ P=Py, T=Ty |
ch = rhcs : [hzs - hzg]
Compressor 7- Change P/T

Btu/hr
kW

We = 641 [kW]- 3412 -

P31 = 35 [psia]
T3y = 34.1 [F]

Py, = 100.8 [psia]
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Ts = 98 [F]

>
«
1

h [r$,P=P31 ,T=T31 ]

h [r$ s P=P30 ,T=T30 ]
Wy = me - [hy — ha |
Compressor 8- Change P/T

Btu/hr
kW

We = 627 [kW]- 3412 -

P33 = 34.6 |[psia]

T3 = 34.8 [F]

Psx = 98.9 [psia]

Tz, = 982 [F]

has = h[r$ ,P=Pg,T=Ts ]
haa = h[r$ ,P=Py ,T=Ts |
We = me - [haz — ha |

Mass Flow Rate Chiller Two

m2,ch2 = Sum [mcs y Meg, M7, Meg }
_ Mes
fis = —
M2 ch2
_ Mes
fee = —
M2 ch2
_ Me7
fog = —
M2 ch2
_ Mecg
fg = —
M2 ch2
State 22
P = fes - P + feg * Pog + fiz - Pao + fog - P32 Assumption
T, = fes * Toe + fg = Tog + fo7 - Tyo + fig © Tap  Assumption

h [r$ y P=P22 ,T=T22 ]
Xzo = X[r$ ,P=Py ,T=T, |
State 23

Pas = Py
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T23 = T[r$,P=P23,h=h23]

Xo3 = X[r$,P=P23,h=h23J

State 24
Po = Pys
Tog = T[r$,P=Py,h=hy ]

Xog = x[r$,P=P24,h=h24]

State 25
Py = fes = Por + feg © Pog + fi7 - P3y + fog - Pas  Assumption
Tos = fos © Tor + fg = Tog + fo7 - Tz + fig © Taz  Assumption

h[r$,P=Py , T=Ty |

Xo5 = X [r$ ,P=Py,T=Ty |
Evaporator Chiller Two

Qevapenz = Maeno - [hos — hay |
Condenser Chiller Two

éCond,ch2 = rhz,chz : [hzz - hza]
First Law of Loop 2 Chiller Two

QEvap,ch2 = QCond,ch2 - [WC5 + Wc6 + Wc7 + WCSJ

LOOP 3

Chiller One

Evaporator Chiller One

éEvap,cm = rh:;’cm - [hgr = hag |
State 41

T4 = 541 [F]

X41 = 0

Flowe,y = 802 [GPM]- |8.021 - fct:::\;

pent = p[WS ,T=Ty , X=Xy |
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Maan = FlOWgnr - pont

hgt = h[w , T=Ts ,X=xq |
Pa = P[W$,T=Ty,X=Xqy |
State 34

Ta = 409 [F]

X3s =0

has = h[w$ ,T=Ta, Xx=xz |

Plw$, T=Tsy, X=Xy ]

T
®
]

Hours of Operation

Time = 5 [min]

SOLUTION

Unit Settings: Eng F psia mass deg

Flowent = 6433 [ft%/hr] for = 0.2394

feo =0.2537 fes =0.2535

fos =0.2493 fes = 0.2524

fes = 0.2324 for =0.2603

fes = 0.2549 m1 = 1.407E+06 [Ib,/hr]
m1ch1 = 703289 [Ib,,/hr] m1ch2 = 703534 [Ib,,/hr]
micTt = -488719 [Ib,/hr] micr2 = -488717 [Ib,/hr]
mach1 = 83797 [Ib,/hr] mach2 = 87265 [Ib,/hr]
mach1 = 401347 [Ib,/hr] me1 = 20065 [Ib,/hr]

me2 = 21255 [Ib,/hr] me3 = 21238 [Ib,/hr]

mes = 20889 [Ib,/hr] mes = 22023 [Ib,,/hr]

mes = 20283 [Ib,/hr] me7 = 22719 [Ib,/hr]

mes = 22240 [Ib,/hr] Qcondent = 6.112E+06 [Btu/hr]
Qcondch2 = 6.114E+06 [Btu/hr] Qct1 = 6.177E+06 [Btu/hr]
Qcr2 = 6.177E+06 [Btu/hr] Qevapcht = 5.312E+06 [Btu/hr] {442.7 [Ton]}
Qevapchz = 5.259E+06 [Btu/hr] {438.2 [Ton]} r$ = 'R134A'

peht = 62.39 [Ib,,/ft’] Time =5 [min]

w$ = 'Steam_IAPWS' Wet = 197222 [Btu/hr]

We2 = 197222 [Btu/hr] Wes = 205752 [Btu/hr]

Wea = 198928 [Btu/hr] Wes = 212576 [Btu/hr]

Wes = 209505 [Btu/hr] Wer = 218718 [Btu/hr]

Wes = 213941 [Btu/hr] Were,1 = 64797 [Btu/hr]

Wecrp2 = 64797 [Btu/hr]
No unit problems were detected.
KEY VARIABLES

Qevapcnt = 5.312E+06 [Btu/hr] {442.7 [Ton]} Predicted Chilling Capacity
Qevapchz = 5.259E+06 [Btu/hr] {438.2 [Ton]} Predicted Chilling Capacity



File:SCCP_Complex_Rev_3_CMT.EES
EES Ver. 9.711: #2191: For use only by students and faculty in Mechanical Engineering, Univ. of Idaho, Moscow, Idaho

Arrays Table: Main

h; P; T; X;

[Btu/lbm] [psial IF]
0 27.36
1 40
2 40
3 40.28 0.3916  72.21 0
4 40.28 0.3916  72.21 0
5 40.37 0.3929 72.3 0
6 40.37 0.3929 72.3 0
7 49.06 0.5243 81 0
8 49.06 0.5243 81 0
9 49.06 0.5243 81 0
10 118.2 98.36  96.55 100
11 45.25 98.36  78.12 0.1014
12 45.26 34.98 2254 0.2985
13 108.7 34.98  33.67 100
14 118.4 97.2 97.1
15 108.6 35 33.2
16 118.2 98.1 96.7
17 109 34.7 35
18 118.2 100.9 97.4
19 108.5 35.3 33.2
20 118.2 98.8 96.6
21 108.6 35.5 33.8
22 118.5 98.77  98.08 100
23 48.46 98.77  78.37 0.1426
24 48.46 34.53 21.92 0.3371
25 108.7 34.53 33.83 100
26 118.6 97.7 98.2
27 109 33.8 34.7
28 118.6 97.5 97.9
29 108.2 34.7 31.5
30 118.4 100.8 98
31 108.7 35 341
32 118.5 98.9 98.2
33 108.9 34.6 34.8
34 8.937 0.1261 40.9 0
35
36
37
38
39
40
41 2217 0.2072 541 0
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