Patm = 835
P1 = 300 + Patm

T1

T ('R717' ,P=P1 ,x=1)
hil

h ('R717' ,P=P1,x=0)
hlv = h ('R717',P=P1,x=1)
P2 = 249.06 + Patm

T2

T ('R717' ,P=P2 ,x=1)
h2|

h ('R717' ,P=P2 ,x=0)
h2v = h ('R717',P=P2 ,x=1)
P3 = 1070.1 + Patm

T3

735

h3lv = h ('R717' ,P=P3,T=T3)
P4 = 220 + Patm

T4 = T ('R717',P=P4 ,x=1)
h4al = h ('R717',P=P4 ,x=0)
hdv = h ('R717' ,P=P4 ,x=1)
P4h = 240 + Patm

T4h = T ('R717' ,P=P4h ,x=1)
hdlh = h ('R717',P=P4h ,x=0)
havh = h ('R717' ,P=P4h ,x=1)
Pnl = 1050 + Patm

Tnl = T ('R717',P=Pnl , x=1)
hnll = h ('R717',P=Pnl,x=0)
hnlv = h ('R717',P=Pnl ,x=1)
Pn2 = 2742 + Patm

Tn2 = T ('R717',P=Pn2 ,x=1)
hn2l = h ('R717',P=Pn2 ,x=0)
hn2v = h ('R717' ,P=Pn2 ,x=1)
Pn2h = 480 + Patm

Tn2h = T ('R717',P=Pn2h,x=1)



hn2lh = h ('R717' ,P=Pn2h ,x=0)
hn2vh = h ('R717' ,P=Pn2h ,x=1)
Pn3 = 270.8 + Patm

Tn3 = T ('R717',P=Pn3 ,x=1)
hn3l = h ('R717',P=Pn3 ,x=0)
hn3v = h ('R717' ,P=Pn3 ,x=1)
Pn3h = 410 + Patm

Tn3h = T ('R717',P=Pn3h ,x=1)
hn3lh = h ('R717' ,P=Pn3h ,x=0)
hn3vh = h ('R717' ,P=Pn3h ,x=1)
Pnda = 240 + Patm

Tnd = T ('R717',P=Pn4 ,x=1)
hn4l = h ('R717',P=Pn4 ,x=0)
hndv = h ('R717' ,P=Pn4 ,x=1)
Pndh = 453.3 + Patm

Tndh = T ('R717',P=Pn4h ,x=1)
hndlh = h ('R717' ,P=Pn4h ,x=0)
hndvh = h ('R717' ,P=Pndh ,x=1)
Pn5 = 260 + Patm

Tn5 = T ('R717',P=Pn5 ,x=1)
hn51 = h ('R717',P=Pn5 ,x=0)
hn5v = h ('R717' ,P=Pn5 ,x=1)
Pn5h = 510 + Patm

Tn5h = T ('R717' ,P=Pn5h ,x=1)
hn5lh = h ('R717' ,P=Pn5h ,x=0)
hn5vh = h ('R717' ,P=Pn5h ,x=1)
hnil = hn2lh + all - (hn2vh — hn2lh)

B AHrs,PD
6

w = 35

= aaaa - 0.075599 - Lpp - p('R717',P=Pn2h,x=0) - (hn2lh — hn2l)



g = 981
t = 135
t, = 135
X1 = 5
n = 35
Yireq = 0.005
Yim = 0.001
ys = 0.0015
27 + 127
INS transm, losses, permod 8
Twi = 12
Tio = 0

Trhar = T ('R717',P=Pn5h,x=1)

Trepud = T ('R717',P=Pn5,x=0)
tpump = 130
R; = 0.68
05 + 0.7 + 0.566
delT =
3
2 .
VpdActuad = T - | (2 - Rj)™ - + 1/ 6 (2
n 2
Vpd = - 1.36 LPD
4
71 6
Lpp = m;

(26943 — 0.163493) - R% - B

pd = p('R717",T=Tn2 + dely,x=0)

\./pd = m, 71/ 6
Pd - tpump
M| circ,PD,to,E = \./pd - 50 - pd
Cpg = Cp ('R717',x=0,T=Tn2 + dely)
Kpg = K 'R717',X:0,T:M

2



deIT
Tn2h — | Tn2 + >

d8|T
My circ,PD to,E © Cpd
o 2 t R
pamP —+ 02 '
hr Kpd
deIT
Tn2h — [ Tn2 + 5
Qdot1 = .
—+ 02 '
R Kpd
Tn2h — Tn2
Qdot2 =
1 i
—+ 0.2 -
hg Kpd
Cpdhot = Cp ('R717',x=0,T=Tn2 + delypo)
. , Tnl + Tn2
Kpd,hot = k|['R717 ,X=0,T=2—

dhot = p('R717,T=Tn2 + delype,x=0)

71 6

My circ,PD to,.g HG = My - —— - 50 - fd, hot
Pod * tpump
del
Tl — |Tn2 + —%

deIT,ho'( 2
M y.circ,PD,to,E,HG * Cpd,hot =

2 - toump 1 + 02 . Rj

hR Kpd,hot
de'TpD = 1
deITACC = 0.9
delT delT nl
e = e
PD,HG PD Tn2h

AH
delTACC,HG - deITACC rv.vent,PD.p,to,ACC.HG

AHrv.vent,PD.p,to,ACC

AHw pD.f,t0,ACC
) + AHrl.cont,E,to,ACC + AHrlc
deITACC, = deITACC
P AHw PD.f to,ACC AHpy vent,PD.p,to,ACC
8 + AHrI.cont,E,to,ACC + AHrIc + )

cw = Cp ('Water' ,T=T,;,P=Patm )
¢, = Cp('lce’, T=Tiepuid ,P=Patm )

pce = rho ('lce’, T\, — 1)
hg = 335



Pe = Pn5

Prhar = Pn5h

Pcomp.inet = P2

P pumping. pumperdrum = Pn2h
Pftiling.pumperdum = Pn2
Pcond = Pnl

p = p(lce', T=—2,P=Patm )

apg = W - L

higevapinet = h (R717',P=Pg ,x=1)
hype = h ('R717' ,P=Pg ,x=0)
hiveo = h ('R717' ,P=P ,x=m)

M rdotcomplete = Mrdot * 7

n

Myytrap,Eit2 = A ° Yiner ™ — —— - (1 - ptrap )
P SpeCVrv.har

2 .

My ventPDproacc = (24981 + 048) - R® - Lpp - p('R717',P=Pn2h ,x=1)

2 .

My vent,PD.pto,AcC.HG = (24981 + 048) - R; Lep - p('R717' ,P=Pnl ,x=1)

_ LS 2 2 T 3 3
Mspp = @ |50 (147 - 136%) - 28 + — (147 - 136°)

T 2

Msacc = @ ° [— (2 ’

2 Tt
- 196%) . 5 + —. (2
4 6

- 1.963)]
MitrapEtz = P ('R7L7 ,P=Prhar ,X=0) - @g * Vinner - N - ptrap
ptrap = 0.05

specVy har = Vv ('R717' ,P=Pn5h,x=1)

Cs = c ('Stainlessaisizos’ , Tr.Ebuild )

Cspp = C ('Stainlessaigizos’ , Tn2)

Cs,acc = C ('Stainlessasizos’ , T4)

a51 = p('R717' ,P=Pipa ,x=0)

ps = rho ('Stainlessaisizos’ , Tr.ebuid )

hrgevap = h ('R717' ,P=P ,x=1)

Nitevap = hue

hinar = h ('R717' ,T=Tpha ,Xx=0)



hietoacc = h ('R717',x=0,T=T,gpuig *+ Z)

45 + 5 + 4
3.2

hyvrar = h ('R717',x=1,P=Pn5h )
Nitcona = h ('R717',x=0,P=Pn5h )
hwace = h('R717' ,x=1,P=P4)
hiacc = h ('R717',x=0,P=P4)
hw.pofitoacc = h ('R717',x=1,P=Pn2)

hwpop = h ('R717',P=Pn2h ,x=1)

ag * VYiner = ((0.035 - 0.0015 - 2) - (001 - 0.0015 - 2)) -W - 30
VE = ag * VYiner - N

1
m = —

X1

o = p('R717" ,P=P,g ,x=0)

v = p(R717 P=Pg ,x=1)
Mo = - N a (2 VYireqg ¥ 2 Yim)
Mis = p- N A& 2 Ym
Mireg = P N 3 * 2 VYireg
Qoad = Mip- |—cw - Twi — hg + ¢ - TF-E-b“"dZ e ﬂ
INTeENergy = N - (u ('R717',P=Pg ,x=0) - 03 - ag * VYiner + p('R717" ,P=Pg ,x=0) + u ('R717" ,P=P ,x=1) - 03 - ag * VYipner + p('R717',P=P;g ,x=1))
= Quoad * INTenergy = My - (hnyeo— hne)
— Mr
Mrdot = 1. 60
) o ('R717' ,P=Pn2 ,x=0)
Midot check = (2.6943 — (m — 29781)) - R;" - Lpp - R
pump
APPaos = n - 0.3 - ag * Viner - p('R717',P=PrEi;(;0')6-|(-) ?.Smr-dOIaE * Yinner + p(R717" ,P=Pg ,x=1) . 100
QPRD,E = Mireq © (= Cw - Twi — hgt)
AHitrape = — Mugap etz = (Nihar — Difevap)
AHrse = Mge - Cs - (Trebuid — Trhar)

mSYE:n.&.aE.Z.yS



AHrnara = — AHrsEk

B Trebuid + Tio
AHr.har.Z = —Myp- C - 2
AHy har.3 = Pce N - ag - 2 - ¥Yim - hg

ag - VYinner VrI,E + Vrv,E

ViwEe = 0.7 - ag * Yinner

AMpcontetoacc = N - (Vig - o+ Ve pv)
AHrncontEtoacc = AMpcontEtoacc © (hiacc — hretoacc)
Qhs = AHrhar1 + AHrhaz  + AHrhars
Qns = Mpc - (Nyvohar = Neihar )
AHw pofroacc = 29781 - R - i (hn.acc = hwpoftoacd - 3 -
POt v (R717 ,x=1,P=Pn2 ) PO to,

AHne = My - (h4l = hypar)
AHv.trapE = — MptrapEte” (1 — ptrap ) - (hyohar = hwoace)
AHw vent,PD.pto,acc = — My .vent,pp.ptoacc © (Nwvppp = hwacc) - 3 - 2
AHrsacc = —Msacc - Csacc - delTace - 3 - 2
AHrspp = —Mgpp - Cspp * delTpp - 3 - 2

54
AHricire,PDto, e =  Miyicirc,PD,to,e - (hN2l — Ny circ PD to,E) - —

delt

hiciepbtoe = h|'R717 ,x=0,T=Tn2 +

Twprci = 222

Twprco = 12

Cwprc = Cp ('Water' ,T=19,P =Patm )

QPrD,PRC = — Myreq * Cwprc - (Twprci — TwPRCo )
AHyw pD.f to,ACC

AHtotaI,URD,per,mod,HG = AHr.s,E + AHrI.cont,E,to,ACC + 8

AHtotal,per,mod = QPRD,E + AHtotal,URD,per,mod + QPRD,PRC

Qerp = — Qprp,e — Qprbp,PRC

AHtotal URD,per,mod
APeryrp = e . 100

A Htotal,per,mod

AH vent,PD.p,to,ACC.HG = — My .vent,PD.ptoAcc.HG © (hnlv — hy acc)

+ AHrIc

. 3.

+ A Hrltrap,E

A Hrv.vent,PD.p,to,ACC.HG

AHrs acc HG

AHr.s,pD,HG

+ AH,rv.trap,E"'

8

8

8

+ AHucirc,PD to,E;HG + Qioad — QprD,E



5.4

AHrI.circ,PD,to,E,HG = mrl.circ,PD,to,E,HG' (hn2| - hrl.circ,PD,to,E,HG)' 7

_ , , _ _ deIT,hot
hrI.circ,PD,'(o,E,HG = h|'R717' ,x=0,T=Tn2 s —
AHrspoHe = —Mspp * Cspp © delTpppg + 3+ 2
AHrsaccHe = —Msacc *© Csacc * delTaccHe -+ 3 - 2

B AHw pD.f to,ACC AHy vent,PD.p,to, ACC.HG AHr s acc HG AHr s pPp,HG
AHtotal,URD,per,mod,HG - AHr.s,E + AHrl.cont,E,to,ACC + 8 + AHrIc + AHrltrap,E + AH,rv.trap,E"' ) + 8 + 8 AHrl.circ,PD,to,E,HG + Qload - QPRD,E
AHtotal,per,mod,Hc = AHtotal,URD,per,mod,HGc + Qprp,E + QPRD,PRC
96

I:":)Wcomp,ho'(,gas,per,module = AHtotal,per,mod,HG 54 . 3600 - |n5transm,losses,permod

AHtotal,URD, er,mod,HG
APerURD,HG = P - 100

AHtotal,per,mod,HG
AHnp = — WpmMpsmeeh - t - 60
AHrsaccp = —Mgsacc - Cs - delTacep - 3 - 2 -0
AHr.s,ACC,p

AHtotal,URD,per,mod,P = AHr.s,E + AHrl.cont,E,to,ACC + AHrlc + AHrItrap,E + AH,rv.trap,E"' ) + AHrI,P + Qload - QPRD,E
AHtotal,per,mod,p = AHtota,URD,per,mod,p  + QprD,E + QpPRD,PRC

AHtotal URD,per,mod,P
APerURDp — ’ Yp 1 y . 100

AHtotaI,per,mod,P

I:"pump.inlet = P4

Triting = T ('R717", P =Ppump.intet ,X=0)

Poump.outtet = Pn2h

I:"pump.exit = PnS

Tace = T(R717",P=Ppumpinet ,X=0)

Vdourf pump = Midot - V ('R717", P =Ppymp.outet ,X=0) - 7

W rfpump = Visc ('R717',x=0,P =Ppump.exit )

Vdotrf,pump
Velthruplates,pump = 2

d outlet.piping
4

Pammonia = P ('R717' ,x=0,P= P pump.outlet )

ptpump = p(R717",x=0,P=Pyump.outiet )



doutlet.piping = 025

Vdotrf,pump

Velocitypymp = >
doutlet.piping
4
doutlet ipi i
_ . .piping Pammonia
Repump = Velocitypymp - .
M rf.pump
. 2
Velocity,
. _ pump
mmor'headlosspump - (Kvalve + 2 - Kepow *+ Kexit) 2 . g
. . Zheight.pum
frictional.headlosspymp = f - Velocitypump o PP
2 - doutlet.piping - g
Zpump.inlet = 3
Zheight.pump = 45
f = 0.0285
f, = 0.0285
Kvave = 9
Kebbow = 1.5
Kexit = 1
WU = pof.pump © 9
P pump.inlet . 2 Zpump.inlet P sat,pum
NPSH, = —2% 4 7 et — f - VeloCitypump © - £ ‘; - LT
wu 2 - g - doutlet.piping wu
Psat,pump = Psat ('R717" , T=Tgaec )
Hordist = 7
dhor = 0.095
Kmanifod = 2
P i P i Zhei Hor g Velocity, 2
pump.inlet pump.exit height.pump dist pump
- 1000 + Head + z i = - 1000 + 2Zpg + |f ————+ 2 - K + K + Kexit + 7 |f, - —+ 2 - K + Kexit + Kmani —
p('R717' rX:OvP:Ppump.inlet ) g pump pump.inlet p('R717' :XZOvP:Ppump.exit ) g height.pump doutlet.piping elbow valve exit z dhor elbow exit manifold ):| 2 . g
Zheight.pump Hordist VeIOCitYpump
ag9ll = f- + 2 - Kepow *+ Kyave + Kext + 7 - |f; - + 2 - Kepow + Kexit + Kmanifoid
CIoutlet.piping Clhor 2 - g
P ) P .
pump.inlet pump.exit
agl2 = - 1000 + z i - 1000 + Zpgi
B B — — pump.inlet B B — — height.pump
p ('R717" ,x=0,P=Ppump.inet ) - 9 p ('R717" ,x=0,P =Ppump.exit )
Headpym Vdotrf ,pum
Wp Mps,mech = WU e 2

7 Npump - 1000



Npump = 0.85

tFMPS = 13 - 60
mrIc,FMPS ' (hrv.har - hrI.har) = AHr.har.l + AHr.har.Z + AHr.har.3
AHiic,Evps = Mpyeemps - (hiuace — Nihar )
AHnprvwps = — Wpewps - trumps
_ AHr.s,ACC,p
AHtotal,URD,per,mod,FPMs = AHrse + AHnervps  + AW v.trapET — g + AHnp + AHuprmps *+ Qioad — QprD,E
AHtotal,per,mod,FMPs =  AHtotal,URD per,mod,FPMs  + Qprp,E + QPRD,PRC
96
I:":)Wcomp,P.R,permod = AHtotal,per,mod,FMPS : >4 . 3600 - Instransm,losses,permod
Viodue = @g * VYinner - N
Vieman = 0.3 © Vmodule
Vdischarge = Vmodule
Vrecharge = Vmodule
. _ Vremain
Vdischarge = 10
. _ Vimodule
Vpump.recharge = 1 13 - 60
M rdot,act,pump.recharge =  Vpump.recharge p('R717' ,X=0,P=P4)
o _ Vimodule
Vrecharge = 25
Y
pump.recharge _ .
> - Velocitypymp.recharge
n dpump.recharge.piping
4
W i pump,FMps = Visc ('R717',x=0,P=P4)
Pammonia,FMPS = p('R717',X:0:P:P4)
_ . Pammonia, FMPS
Repump.recharge = V9|OC|typump.recharge : dpump.recharge.piping
M rf.pump,FMPS
dpump.recharge.piping = 0.05
Zhei Velocity,
_ . 2 height.pump.recharge pump.recharge
Headpump.recharge + Zpump.recharge.inlet - Zheight.pump.recharge + fFMPS ' Veloc'Wpump.recharge ' 2 d + (2 ' Kelbow + Kvalve + Kexit) 2
- g - pump.recharge. piping - g

fFMPS = 0.029



Zpump.recharge.inlet = 3

P

NPSHaZ = wu - 1000 + Zpump.recharge.inlet - fFMPS : VeIOCitypump.recharge
Psat2 = Psat ('R717" ,T=TrEpuid )
Zheight.pump.recharge = 85
Vv
pump.recharge
WprMps =  PammoniaFMps © O - Headpump.recharge Npump - 1000
APerURDP.R - AHtotal,URD,per,mod,FPMS . 100
AHtotal,per,mod,FMPS
2400 — AHtotal per,mod
W = 7696.885 — 7696.815) - . —
CR,elec ( ) 7 770141
—. 8
60
AHtotaI,per,mod,HG
WcRrelec,He = WeR,elec
A Htotal, per,mod
AHtotal,per,mod,P
WCR,eIec,P = WCR,eIec
A Htotal,per,mod
_ AHtotal,per,mod,FMPS
WcR elec,rmps =  WCcR elec
AHtotal,per,mod
Nmotor — 0.96
Cost 365 24 0 26 > 55.34
0S = . . _— + —. .
kWh, Ophours 12 12
Costcgps = WeR,elec - Cos'[kWh,Ophours - 8
Costhgps = WocR,elec,Hs - COStywn,ophours  * 8
Wp MPs,mech
Costyps = [WCR,elec,P +t COStkWh,Ophours 8
N motor
Wp mps,mech  + Wp FEmps
Costpmps = [WCR,elec,FMPS + " - Costkwn,ophours  * 8
motor
W
a555 = P,MPS,mech .8
N motor
W s
a556 = —° g
N motor
QpPrD
COPcgps =

WcRelec * Nmotor * 15 - 60

2 .

Zpump.recharge.inlet

Psat,z

2 .

g .

dpump.recharge.piping

wu

1000



Qrrp

COPheps =
WCR,eIec,HG * Nmotor * 15 - 60
QpPrD
COPwmps
(WCR,eIec,P * Nmotor t WP,MPS,mech ) - 15 - 60
QprD
COPevps =
(WcR,elec,FMPs  © Nmotor ¥ Wp mpsmech + Wprwps ) - 15 - 60
Hceps = _AHtotaI,per,mod
Hugps = _AHtotaI,per,mod,HG
Huwps = _AHtotaI,per,mod,P
Hemps = _AHtotaI,per,mod,FMPS
_ Midot
mrdot,per,plate - 35

m rdot,per,plate

M rdotpertube 30 . 2



