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APPENDIX A: THERMO-ELASTIC
COLLECTOR DESIGN PROGRAM

" h_fi =300 W/m"2C
this program generates FR graphs for turbulent flow"

Procedure Nussdlt(Re, Pr : Nus)
If (Re< 2100) Then

Nus := 3.66
Else
Nus := 0.023* Re(4/5)* Pr™\(1/3)
Endif
End Nussdlt
k =0.1"W/m"2 C; thermal conductivity"
T_a=20"C; ambient temperature"
T_f=235"C; fluid temperature"
S = 1000 "W/m"2; absorbed radiation”
U_t=7"W/m"2; top heat transfer coefficient"
U b=1"W/m"2; back heat transfer coefficient"
{h_f =300 "W/m"2; heat transfer coefficent to fluid at wall"}
W =0.03 "m; fin width"

D = 0.01 "m; tube diameter"

{ddta f = 0.01 "m; fin thickness'}

delta t = 0.005 "m; tube wall thickness'

A_c=1"m"2; collector area"

{m_dot = 0.015 "kg/s; fluid mass flow rate"}

C p=4180"Jkg C; water specific heat"

k_fluid = 0.628

mu = 0.000655 "Pa s; absolute viscosity of water at 40 C"
Pr=4.34

Re = 4*m_dot/(pi* D* mu)

call Nusselt(Re, Pr : Nus)

h f=Nus*k_fluid/D

m_f = sgrt((U_t+U_b)/(k*ddta f))
m_t = sgrt((U_t+h_f)/(k*ddlta t))
m_b = sgrt((U_b+h_f)/(k*delta t))



"energy transfer from fin to base point”

g fin=-m_f*k*ddta f*(T_b- T_a- (S/(U_t+U_b)))*tanh(m_f*(W-D)/2)
"energy transfer from tube top half to base point"

g _top = -m_t*k*ddta t*(T_b- (V/(U_t+h f))*(U t*T_a+h f*T f+
S))*tanh(m_t*pi* D/4)

"energy transfer from tube bottom half to base point”

g_bot =-m_b*k*deta t*(T_b- (/(U_b+h_f))*(U b*T_a+

h f*T_f))*tanh(m_b*pi* D/4)

"energy transfer from base point to fliud"

g end=h_frddta t*(T_b-T_f)

"energy balance on base point”
g fin+q_top+q bot=q end

"energy transfered from top half of tube to water"”

g_u_top = integral(q_flux_t,x_t,0,pi* D/4)

g flux t=h f*(T_top-T_f)

(T top - (M/(U_t+h_f)H)*(U t*T a+h T f+9)/(T _b- (U/(U_t+h f)*(U t*T a+
h f*T_f+ S)) = cosh(m_t*x_t)/cosh(m_t*pi*D/4)

"energy transfered from bottom half of tube to water”

g_u_bot = integral(g_flux_b,x_b,0,pi* D/4)

g flux b=h f*(T_bot - T_f)

(T _bot - (/(U_b+h H))*(U b*T_a+h T _f)/(T _b- (/U _b+h f))*(U b*T_a+
h_f*T_f)) = cosh(m_b*x_b)/cosh(m_b* pi* D/4)

"total energy transfered from fin and tube to water"
g _w=qend+qg u top+q u bot

"gainsif everythingisat Tf : gains= S - losses"
q_u_tf = S*((W-D)/2+pi*D/4) - (W-D)/2+pi*D/4)* (U_t+U_b)*(T_f-T_a)

"Incident radiation”
incident = S*((W-D)/2+pi*D/4)

"F =qactua / q_T=Tf"
F=qg _w/qutf

FR = (m_dot*C_p)/(A_c*(U_t+U_b))*(1-exp((-A_c*F*(U_t+U_b))/(m_dot*C _p)))
{(m_dot*C_p)/(A_c*(U_t+U_h))*(1-exp(A_c*F*(U_t+U_b)/(m_dot*C p)))}

X_ax =m_dot/A_c
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APPENDIX B: THERMAL AND
ECONOMIC ANALYSIS
PROGRAMS

“Thisprogram is used to calculate the thermal penalty associated with a three-season
system”

FUNCTION DoY_(Month)
Month = round(Month)
If Month = 0 Then DoY_= 355
If Month=1Then DoY_=1
If Month =2 Then DoY_ = 32
If Month = 3 Then DoY_ =60
If Month =4 Then DoY_ =91
If Month =5 Then DoY_ =121
If Month = 6 Then DoY_ = 152
If Month =7 Then DoY_ =182
If Month = 8 Then DoY_ =213
If Month =9 Then DoY_ =244
If Month = 10 Then DoY _ = 274
If Month = 11 Then DoY _ = 305
If Month = 12 Then DoY _ = 335
If Month = 13 Then DoY _ = 355
END

FUNCTION dope3 (FF,LF,lat)
FFn = DoY_(FF) "day of year corresponding to first fall freeze"
LFn = DoY_(LF) "day of year corresponding to last spring freeze"
goringdec = Dec_(LFn) "declination at last spring freeze"
falldec = Dec_(FFn) "declination at first fall freeze"
mindec = min(falldec,springdec) "cal culates the minimum of these two"
If (5>LF) Then
maxdec = Dec (182)
Else
maxdec = 23.45
Endif
dope3 = lat - ((maxdectmindec)/2)
END



Function

F R\F_R (A_c,FrUl,MassFR_col,C_pcol,MassFR_tk,C_p'tk,Effect CHX)

{Equation 10.2.3}
CollCapRate=MassFR_col*C _p col
TankCapRate=MassFR _tk*C _p'tk
CapRateMin=min(Coll CapRate, TankCapRate)
X=A_c*FrUl/CollCapRate
Y =CollCapRate/(Effect CHX* CapRateMin)
F R\F R =(1+X*(Y-1))(-1)

END

FUNCTION MonthFlag_(i,FF,LF)
If (I>LF) and (i<FF) then
MonthFlag_:=1

Else
MonthFlag_:=0
Endif
END

StoreCap = 81.49

"data specific to three season system”

{dope3 = 28 "collector slope'}

C_pcol3 = 4190 "JkgC; specific heat of collector loop fluid"
Effect CHX3 = 1 "heat exchanger effectiveness:”
{A_c3=75"m"2; collector ared'}

"data specific to four season system"

doped = lat "collector dope"

C_pcol4 = 3350 "JkgC; specific heat of collector loop fluid"
Effect CHX4 = 0.2 "heat exchanger effectiveness’
A_c4=A_c3"m"2; collector area’

"system parameters’

T set = 60 "tank temperature set point”

draw = 300 "I; daily water draw”

UA _tk = 0"WI/C; tank losses THESE AREN' INCLUDED YET"
GrRef = 0.2 "ground reflectance’

"collector parameters’

FrUl = 4.86 "W/m"2C; efficiency curve dope"

Frta_n = 0.741 "efficiency curve intercept”

C_p'tk = 4190 "JkgC; specific heat of tank loop fluid"
MassFR_col3 = 0.015*A_c3 "kg/s; collector loop flow rate"
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MassFR _tk3 = 0.015*A_c3 "kg/s; tank loop flow rate"
MassFR_col4 = 0.015*A_c4 "kg/s; collector loop flow rate"
MassFR _tk4 = 0.015*A_c4 "kg/s; tank loop flow rate"
T_ref = 100 "C; empirically derived reference temperature’

tabar\ta_n = 0.96 "TauAlphalncAng_(Ncov,IncAng,KL,Refrind,Alpha_n) "

F R\F R3=
F R\F R (A_c3,FrUl,MassFR _col3,C p'col3,MassFR_tk3,C p'tk,Effect CHX3)
F R\F R4=
F R\F_R (A_c4,FrUl,MassFR _col4,C_p'col4,MassFR_tk4,C_p'tk,Effect CHX4)

Lat = lookup(TableRun#,#atitude)

FF = Lookup(TableRun#,#FF) "month number in which first freeze of the year
occurs (Fall)"
LF = Lookup(TableRun#,#LF) "month number in which last freeze of the year occurs

(Spring)"

"the dope of the three season system is the average declination during its operating
period"
dope3 = dope3 (FF,LF,lat)

duplicatei=1,12 "repeat for each month of the year"

"weather data’

n[i] = AveDay (i) "mean day of the month"

DIM[i] = NumDay (i) "number of daysin the month"

Nhim[i] = DIM[i]*24 "hr; number of hoursin the month"

Time[i] = Nhim[i]*3600 "s; number of secondsin the month"

Hbar[i] = Lookup(TableRun#,(2+i))* convert(kJ,MJ) "MJIm"2; monthly average
daily radiation incident on horizontal"

Thar_a[i] = Lookup(TableRun#,(14+i)) "C; monthly average ambient
temperature’

T _maingi] = (sum(Thar_4g[i],i=1,12))/12 "C; mains water temperature for well
water"

{T_maingi] = Thar_d[i] "C; mains water temperature for surface source water"}

flag[i] = MonthFlag_(i,FF,LF)

"load data’
Load[i] = (T_set - T_maingi])*C_p'tk*draw*DIMJi] { + losses} "J'

"incident radiation"
H Tbar3 LJi] =H_TBAR'LJ (Hbar[i],Lat,n[i],d ope3,GrRef)* convert(MJ,J)



155
H_Tbar3 total[i] = H_Tbar3_LJi]*A_c3*DIM][i]
H Tbar4 LJi] = H TBAR'LJ (Hbar[i],Lat,n[i],s oped,GrRef)* convert(MJ,J)
.y
H_Tbar4 total[i] = H Tbar4 LJi]*A_c4*DIM[i]

"monthly solar fraction"

f3[i] =
SolFract HW_(FrUI,F_R\F_R3,T_ref, Thar_a[i], Timeg[i],A_c3,Load[i],Frta_n,tabar\t
a n,H Thar3_LJi],DIM[i],StoreCap,T_set, T_maingi])*Flag[i]

f4[i] =
SolFract HW_(FrUI,F_R\F_R4, T ref, Thar_a[i], Tim€[i],A_c4,Load[i],Frta_n,tabar\t
a n,H Thar4 LJi],DIM[i],StoreCap,T_set,T_maingi])

"auxiliary energy requirement”

aux3[i] = (1 - f3[i])*Load[i] "J'

aux4[i] = (1-f4[i])* Load[i] "J
end

aux_anual3 = sum(aux3[i],i=1,12)

aux_anua4 = sum(aux4[i],i=1,12)

L_anua = sum(Load[i],i=1,12)

F_anual3 = sum(f3[i]*Load[i],i=1,12)/sum(Load[i],i=1,12)
F_anua4 = sum(f4[i]*Load[i],i=1,12)/sum(Load[i],i=1,12)
F anual4 =0.75

penaty = 100*(F_anua4 - F_anual3)
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“This program is used to calculate economic sensitivities for both three and four-
Season systems.”

FUNCTION DoY_(Month)
Month = round(Month)
If Month = 0 Then DoY_= 355
If Month=1Then DoY_=1
If Month =2 Then DoY_ =32
If Month = 3 Then DoY_ =60
If Month =4 Then DoY_ =91
If Month =5 Then DoY_ =121
If Month = 6 Then DoY_ = 152
If Month =7 Then DoY_ =182
If Month = 8 Then DoY_ =213
If Month =9 Then DoY_ =244
If Month = 10 Then DoY _ = 274
If Month = 11 Then DoY _ = 305
If Month = 12 Then DoY _ = 335
If Month = 13 Then DoY _ = 355
END

FUNCTION dope3 (FF,LF,lat)
FFn = DoY_(FF) "day of year corresponding to first fall freeze"
LFn = DoY_(LF) "day of year corresponding to last spring freeze"
springdec = Dec_(LFn) "declination at last spring freeze"
falldec = Dec_(FFn) "declination at first fall freeze"
mindec = min(falldec,springdec) "cal culates the minimum of these two"
If (5>LF) Then
maxdec = Dec (182)
Else
maxdec = 23.45
Endif
dope3 = lat - ((maxdectmindec)/2)
END

Function
F R\F_R (A_c,FrUl,MassFR_col,C_pcol,MassFR_tk,C_p'tk,Effect CHX)
{Equation 10.2.3}
CollCapRate=MassFR_col*C _p'coal
TankCapRate=MassFR _tk*C _p'tk
CapRateMin=min(Coll CapRate, TankCapRate)
X=A_c*FrUl/CollCapRate
Y =CollCapRate/(Effect_ CHX* CapRateMin)
F R\F R =(1+X*(Y-1))N(-1)
END



FUNCTION MonthFlag_(i,FF,LF)

If (iI>LF) and (i<FF) then
MonthFlag_:=1
Else
MonthFlag_:=0
Endif
END
StoreCap = 81.49

"data specific to three season system”

{dope3 = 28 "collector slope'}

C_pcol3 = 4190 "JkgC; specific heat of collector loop fluid"
Effect CHX3 = 1 "heat exchanger effectiveness:”
{A_c3=75"m"2; collector ared'}

"data specific to four season system"

doped = lat "collector dope"

C_pcol4 = 3350 "JkgC; specific heat of collector loop fluid”
Effect CHX4 = 0.2 "heat exchanger effectiveness’
A_c4=A_c3"m"2; collector area’

"system parameters’
T set = 60 "tank temperature set point”
draw = 300 "I; daily water draw"

UA_tk = 0"WI/C; tank losses THESE AREN' INCLUDED YET"

GrRef = 0.2 "ground reflectance”

"collector parameters’

FrUl = 4.86 "W/m"2C; efficiency curve dope"

Frta_n = 0.741 "efficiency curve intercept”

C_p'tk = 4190 "JkgC; specific heat of tank loop fluid"
MassFR_col3 = 0.015* A_c3 "kg/s; collector loop flow rate"
MassFR_tk3 = 0.015*A_c3 "kg/s; tank loop flow rate"
MassFR_col4 = 0.015* A_c4 "kg/s; collector loop flow rate"
MassFR _tk4 = 0.015*A_c4 "kg/s; tank loop flow rate"
T_ref = 100 "C; empirically derived reference temperature’

"economic parameters’

{C_A =200"$; area dependent costs"
C_E3 = 1000 "$; area independent costs'
C_E4 =1100"$; areaindependent costs'

P_Eww = 0.0668
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P_Ess= 0.0668

P Es=P Ew
N_payback3 = 16.82

P Eww =P _Ew
P Ess=P_Es

increase = 100* (P_Es- P_Eww)/(P_Ess- P_Eww)

C_F1[1] = P_Ew*(1/0.0036) ; C_F1[2] = P_Ew*(1/0.0036) ; C_F1[3] =
P_Ew*(1/0.0036) "$/GJ; monthly varrying cost of fuel”

C_F1[4] = P_Ew*(1/0.0036) ; C_F1[5] = P_Ew*(1/0.0036) ; C_F1[6] =
P_Es*(1/0.0036)

C_F1[7] = P_Es*(2/0.0036) ; C_F1[8] = P_Es*(1/0.0036) ; C_F1[9] =
P_Es*(1/0.0036)

C_F1[10] = P_Ew*(1/0.0036) ; C_F1]11] = P_Ew*(1/0.0036) ; C_F1[12] =
P_Ew*(1/0.0036)

}

tabar\ta_ n = 0.96 {1 - 0.19* ((L/cos(theta))-1) }
"TauAlphalncAng_(Ncov,IncAng,KL,Refrind,Alpha_n) "

F R\F R3=
F R\F R (A_c3,FrUl,MassFR _col3,C p'col3,MassFR _tk3,C p'tk,Effect CHX3)
F R\F R4=
F R\F_R (A_c4,FrUl,MassFR _col4,C_p'col4,MassFR_tk4,C_p'tk,Effect CHX4)

Lat = lookup(59,# atitude)

FF = Lookup(59,#FF) "month number in which first freeze of the year occurs (Fall)"
LF = Lookup(59,#LF) "month number in which last freeze of the year occurs

(Spring)"

"the dope of the three season system is the average declination during its operating
period"
dope3 = dope3 (FF,LF,lat)

duplicatei=1,12 "repesat for each month of the year"

"weather data’

n[i] = AveDay (i) "mean day of the month"

DIM[i] = NumDay (i) "number of daysin the month"

Nhim[i] = DIM[i]*24 "hr; number of hours in the month"

Time[i] = Nhim[i]*3600 "s; number of secondsin the month"

Hbar[i] = Lookup(59,(2+i))* convert(kJ,MJ) "MJIm"2; monthly average daily
radiation incident on horizontal"
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Thar_a[i] = Lookup(59,(14+i)) "C; monthly average ambient temperature"
T_maingi] = (sum(Tbar_a[i],i=1,12))/12 "C; mains water temperature for well
water"
{T_maing]i] = Thar_d[i] "C; mains water temperature for surface source water"}
flag[i] = MonthFlag_(i,FF,LF)

"load data’
Load[i] = (T_set - T_maingi])*C_ptk*draw*DIM][i] { + losses} "J'

"incident radiation"
H Tbar3 LJi] =H_TBAR'LJ (Hbar[i],Lat,n[i],d ope3,GrRef)* convert(MJ,J)

H_Tbar3 total[i] = H_Thar3 LJi]*A_c3*DIMI[i]
H Tbar4 LJi] = H TBAR'LJ (Hbar[i],Lat,n[i],s opes,GrRef)* convert(MJ,J)

H_Tbar4 total[i] = H Tbar4 LJi]*A_c4*DIM[i]

"monthly solar fraction"

f3[i] =
SolFract HW_(FrUI,F_R\F_R3,T_ref, Thar_g[i], Time[i],A_c3,Load[i],Frta_n,tabar\t
a nH Thar3_LJi],DIM[i],StoreCap,T_set, T_maingi])*Flag[i]

f4[i] =
SolFract HW_(FrUI,F_R\F_R4, T ref, Thar_a[i], Tim€g[i],A_c4,Load[i],Frta_n,tabar\t
a nH _Thbar4 LJi],DIM[i],StoreCap,T_set, T_maingi])

"auxiliary energy requirement”
aux3[i] = (1 - f3[i])*Load[i] "J'
{cost3[i] = aux3[i]*C_F1[i]/1E9 "cost of dectricity with solar collector system"}
aux4[i] = (1-f4[i])*Load[i] "J'
{cost4[i] = aux4[i]*C_F1[i]/1E9 "cost of eectricity with solar collector system"
fullcost[i] = load[i]* C_F1[i]/1E9 "cost of dectricity without solar collector
system"}
end

aux_anual3 = sum(aux3[i],i=1,12)

aux_anua4 = sum(aux4[i],i=1,12)

L_anual = sum(Load[i],i=1,12)

F_anual3 = sum(f3[i]*Load[i],i=1,12)/sum(Load[i],i=1,12)

F anual4 = sum(f4[i]* Load[i],i=1,12)/sum(Load[i],i=1,12)

F anual4 = 0.5

penaty = 100*(F_anua4 - F_anual3)

{cost_anual 3 = sum(cost3[i],i=1,12) "anual cost of auxiliary energy"
cost_anual4 = sum(cost4[i],i=1,12) "anual cost of auxiliary energy”

savings anual3 = sum(fullcogt[i],i=1,12) - cost_anual 3 "anual solar savings'
savings anual4 = sum(fullcost[i],i=1,12) - cost_anual4 "anual solar savings'
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init_invest3=C _A*A c3+C E3
init_invest4 = C_A*A_c4+C F4
N_payback3 = init_invest3 / savings_anual 3
N_payback4 = init_invest4 / savings anual4}



APPENDIX C: FOUR-SEASON

SYSTEM TRNSYSDECK

khkkkkkk FOUR_%A&)N SYS'I'EM khkkkkkk

ASSI GN  E: \ TRNSYS\ 4SEAS. LST 6
ASSI GN  C: \ TRNW N\ WEATHER\ WDATA. DAT 10
ASSI GN  E: \ TRNSYS\ 4SEAS. PLT 11
ASSI GN  E: \ TRNSYS\ 4SEAS. OUT 12

CONSTANTS 18
START = 1

STOP = 8760
RHOG = 0. 2
CPC = 3.
CPT = 4.
FPAR = 0O
PUMPOW = 1000
=0

0
0

5
1

9

%

ubB
LDB
TMAX = 97

TM N = 87
FLOARATE = 338
EFFECT = 0.2
CTY = 137

LAT = 42.75
AREA = 6. 386
TMAINS = 8.092

EQUATI ONS 1
EQUATI ONS BETA = LAT

SI MULATION  START  STOP 0. 25
WDITH 72

LIMTS 75 50

TOLERANCES . 001 . 001

UNIT 1 TYPE 54 WEATHER CGENERATOR

PARAMETERS 6

*UNNTS LU CdTY# TEMP-MODEL RAD-CCORR RAND
1 10 ATY 1 1 1

UNIT 2 TYPE 16 RADI ATI ON PROCESSOR

PARAMETERS 9

*MCDE TRACK- MODE SURF- MODE DAY LAT SC SHFT SMOOTH | E
7 1 1 1 LAT 4871 O 0 -1
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1

I 7

* | DN TD1 TD2 RHOG SLOPE AZI MJTH
1,7 1,8 1,19 1,20 0,0 0,0 0,0

0.0 0.0 0.0 1.0 RHOG BETA  GAMVA

UNIT 3 TYPE 2 SOLAR PUMP CONTROLLER

PARAMETERS 4

*CYC/ TSTEP UDB LDB Hi LI M-CUTQUT

5 0 0 100

I NPUTS 4

*THOT TCOLD HI LI M- CUTOUT | NPUT- CNTRL
8,1 4,5 4,6 3,1

20. 20. 100. 0.0

UNIT 4 TYPE 60 STRATIFI ED FLU D STORAGE TANK

PARAMETERS 32

*I NLET PCSI TI ON MODE, TANK VOLUME, TANK HEI GHT, PERI METER, HElI GHT | NLET
1

*HEI GHT QUTLET 1, HEIGHT I NLET 2, HElI GHT QUTLET 2, CP, RHO UTANK, K
DELTA K

*T-BA L, AUX MCDE, HT AUX1, HT STAT1, T SET1, DEL TDB1, QAUX1, HT AUX2,
HT STAT2,

*T SET2, DEL TDB2, QAUX2, UA FLUE, T FLUE, CRI T FRACTIQN, GAS AUX, HX
MCDE, UMODE

1 0.3028 1.5 -1 1.5 0.1 0.1 1.5 4.19 1000. O. 2.304 O.

100. 1

1.2 1.2 60 O 16000 0.7 0.7 60 O 16000 0. 20. 10 0 O O O
I NPUTS 9

*MDOT1 IN, MDOT1 OQUT, MDOT2 IN, MDOT2 QUT, T1 IN, T2 IN T ENvV, GAMVAL,
GAMVAZ

6,4 6,4 0,0 0,0 6,3 0,0 0,0 0,0 0,0

200. 200. -2. 12.1 20. TMAINS 20. 1.0 1.0

DERI VATI VES 5

20 20 20 20 20

EQUATI ONS 1
*FOUR SEASON SYSTEM
ONTRL = [3, 1]

UNFT 5 TYPE 3 TANK LOOP PUWP

PARAMETERS 4

*MAX- FLOW SPEC- HEAT MAX- PONER FRAC- 2- THERM
FLOARATE  CPT 1000 FPAR

I NPUTS 3

*T-IN MFLOWM I N  CONTROL- FUNC

4,5 4,2 CNTRL

*4,5 4,2 CNTRLFUNCSC

20. 200. 1.0

UNIT 6 TYPE 5 HEAT EXCHANGER

PARAMETERS 4

*MODE = CONST EFF, EFFECTIVNESS, CP HOT SIDE, CP COLD Sl DE
4 EFFECT CPC CPT

I NPUTS 4

*T HOT IN, MDOT HOT, T COLD IN, MDOT COLD

8,1 8,2 51 5,2
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20. 200. 20. 200.

UNIT 7 TYPE 3 COLLECTOR LOCP PUMP

PARAMETERS 4

*MAX- FLOW SPEC- HEAT MAX- PONER FRAC- 2- THERM
FLOARATE  CPC 1000 FPAR

I NPUTS 3

*T-IN MFLOW I N  CONTROL- FUNC

6,1 6, 2 CNTRL

*6, 1 6, 2 CNTRLFUNCSC

20. 200. 1.0

UNIT 8 TYPE 1 SOLAR COLLECTOR

PARAMETERS 14

*MODE, SERIES, AREA, CP FLU D, EFFI Cl ENCY MODE, G TEST, AQ Al

*A2, EPSILON HTX, CP TANK, OPTI CAL MODE, 1ST CORDER | NC ANG MAD, 2ND
CORDER

1 1 AREA CPC 1 338 0.741 17.496 0.0 -1 CPT 1 0.190 O

I NPUTS 10

*TIN, MDOT IN, MDOT COLD SIDE, TAMB, ITILT, I1HOR | DIF, RHOG | NCANG
SLOPE

7,1 7,2 0,0 1,4 2,6 2,4 25 00 29 00
20. 200.0 0.0 15.6 0.0 0.0 0.0 RHOG 0.0 BETA
EQUATI ONS 1

WATER REQ = [ 4, 11] - [4, 10]

UNIT 10 TYPE 24 | NTEGRATOR

PARAMETERS 1

*TI ME | NTERVAL OVER VH CH TO BE | NTEGRATED

-1

| NPUTS 3

*SOLAR RADI ATI ON, USEFUL ENERGY TO TANK, QAUX FROM TANK
2,6 WATER REQ 4, 12
0.0 0.0 0.0

EQUATI ONS 3

Q SOLAR = [10, 1]/ 1000000* AREA
Q LOAD = [10, 2]/1000000

Q _AUX = [ 10, 3]/1000000

UNIT 9 TYPE 65 ONLI NE PRI NTER
PARAMVETERS 14

4 1 -100 100 -0.581 13207020
| NPUTS 5

1,4 8,1 4,6 4,5 CNIRL

TAMB COLOUT TANKTOP TANKBOT CONTROL
LABELS 4

C kg/ hr

Temp vs. Time

Flowate into Tank vs. Tine

UNIT 14 TYPE 25 YEARLY VALUE PRI NTER
PARAMETERS 5
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*TI ME | NTERVAL AT WHI CH PRI NTI NG WLL OCCUR, TIME AT WH CH PRI NTI NG
STARTS

*TI ME AT WHI CH PRI NTI NG FI NI SHES, LOG CAL UNIT, UNITS

-1 START STOP 12 1

| NPUTS 3

Q SOLAR Q LOAD Q AUX

Q SOLAR Q LOAD Q AUX

QA G G

END
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saxxxxkxk TH S FILE MODELS A THREE- SEASON SYSTEM * %% %k xx
*khkkkkkkk* I\D RECLJRC:LJLATIO\I *kkkkkkk*x

ASSI GN  E: \ TRNSYS\ 3SEAS. LST 6
ASSI GN  C: \ TRNW N\ WEATHER\ WDATA. DAT 10
ASSI GN  E: \ TRNSYS\ 3SEAS. PLT 11
ASSI GN  E: \ TRNSYS\ 3SEAS. QUT 12

CONSTANTS 19
START =1
STOP 760
RHOG .2
CPC = 4.19
CPT = 4.19
FPAR = 0
PUMPOW = 1000
GAMWA = 0
UubB = 0

LDB = 0
TMAX = 97

TM N = 87
FLOARATE = 338
EFFECT = 1
CTY = 137

LAT = 42.93
AREA = 6.948
BETA = 39. 07
TMAINS = 8.092

=8
=0

SI MULATION  START  STOP 0. 25
WDITH 72

LIMTS 75 50

TOLERANCES . 001 . 001

UNIT 1 TYPE 54 WEATHER CGENERATOR

PARAMETERS 6

*UNNTS LU CATY# TEMP-MODEL RAD-CCORR RAND

1 10 ATY 1 1 1

UNIT 2 TYPE 16 RADI ATI ON PROCESSOR

PARAMETERS 9

*MCDE TRACK- MODE SURF- MODE DAY LAT SC SHFT SMOOTH | E
7 1 1 1 LAT 4871 O 0 -1

I NPUTS 7
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* | DN TD1 TD2 RHOG SLOPE AZI MJTH
1,7 1,8 1,19 1,20 0,0 0,0 0,0
0.0 0.0 0.0 1.0 RHOG BETA  GAWMVA
UNIT 3 TYPE 2 SOLAR PUVMP CONTROLLER
PARAMETERS 4

*CYC/ TSTEP UDB LDB Hi LI M-CUTQUT

5 0 0 100

I NPUTS 4

*THOT TCOLD HI LI M- CUTOUT | NPUT- CNTRL

8,1 4,5 4,6 3,1

20. 20. 100. 0.0

UNIT 4 TYPE 60 STRATIFI ED FLU D STORAGE TANK

PARAMETERS 32

*I NLET PCSI TI ON MODE, TANK VOLUME, TANK HEI GHT, PERI METER, HElI GHT | NLET
1

*HEI GHT QUTLET 1, HEIGHT I NLET 2, HElI GHT QUTLET 2, CP, RHO UTANK, K
DELTA K

*T-BA L, AUX MCDE, HT AUX1, HT STAT1, T SET1, DEL TDB1l, QAUX1, HT AUXZ,
HT STAT2,

*T SET2, DEL TDB2, QAUX2, UA FLUE, T FLUE, CRIT FRACTION, GAS AUX, HX
MCDE, UMODE

1 0.3028 1.5 -1 1.5 0.1 0.1 1.5 4.19 1000. O. 2.304 O.

100. 1
1.2 1.2 60 O 16000 0.7 0.7 60 O 16000 0. 20. 10 0O O O O
I NPUTS 9
*MDOT1 IN, MDOT1 OQUT, MDOT2 IN, MDOT2 QUT, T1 IN, T2 IN, T ENV, GAWMVAL,
GAMVAZ

6,4 6,4 0,0 0,0 6,3 0,0 0,0 0,0 0,0
200. 200. -2. 12.1 20. TMAINS 20. 1.0 1.0
DERI VATI VES 5

20 20 20 20 20

UNIT 11 TYPE 14 THREE SEASON SYSTEM FLOARATE FORCI NG FUNCTI ON
PARAMETERS 10

1 0 3624 0 3624 1 6552 1 6552 O

*1 0 2880 0 2880 1 7296 1 7296 O

EQUATI ONS 1
*THREE SEASON SYSTEM
CNTRL = [11,1]*[3, 1]

UNFT 5 TYPE 3 TANK LOOP PUWP

PARAMETERS 4

*MAX- FLOW SPEC- HEAT MAX- PONER FRAC- 2- THERM
FLOARATE  CPT 1000 FPAR

I NPUTS 3

*T-IN MFLOWM I N CONTROL- FUNC

4,5 4,2 CNTRL

20. 200. 1.0

UNIT 6 TYPE 5 HEAT EXCHANGER

PARAMETERS 4

*MODE = CONST EFF, EFFECTIVNESS, CP HOTI S| DE, CP COLD Sl DE
4 EFFECT CPC CPT
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I NPUTS 4
*T HOT IN, MDOT HOT, T COLD IN, MDOT COLD
8,1 8,2 51 5,2
20. 200. 20. 200.

UNIT 7 TYPE 3 COLLECTOR LOCP PUMP
PARAMETERS 4
*MAX- FLOW SPEC- HEAT MAX- PONER FRAC- 2- THERM

FLOARATE  CPC 1000 FPAR
I NPUTS 3

*T-IN MFLOW I N  CONTROL- FUNC

6,1 6, 2 CNTRL

20. 200. 1.0

UNIT 8 TYPE 1 SOLAR COLLECTOR

PARAMETERS 14

*MODE, SERIES, AREA, CP FLU D, EFFI G ENCY MODE, G TEST, AO Al

*A2, EPSILON HTX, CP TANK, OPTI CAL MCODE, 1ST CORDER | NC ANG M2D, 2ND
CORDER

1 1 AREA CPC 1 338 0.741 17.49 0.0 -1 CPT 1 0.190 O

I NPUTS 10

*TIN, MDOT IN, MDOT COLD SIDE, TAMB, ITILT, I1HOR |IDF, RHOG | NCANG
SLOPE

7,1 7,2 0,0 1,4 2,6 2,4 25 00 29 00
20. 200.0 0.0 15.6 0.0 0.0 0.0 RHOG 0.0 BETA
EQUATI ONS 1

WATER REQ = [ 4, 11] - [4, 10]

UNIT 10 TYPE 24 | NTEGRATOR

PARAVETERS 1

*TI ME | NTERVAL OVER WH CH TO BE | NTEGRATED

-1

| NPUTS 3

*SOLAR RADI ATI ON, USEFUL ENERGY TO TANK, QAUX FROM TANK
2,6 WATER REQ 4, 12

0.0 0.0 0.0

EQUATI ONS 3

Q SOLAR = [10, 1]/ 1000000* AREA
Q LOAD = [10, 2]/1000000

Q AUX = [10, 3]/1000000

UNIT 9 TYPE 65 ONLI NE PRI NTER
PARANMVETERS 14

4 1 -100 100 -0.581 13207020
| NPUTS 5

1,4 8,1 4,6 4,5 CNIRL

TAMB COLOUT TANKTOP TANKBOT CONTROL
LABELS 4

C kg/ hr

Temp vs. Time

Flowate into Tank vs. Tine

UNIT 14 TYPE 25 YEARLY VALUE PRI NTER
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PARAVETERS 5

*TI ME | NTERVAL AT WHI CH PRI NTING WLL OCCUR TIME AT WH CH PRI NTI NG
STARTS

*TI ME AT WHI CH PRI NTI NG FI NI SHES, LOG CAL UNIT, UNITS

-1 START STOP 12 1

| NPUTS 3

Q SOLAR Q LOAD Q AUX

Q SOLAR Q LOAD Q AUX

QA G G

END



sxxxxxkxk TH S FILE MODELS A THREE SEASON SYSTEM * %%k xsx
*khkkkkkkk* WTH REQJRCLJLATIO\I *kkkkkkk*%x

ASSI GN D \ TRNSYS\ 3RECI RC. LST 6
ASSI GN  C: \ TRNW N\ WEATHER\ WDATA. DAT 10

ASSI GN D \ TRNSYS\ 3RECI RC. PLT 11
ASSI GN D\ TRNSYS\ 3RECI RC. QUT 12

FPAR = 0

FLOARATE = 338
EFFECT = 1
CTY = 192

LAT = 46. 47
BETA = 36.85
AREA = 6. 948
TMAINS = 4. 417
PUA = 5

SI MULATION  START  STOP 0. 25
WDITH 72

LIMTS 75 50

TOLERANCES . 001 . 001

UNIT 1 TYPE 54 WEATHER CGENERATOR

PARAMETERS 6

*UNNTS LU CATY# TEMP-MODEL RAD-CCORR RAND
1 10 ATY 1 1 1

UNIT 2 TYPE 16 RADI ATI ON PROCESSOR
PARAMETERS 9
*MCDE TRACK- MODE SURF- MODE DAY LAT SC SHFT SMOOTH
7 1 1 1 LAT 4871 O 0
I NPUTS 7
* DN TD1 TD2 RHOG SLOPE AZI MJTH
, 8 1,19 1,20 0,0 0,0 0,0
0 0.0 1.0 RHOG BETA GAMVA

I
1,7 1
0.0 0

UNIT 3 TYPE 2 SOLAR PUMP CONTROLLER
PARAMETERS 4
*CYC/ TSTEP UDB LDB Hi LI M-CUTQUT

5 0 0 100
I NPUTS 4

169
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*THOT TCOLD HI LI M- CUTOUT | NPUT- CNTRL
8,1 4,5 4,6 3,1

20. 20. 100. 0.0

UNIT 12 TYPE 2 FREEZE PROTECTI ON CONTROLLER

PARAMETERS 4

*CYC/ TSTEP UDB LDB Hi LI M-CUTQUT

5 0 0 100

I NPUTS 4

*THOT TCOLD HI LI M- CUTOUT | NPUT- CNTRL
1,4 0,0 4,6 12,1

20. 5. 100. 0.0

UNIT 4 TYPE 60 STRATIFI ED FLU D STORAGE TANK

PARAMETERS 32

*I NLET PCSI TI ON MODE, TANK VOLUME, TANK HEI GHT, PERI METER, HElI GHT | NLET
1

*HEI GHT QUTLET 1, HEIGHT I NLET 2, HElI GHT QUTLET 2, CP, RHO UTANK, K
DELTA K

*T-BA L, AUX MCDE, HT AUX1, HT STAT1, T SET1, DEL TDB1l, QAUX1, HT AUXZ,
HT STAT2,

*T SET2, DEL TDB2, QAUX2, UA FLUE, T FLUE, CRIT FRACTION, GAS AUX, HX
MCDE, UMODE

1 0.3028 1.5 -1 1.5 0.1 0.1 1.5 CPT 1000. O. 2.304 0. 100.

1

1.2 1.2 60 O 16000 0.7 0.7 60 O 16000 0. 20. 10 0O O O O
I NPUTS 9

*MDOT1 IN, MDOT1 OUT, MDOT2 IN, MDOT2 QUT, T1 IN, T2 IN, T ENV, GAWAL,
GAMVAZ

6,4 6,4 0,0 0,0 6,3 0,0 0,0 0,0 0,0
200. 200. -2. 12.1 20. TMAINS 20. 1.0 1.0
DERI VATI VES 5

20 20 20 20 20

UNIT 11 TYPE 14 THREE SEASON SYSTEM FLOARATE FORCI NG FUNCTI ON
PARAMETERS 10
1 0 2880 0O 2880 1 729 1 729 O 8760 O

EQUATI ONS 4
* THREE SEASON SYSTEM

ONTRLFUNCSC = [ 11, 1] *[ 3, 1]

CNTRLFUNCFP = [ 11, 1] *NOT([ 12, 1])

CNTRL = GT( ( CNTRLFUNCSC+CNTRLFUNCFP) , 0)

VAR = 5

UNFT 5 TYPE 3 TANK LOOP PUWP

PARAMETERS 4

*MAX- FLOW SPEC- HEAT MAX- PONER FRAC- 2- THERM
FLOARATE  CPT 1000 FPAR

I NPUTS 3

*T-IN MFLOW I N  CONTROL- FUNC

4,5 4,2 CNTRL

20. 200. 1.0

UNIT 6 TYPE 5 HEAT EXCHANGER
PARAMETERS 4



*MODE = CONST EFF, EFFECTIVNESS, CP HOT SIDE, CP COLD Sl DE
4 EFFECT CPC CPT

I NPUTS 4

*T HOT IN, MDOT HOT, T COLD IN, MDOT COLD

13,1 13,2 51 5,2

20. 200. 20. 200.

UNIT 7 TYPE 3 COLLECTOR LOCOP PUMP
PARAMETERS 4
*MAX- FLOW SPEC- HEAT MAX- PONER FRAC- 2- THERM

FLOARATE  CPC 1000 FPAR
I NPUTS 3

*T-IN MFLOMI N CONTROL- FUNC

6,1 6, 2 CNTRL

20. 200. 1.0

UNIT 12 TYPE 31 PI PI NG FROM HEAT EXCHANGER TO COLLECTCOR
PARAMETERS 6

*IN DPAM LENGTH, UA, DENS, CP, INTIAL TEMP

0.01 20 PUA 1000 CPC 20

I NPUTS 3

*TIN, MDOT IN, TENV

7,1 7,2 0,0

20. 200. 20.

UNIT 8 TYPE 1 SOLAR COLLECTOR

PARAMETERS 14

*MODE, SERIES, AREA, CP FLU D, EFFI G ENCY MODE, G TEST, AO Al

*A2, EPSILON HTX, CP TANK, OPTI CAL MODE, 1ST CORDER | NC ANG MOD, 2ND
CRDER

1 1 AREA CPC 1 338 0.741 17.49 0.0 -1 CPT 1 0.190 O
I NPUTS 10

*TIN, MDOT IN, MDOT COLD SIDE, TAMB, ITILT, 1HOR I1DF, RHOG | NCANG
SLOPE

12,1 12,2 0,0 1,4 2,6 2,4 2,5 0,0 2,9 0,0

20. 200.0 0.0 15.6 0.0 0.0 0.0 RHOG 0.0 BETA

UNIT 13 TYPE 31 PIPI NG FROM COLLECTOR TO HEAT EXCHANGER
PARAMETERS 6

*IN DOAM LENGTH, UA, DENS, CP, INTIAL TEMP

0.01 20 PUA 1000 CPC 20

I NPUTS 3

*TIN, MDOT IN, TENV

8,1 8,2 0,0

20. 200. 20.

EQUATI ONS 1
WATER REQ = [ 4, 11] -[4, 10]

UNIT 10 TYPE 24 | NTEGCRATOR

PARAMETERS 1

*TI ME | NTERVAL OVER WH CH TO BE | NTEGRATED

-1

I NPUTS 3

*SCOLAR RADI ATI ON, USEFUL ENERGY TO TANK, QAUX FROM TANK

171
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2,6 WATER REQ 4, 12
0.0 0.0 0.0

EQUATI ONS 3

Q SOLAR = [10, 1]/ 1000000* AREA
Q LOAD = [10, 2]/1000000

Q_AUX = [ 10, 3]/1000000

UNIT 9 TYPE 65 ONLI NE PRI NTER
PARAMETERS 14

51 -100 100 -0.58 113207020
| NPUTS 6

1,4 VAR 8,1 4,6 4,5 CNIRL

TAMB 5 COLOQUT TANKTOP TANKBOT CONTRCL
LABELS 4

C kg/ hr

Temp vs. Time

Flowate into Tank vs. Tine

UNIT 14 TYPE 25 YEARLY VALUE PRI NTER
PARAVETERS 5

*TI ME | NTERVAL AT WHI CH PRI NTING WLL OCCUR TIME AT WH CH PRI NTI NG
STARTS

*TI ME AT WHI CH PRI NTI NG FI NI SHES, LOG CAL UNIT, UNITS

-1 START STOP 12 1

| NPUTS 3

Q SOLAR Q LOAD Q AUX

Q SOLAR Q LOAD Q AUX

QA G G

END
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APPENDIX E: EUSESIA TRNSED
DECK

kkkkkk*k FOUR SEA%N SYS'I'EM kkkkkk*k

* TRNSED

ASSI GN C: \ EUSESI A\ SYSTEMS\ SDHWMLTNK. LST 6
ASSI GN C: \ EUSESI A\ SYSTEMS\ SDHWMLTNK. QUT 10
ASS| GN C: \ EUSESI A\ SYSTEMS\ SDHWMLTNK. PLT 22
ASSI GN C: \ EUSESI A\ SYSTEMS\ HRDRAW DAT 15

hkhkhkkhkhhkhkhkhhhdhhhhhhhhdhhhhdhhhdh dhdhdhhdhddhhdhhdhhdhhdhdhdhdddrhdddrdrdrxdxik

* This file predicts the required electric input to a solar *
* donestic hot water system *

hkhkkkhkhhkhkhkhhhhkhhhdhhhhhhhhdhhhdhdhhdhddrhdhhdrhdhdhdhdrdhdhdrdrddddrddddrdrrdx*

*|* Uility Location

ASSI GN c: \ EUSESI A\ syst ens\ MLKWIR91. DAT 14
*]< Gty inwhich utility is located in
| C: \ EUSESI A\ SYSTEMS\ Cl Tl ES. DAT| 1] 2| 0
EQUATI ONS 1

LAT = 4.2950E+0001

*]< Gty inwhich utility is located in
| C: \ EUSESI A\ SYSTEMS\ Cl Tl ES. DAT| 0] 3| 0
ASSI GN c: \ EUSESI A\ syst ems\ MLKMAI N. DAT 16
*|< Gty inwhich utility is located in
| C: \ EUSESI A\ SYSTEMS\ Cl Tl ES. DAT| 0] 4] 0

*l*

***  SYSTEM PARAMETERS ***

EQUATIONS 6
TSET = 60
TENV = 18

T =6.9

*

* Determne the required draw fromthe tank. The foll owi ng equations
* account for the tenpering valve. They result fromsinplified mass
* and energy bal ances where Cp i s assumed constant.

TDI FF = MAX(0.000001, ([4,3] -[39,1]))

TNKDRW = M N(1, ((TSET-[39, 1] )/ TDI FF))

M.QAD = [ 29, 1] * TNKDRW

*

* ko STANDARD ELECTRI C HOT WATER TANK  ** *
* Volume: 80 gallon tank -> .3028 n8;
* Height: 4.89 ft -> 1.4905 m
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* Rvalue: 16.7 (hr-ft2-F/ Btu) -> ULCSS=1/R

* . 0489194 (hr - n2-C kJ)/ (hr-ft2-F/ Btu)

*|* Tank Paraneters

EQUATI ONS 7

TNKSI ZE = 8. 0000E+0001

*| Tank size | gal | gal | O] 1] O] 1000. 00| O

TSI ZE = . 0037854* TNKSI ZE

HEl GHT1 = 4. 8900E+0000

*| Tank hei ght |ft]ft] O] 1] 0] 0030.00|0
HEl GHT = . 3048*HEl GHT1

RVAL = 1.6700E+0001

*| Insul ati on R-Val ue | hr -ft2-F/ Btu| hr-ft2-
F/ Bt u| 0] 1| O] 1000. 00| O

RVAL1 = RVAL *.0489194
ULCSS = 1/ RVALL

*l*

EQUATI ONS 3

NCDES = 3

Tdbnd = 0.0

Qmax = 4. 5*3600

*|* Sol ar Col | ector Paraneters

EQUATI ONS 8

COL = 2. 0000E+0000

*| Number of collectors in array [ ]]0] 1] 1] 000100| 0

AREA1 = 6. 0000E+0001

*| Area of a single collector | ft2|ft2] 0] 1] 0] 100. 00| 0

AREA = COL* AREA1*. 0929

FRta = 7.0000E- 0001

*| FRta of collector (Intercept efficiency)|]|]|O]1]0]001.00|3
FRUL1 = 7.4900E- 0001

*| FRUL of collector (- slope of eff. curve)|Btu/hr-ft2-F Btu/hr-ft2-
F| 0] 1] 0] 10. 000| O

FRUL = 20.4418*FRUL1

SLOPE = 3. 8000E+0001

*| Collector slope

| degr ees| degr ees| 0| 1] 0] 0090. 0] O

GAMVAI = 0. 0000E+0000

*| Collector azinuth angle | degr ees| degrees| 0| 1| -
90| 0090.0] 0

*l*

*| * Heat Exchanger Paraneters

EQUATI ONS 3

EFF = - 1. 00000E+0000

*| Heat exchanger effectiveness (-1 => no hx) ||]O0]1] -1|01. 000|3
CPH1 = 5.7700E-0001

*| Specific heat of collector side fluid | Btu/l bm-R Btu/ | bm
R 0] 1] 0] 10. 000| O

CPHOT = 4. 1868* CPHL

*l*

*|* Punp Paraneters
EQUATI ONS 2
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PMPPOWN = 5. 0000E+0001

*| Punpi ng power | WW 0| 1] 0] 10000. 0] O
PPUWP = PMPPOW * 3.6

*l*

*|* Daily Water Draw

EQUATI ONS 3

FACTOR = 3. 7853

M.TPLY = 6. 9000E+0001

*| Average daily water draw (69 gal/day standard)

| gal / day| gal / day]| O] 1] 0] 100. 0| O

SCALE = FACTOR*MLTPLY/ 69

* Standard draw based on approxi mately 69 gal/day. MTPLY allows the
* user to scale the draw as seen fit. By setting the value to 69 the

* draw remai ns the sane.
*l*

**% Sl MULATI ON PARAMETERS * **

EQUATI ONS 4

START =1

START1 = START-48
STOP = 8760

step = .1

EQUATI ONS 4

RHOG=2. 0000E- 01

STRTDAY = | NT( START1/ 24)
SC=4871

SHI FT=0.0

** Calculate the critical tinestep for the system
** Use STEP <t _critical as a safety factor

** Cal cul ati on done assum ng an instantaneous draw wil |
** pbe no nore than 10 gal/hr

*EQUATI ONS 6

*MASSTANK = TNKSI ZE* FACTOR

*MCOLL = 325

*M_LOQADMVAX = 10* FACTOR

*TCRI T = (MASSTANK/ NCDES) / ( MCOLL+M_QADIVAX)

*STEP1 = TCRI T/ 2

*STEP = M N(STEP1, 1)

SI MULATI ON START1 STOP STEP
LIMTS 120 120 120
TOLERANCES 0. 001 0. 001
WDTH 72

UNIT 19 TYPE 9  DATA READER FOR WEATHER
PARAMETERS 14
* MODE N dT(HOURS) DUVHOURS  Tdb(C) I (kJ/n2-hr)
-2 3 1 110 -210 -310
* LU FRMT
14 0
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*QUTPUTS: 2, Tdb 3,1

UNIT 29 TYPE 9 DATA READER FOR WATER DRAWS
*WATER DRAWS:  (GAL/HR) - CONVERT TO KGE HR
* USE FACTCR 3. 7853, FURTHER SCALI NG DONE W TH M.TPLY/ 69

PARAMETERS 8
* MODE N STEP DRAWS  MJULT ADD LU FRMI
-2 1 1 -1 SCALE 0. 15 0

* QUTPUTS: 1, DRAW KG HR)

UNIT 5 TYPE 14 THREE SEASON SYSTEM FORCI NG FUNCTI ON
PARAMETERS 12
START1 0 2880 0 2880 1 7296 1 7296 0 STOP O

UNIT 39 TYPE 9 DATA READER FOR MAI NS WATER TEMPERATURE
* CHANGES MONTHLY BUT READ IN DAILY (24 HOURS) FROM F- CHART FI LE
PARAMIERS 8
* MODE N dT(HOURS) TMAINS LU FRMI
-2 1 24 -110 16 0
*QUTPUTS: 1, TMAI NS

UNIT 16 TYPE 16 RADI ATl ON PROCESSOR

PARAMETERS 8
* RADMODE TRACKMODE TILTMODE DAY LAT SC SH FT SMOOTH
3 1 1 STRTDAY LAT SC SHFT 2

| NPUTS 6

* | (kJ/n2-hr) tdl  td2  RHOG  BETAL  GAMVAI [ Next(IF
SMOOTHE=L)

19, 3 19,19 19,20 RHOG  SLOPE  GAMVAI 19, 23
0.0 0.0 0.0 RHOG SLOPE GAMAI 0.0

*QUTPUTS: 1,10 2, THETAz 3, GAMMAs 4,1 5,1d 6,1 T1 7,1bT1 8,1dT1 9, THETAL
* 10, BETA1 11,1 T1

EQUATI ONS 3
RADT = [16, 6] *[5, 1]
RAD = [ 16, 4] *[ 5, 1]
RADD = [ 16, 5] *[ 5, 1]

UNFT 1 TYPE 1 COLLECTOR

PARAMETERS 14

* MDE N AREA O EFFMD G ao al a2 EFF CpHX OPTMD bo bl
1 1 AREA 4.19 1 50 FRea FRUL 0. EFF CPHOT 1 0.1

0.0
| NPUTS 10

* Ti  nCOLL(kg/hr) nHX Tanmb It | Id  RHOG THETA BETA( SLOPE)
3,1 3,2 3,2 19,2 RADT RAD RADD 0,0 16,9 16,10

TI 0.0 0.0 20.0 0.0 0.0 0.0 RHOG 0.0  40.0

*QUPUTS: 1, To 2,mo 3, ai n(KJ/HR) 4, Tco

EQUATI ONS 2
DEADH = 0
DEADL = 0O

UNIT 2 TYPE 2 PUMP CONTROLLER



PARAMVETERS 4
* NSTK dThi gh dTl ow Tmax
11 DEADH DEADL 100

I NPUTS 4

* Th Tl TIN GAVMAI
1,4 4,1 0,0 2,1
15. TI 100 0.

*QUTPUTS: 1, GAMVAO ( CONTRCL FUNCTI ON)

UNIT 3 TYPE 3 PUWP

PARANVETERS 4
* mvAX Cp Prmax ( KJ/ HR) f par
325. 4.19 PPUWP 0.
| NPUTS 3
* i ' GAMVA
4,1 4,2 2,1
T 0.0 0.0

*QUTPUTS: 1, To 2,no 3, Ppunp

EQUATI ONS 1
HGT = - HEl GHT

UNIT 4 TYPE 4 SCOLAR STORAGE TANK
PARAMETERS 20
*MODE VO CPF RHO ur HI AUXMOD
2 TSIZE 4.19 1000 ULCSS HGT 1
*TSET  DIDB  QAUX1 NCDE2 NCDET?2 TSET2
TSET 0 QVAX 1 1 TSET
*UAFLUE TFLUE  TBAL
0.0 TENV 100
I NPUTS 5
*TH WMH TL M TENV
1,1 1,2 39,1 MQAD 0,0
0.0 0.0 TI 0.0 TENV
DERI VATI VES NCDES
TSET TSET TSET TSET TSET TSET TSET TSET TSET
*UNIT 4 QUTPUTS:

NODEL  NODETI
1 1
DIDB2  QAUX2
0 0.0

*QUTPUTS: 1, Trtn 2, mrtnCCOLL 3, Tload 4, mload 5, Qenv,loss 6,

* 7, dEt ank 8, Qaux1

UNIT 24 TYPE 24 | NTEGRATOR
PARAMETERS 1

*DT RESET

1
I NPUTS
4,8 3,
0.0 O

OQWwWN

EQUATI ONS 2

* Electric input required (auxiliary heater + collector punp power)

ELECDM\D = ([ 24, 1] +[ 24, 2])/ 3600
QAUX = ([24,1])/3600
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UNIT 25 TYPE 25 PRI NTER
PARANMVETERS 4
* DT TON TOFF LU
1 START STCP 10
| NPUTS 1
el ecdmd
el cdnd

UNIT 26 TYPE 25 plotting PRI NTER
PARANVETERS 4
* DT TON TOFF LU
1 START STOP 22
| NPUTS 1
el ecdmd
el cdnd

*|* Display Options

EQUATI ONS 2

| REF = 1/ ( STEP+. 00001)

SWTCH = 1. 0000E+0000

*| On-line graphic display (1l=yes, -1=no)

UNIT 65 TYPE 65 ON-LINE PRI NTER
PARAMETERS 14
*NTOP NBOT YMNL YMAXI YM N2 YMAXZ2 | REF

2 1 0 5 0 80 | REF
*NPIC GRID STOP SYMBOLS QUTPUT
1 7 0 2 SW TCH
I NPUTS 3

QAUX ELECDWND M.QAD
Qaux ElecDmd M ank
LABELS 4

kW kg/ hr

Aver age System Demand
Tank Draw

END

[110]1]-2]2[0
IUP UNITS
1 3



