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Abstract

Concrete is one type of construction materials widely used in building, because it is available,
inexpensive, and durable. Moreover, the concrete has properties in the high thermal storage, which
is suitable for constructive application of solar collector.

In thic recearch the ohisctiva ic ta dacian fahricate and tact tha tharmal narformance of a flat
plate collector made of concrete material having area of 2 m* with thickness of 0.07 m, in which the
PVC pipes with inside diameter of l.8=m=are=lacated. "The mentioned system was tested and
simulated under naturdFsunlight and.ne therinal load, The study results of the system performance
to produce hot waterffom bothrexgetimental testing and-mathematieal medeling was found that the
system is capablé to predice hot watér.in.the range between #0,°C and, 60°C as expected, black
color sprayipg on jthe concretesplate allows the higher thegmal efficiengy ofsithe hot water system
because it'incredseas the pefformance of solar absorption on the'esancrete plate, amaunt of daily solar
radiation and mass'flow rate of the water inside the system affect on the maximum temperature of
the 'hot water praduced meaning the higher the amount of-daily solar radiation,the higher the
maximun ‘wateg'temperature=is;=in ©entrast, ihcreasesof the.mass flowigate decreasesithe water
temperaturg;. and increasing number.oftubesraffects less on the maximum water temperature
generated-Howeyer,-the mathematical madels used in‘this research work are-inineed of further
devélepment for their reliability.

Key words: Concrete-solar collector, solar waterheater system
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180 = Facing north
270 = Facing east

Refer to the abstract for details on the azimuth

parameter for tracking surfaces.

Number | Parameter Name Value Used | Units | Info
1 Data Reader Mode 2 - Type 109 will read a Standard weather file in the
TMY2 format.
2 Logical Unit 35 This parameter sets the Fortran Logical Unit (File
reference number) of the output file.
3 Sky Model for Diffuse | 4 - This parameter selects the sky model used to
Radiation calculate diffuse radiation on tilted surfaces.
' 2: rlay
| F=Reindl miod
| : Pei fodel
| Note'The-Rerez modebii : the
| Ll | railable s
Tracki ode { [ “This parameter 5 usec indlicat 5 on
et face radiation is
| n,
] 1 4 r—i
= axis 1 axis (fixed sl able
| I E nuth)
{ { | iS5 in plane of
| ‘ !
| | SUr
| '\
FRlSARRLsiok |
N €] | a e Name | ; alue | Ini | L i v | ]
) e 3 1] lectance6f the ] ve which ti
l surface Is located. Typical'values ar 2for d
| ed by'snew and Q.7 ground ¢o by
|
Sl uiface ' ' e eofithe suf: ac axis, e is
| 3 TWher ted.inthe dire on of h
| | | 0="Horizontal
| ! [0 2 itic towa wzimut!
| ‘ | Refer to theabstract details tion
| cking sur
i 03_, ria S | {‘-_ 4\ G:’F_“S I=Lhe f;,“— A it :nglf‘ ]
I i enrdianand tht
| ' y=of thestin ©
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~2) Type3b R — — —
=

FEazLoENUDY Parameters

Number [ Parameter Name Value Used Units Info

1 Maximum Flow Rate 50 kg/hr The maximurn flow rate through the pump. The outlet
flow rate is simply the maximum flow rate (this parameter)
multiplied by the inlet control signal (Input 3).

2 Fluid Specific Heat 4.19 ki/kg K | The specific heat of the fluid flowing through the pump.
The specific heat is used to determine the temperature rise
of the fluid through the pump using the following relation:

|
1
i |
]
| | |
| |
|
| )
i )
Maxishur Poy .
' ied
| 1 act
F L F. o, " 1 ; I—
! § 1 | 005 i
q j*Conyersio {1 05 i
| i |t
' :
/e o
. )
| | are: arnpeatue tput
| I | cient (this Parameter
' [ ( = o] xd €] ) (Out 3)
1 et fle te pump (Out )
Al o bl iy [ ¥ L Cpy J=Ruidspecific heat (Pardmeter 2) 1 ]
5 | PawerCoefficient fficient:
: y'a nomlinear relationshipbetween pt ver
luid flow qthe o te he cc . of
| | the polynom
i
l |
| Pe Prax™ 1*gam 2%¢
l |
| e3*0amima 0y
|
| { |
| Pmax = Wirn, pun
i ; gamma put contr put
] | 4 =
|
0 cl= coc

A oy

If the calculated value of pump power is greater than the
maximum pump power, the pump power will be set to the
maximum power and a warning issued.




J10aEBATDY Inputs
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‘Number | Parameter Name Value Used | Units | Info ) B

1 Inlet Fluid Temperature 29 C The temperature of the fluid entering the pump.

2 Inlet Mass Flow Rate a0 Ke/hr The flow rate of the fluid entering the pump. This input is not
used by this component except for convergence checking. The
outlet flow rate depends on the maximum flow rate and the
input control signal. This input is just for visualization purposes.

3 1 0 - The input control signal to the pump. The flow rate and power
are calculated from knovdedse of this input:

mout = mmax * eamma
Power = f(Pmax,gamma)
where: mout = outlet pump flow rate (Output 2)
mmax = maximum pump flow rate (Parameter 1)
gamma = input control signal between 0 and 1 (this Input)
i — » i r Power = calculated pump power from linear relationship—1-
or
pelynomial expression (Output 3)
Pmax = maximum pump power (Parameter 3)
3) Type6

aLLdYATI Parameters

Number | Parameter Name Value Used | Units | Info

1 Maximum Heating Rate 5000 ki/hr Maximum heating rate:

The maximum possible energy transfer to the fluid stream. The
maximum available energy transfer to the fluid stream will be the
product of the maximum possible energy transfer and the
conversion efficiency.

| 2 Specific Heat of Fluld 4.19 ki/kg K Specific heat of fluid:

D Overall Loss Coefficient for Heater | 0 kI/hr K The loss coefficient (UA) from the heater during operation:

During Operation During operation:  Qloss = UART-Tenv) + (1-efficiency)*Qmax
During non-operation: Qloss = 0

4 Efficiency of Auxiliary Heater 1 The thermal conversion efficiency of the auxiliary heater,
Typical values:

Electric Heater = 1.0
Natural Gas = 0.79
=

IBagRynYed Inputs

Number | Parameter Name Value Used | Units | Info

1 Inlet Fluld Temperature 20 C Inlet fluld temperature:

2 Fluid Mass Flow Rate 100 kg/hr Intet flow rate:

3 Control Function 1 Control function:

Control function = 1 —> Heater is on and providing energy to
stream

Control function = 0 -—> Heater is off

The heater control function input requires either 1 or 0;
proportional control signals (e.g. CF=0.53) will be interpreted as
heater=offl

4 Set Point Temperature 60 C Temperature of surroundings (Tenv):

Qloss = UAT-Tenv) + (1-efficiency)'Qmax

5 Terperature of Surrounding 20 C
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4) Typelb
$0aLIBUAYDY Parameters
Number | Parameter Name Value Used | Units Info
1 Number in Series 1 The solar collector model can simulate an array of identical sotar
collectors hooked up in series. This parameter is used to specify
howt many collectors are hooked up In a series arrangement
(outlet of first collector = inlet of second collector etc). To
account for a serles arrangement, the efficiency parameters are
multiplied by a modifying function as described in equation
4.2.1.12 of Volume 1 of the TRNSYS decumentation set.
net
1 l area)
_— = . _ ..
{ = specific heat ctor
- il s P L, e
yiode i {*The solar cellec efficiency. era
l 10of thace inlet ten tet
It ture,or the colte average
ney par fe a func
Ysp
! arameters aré g fun erage
temy 2
{ | f the-efficiency pa te 1 ac inctio tlet
: | ure,
: ' . R b 4.2.4-8 of Vslume 16 NSYS
TN S 3ia e Z4/A\ \
I d 7 ! o/ The t acol f \4as iin
3y € parameters ) test
S P ¢ net et the ed
: ate Indegcurrent ratin
1 5% 2 » T dition: | - N
[} ! | lector £ ied (e, lency
" T nlef r pe i and ¢ ure
1l his parar t nt of the collec
i efficie the ratuie difference/r on rat a
|' on formd, this parame a0 fhathe collect ncy
(Cel
|
| al'Q ambYRadiation ((Tin-T iation
| |
1
l | 1o pagé Volumc 1 ofthe T tion
. 1% o ¢ i | setforfogdetai | —
fiiciency 1310 | Kb | collectortests are often pre ncy
2 < ,Ta-nh!ﬂ‘ \,
: Cunvatur | 2 of
\ | ey Vs Tin-T
|-parametenis al i
'
Refer to page 4.2.1-4 of Volume 1 of the TRNSYS documentation
set for more details.
8 Efficiency Curvature 0.05 ke ASHRAE collector tests are often presented as plots of efficiency
m2 K2 vs. (Tin-Tamb)At with intercept FrTan, slope FrUl, and curvature

FIUUT. This parameter is the curvature of the efficiency curve. In
equation form this parameter is a2 of the collector efficiency
equation:

Eff. = a0 - a1 * (Tin-Tamb)/1t - a2 * ((Tin Tamb)A2)4t




14

if the plot of efficiency is a stralght line, set this parameter to
0.0. Refer to page 4.2.1-4 of Volume 1 of the TRNSYS
documentation set for more details.

9 Optical Mode 2

The solar collector model can modify the efficiency parameters
by 1 of 4 methods. This parameter specifies that the second-
order ASHRAE incidence angle modifiers should be used.

This parameter should not be changed.

10 1"-Order IAM

—

0.2

i1 2 Ordet 1AM

00

Collector tests are usually performed on clear days at normal
incidence so that the transinittance-absorptance product is
nearly the normal incidence value for beam radiation. The
intercept efficiency Is comected for non-normal sotar Incidence by
the use of a modifying factor of the form:

Moot b0 * S - bl * SA2

FniEpaameter 15b0 Inithe above equation.

Collectortestsare ceneralty performed on clear days at normal
incidence $o thatithe transmittange-absorptance product is
fieaily Lhe poupatincidence value for beam radiation. The
interceptefficiency Is carrected forpon-normal solar ncidence by
a modifying fagtor of the form

o= 1otid * SR

whera-S="t/coslincidence angle) -1

This parameter Is bl in the above'equationt

Poaiounup INputs

| Number '}, Parameter Name Value Used | Units Infoi,
1 & Intet ‘Térﬁperat'un: TN '20‘0 7 C F | The temp.ers:t:_rre of l'he fluid entefingithe solar collector.
2 W Inlet Flowrate a /100.0 k_g/jw o) The TJ,@";: rate Cﬁh’f fluld enteringthe Selagollectors ]
3 Ambent Mrn gratifre 0% ¢ The térﬁ[:-emlum of the eAvironnient in which the'solar collector
7 isllocated, This temperatyre will be used forloss calculations.
q Incident Ragiation 0 kb The total [beam + diffUse)gadiationincident on thelplane of the
m2 solar collector periifiitiarga. This Iaput is commonly hooked up
A 1Y to the TYBE 16 j#8ial radiatioh on SufaCe™” cutplit.
5 Total HorizentaliRadiation 0 kJ/mr The tatdl hadizontal g@adiatien (beany + diffusg) pér unit area. This
m2 input is fypleally hdoked to the fourth outptitiof the TYPE 16
B ) radiation processor.
6 Horizontal Diffuse Radiation 0 K/ The herizefital diffuse radlation. This iaputls typlically hooked up
iy m2 to thefifthoutput of the IPET16 selagiadiation processor.
7 Grotind Reflectance 0.2 - -
8 Incidence Angle 1995 degrees &gjgoﬂgidfin_gekqf beﬂ(%nﬁoﬁq suface.
9 CollectorSiope Q degreessy, | The slgpe ofthe collector sdiface. The slope is defined as the
arete Between the®ugdfdee ond the horizontal
0 = Horizgmtdl
Stepe s pasitive when surface Is tilted in the direction of the
surface azimuth.
As a general rule, performance is somewhat optimized when the
collector slope is sel Lo the latilude.
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—5) Typeldh B
swazduaves Parameters
Number | Parameter Name Value Used | Units | Info
1 Initial Value of Time 0 hr The initial value of time for the function. if the cycle is to repeat,
this initial value of time must be set to 0.0.
2 Initial Value of Function 0 The value of the function at the initial value of time.
3 Time at point-1 8 he The value of time at the specified data point.
4 Value at point-1 0 The value of the function at the specified data point.
5 Time at point-2 8 he The value of time at the specified data point.
6 Value at point-2 1 - The value of the function at the specified data point.
H‘i = e PR
| b The'valle o
_nnl _—— il —
b g -ﬁln.&_‘thei; _ il
" F o, v ! brl | Thevalu Ime at the.sp ]
t point-5 i Ifl___ AT d alteof the ction at the —
T‘_ p
aglatnupd Paramet
imber ParameterNa pinfo
y _F it .’i‘~ : Hi T val h o :l- f T-: d_
} | ! ‘ e i eachu ne If
| | \ ativevalue, th nits ¢ 15 are
| [ . I35 3t 1o -2 "ther reset ill be
| L %
di ;\ : } v I . B 7':; 71 7‘ 1 it r;'; c
| AVE
| I tegra iveto the simulation s ime
| | | itegra vals
| | ¥ AR th wrt is € mt n
i £ 25 ahd.the in tic al'l tt s1:If
| s neter isset ¥ uf at'0.5, 1.5,2 If
Al 'r - i A this parameters set to 1, resefWiltl oceliriat 1, 2, 3;€ _
Waslota puts
Mbey | PovameteiNames, © Velug Used _LUpits | Info Al 5 Se— ra
| 10 be intecratad 0.0 | Leaveithe.inftialyalue at zero unless you wist tant
: : he'integat! s. The-constant ad tial
. e — o —— —— ! — e - 3 = -
wut towb tecrated-1 1 00 | i e Initial vatue at © unless tant
integiation 5. The co tial
B, A AN T 2 ]
| s
1 Nb. Uf left-axis variables 3 - Ihe number of variables that will be plotted using the left Y-axis
for scaling purposes,
2 Nb. Of right-axis variables 2 The number of variables that will be plotted using the right axis
for scaling purposes.
3 Left axis minimum -100 - The minimum value for the left Y-axis.
[ Left axis maximum 160 - The maximum value for the left Y-axis.
5 Right axis minimum 0.0 - The minimum value for the right Y-axis.
6 Right axis maximum 10000 - The maximum value for the right Y-axis.
7 Nurnber of plots per simulation 1 - Number of plots per simulation. Use -1 for monthly plots.
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8 X-axis gridpoints 12 - The number of grid points that the X-axis (time) will be divided
' T B into. '

9 Shut off Online w/o removing 0 - This parameter can be used to shut off the ONUNE without
removing from the assembly panel / input file, according to the
following rules:

-1 : don't display online
>=0 : display online

10 Logical unit for output file -1 This parameter is not used in this mode since no ouptut file is
created. Please use the "online plotter with file® if you want to
simultaneously plot the data and print it to a file.

11 Output file units 0 - This parameter is not used in this mode since no cutput file is
remntadd

is
Eita e
puts
== r . L~ N N W
ameter alue | nits
& ’r L 11 11 T
Left axis varable-i ToP {*ihe spedified.variable which st the
r y i 'l P v.bi ::7 "zl"l 20 "157 Y
f axis var 2 R le which is te bey the
left? caling'purposes
lLe ar { he-specified variable 5/t beiplot the
i F =L 1 il 777;77777 na is-for Ui Fh. 18
a | Tolit-aiis ble W oll | hich is he plettec the
V] ey 5 | e | Ny poes=t, 1\ B
5 it able2 A f e h & plotted the
| ht IS
8) Type
Juavldundos P at
Number a ar Name | L Units 1
PRrinting intervat E hr Ihe.time inter tw printinG s to gcaun e
' al is less than zero, n the print ral
|
| meas(ired ip'the Witevalue of !
ar of expressedii 1
| ples
1
| | ‘ 1: print every hio
1
| print eve I
l i | The'defaultvalue (ST s'a TR juat
|
| simulatio ai5tep
ime {=STAR] r twlhe time ofthe yearin h o)
i | I stark
|
| jt ¥ default va
| ' equal
— —
0
stop.
The default value (STOP) is a TRNSYS parameter equal
to the simulation stop time
q Logical unit 32 - This parameter sets the Fortran Logical Unit (File

reference number) of the output file. It is used
internally by TRNSYS to refer to the file. This
parameter will automatically be assigned to a unique
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Calculate>Run Simulation

e E— e - value by the TRNSYS Studio. ;
5 Units printing mode 2 This parameter is set to 2, so TRNSYS-supplied units
are printed to the output file
6 Relative or absolute start | O This parameter controls whether the print intervals are
time relative or absolute
0: print at time intervals relative to the simulation start
time
1: print at absolute time intervals
For example, if the simulation start time is 0.5, the
ahvmrilatlimm Bross cbam je O arnd Hha Arndinm $lre s ;tep
' |
} If this p 5,
!
[ | 5 25, ete
| ! | ii-this 1eter is se ' 2,
[ i
feryii LARPERc | | rameterdecides'wheth ed
OrQVE Wi
rte tput.file
y /| R\y , he otiputfile % 1L
Piint | 18 ‘ f agicl atiier ornot with
| } F: v Drir to'th : file
. ! | e —
| | y
|
} . [
[ | ' T p
3 if ; i £ d in
| utpn
: 3 use tat ns
| |
| | | wces b u
1 [ E 1 1 % use gomngias Yg.@elimit co
0 | 5 his parametérdecides whe or.not abel able
| fescriptofs)'shotibd, be' printed=as ¢olumn he
: ol print Criple
in GG S
=
i kiDL Migiel
r | Pa afe # “Malu ] “Info
' Used '
It to be printed-1 1#QColl { it'torbe piinted
bepriftec QAKX g orbe print
P e Sail
MU

=1 ‘o Qs ] v 4\' = yé
swasidualusunsiliadurmvesiieduamuy annsefnvufiandulannauun a-1
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nAdeiiiedestunslduiunsuninduunsiuiideniing

Rangsit Sarachitti wazaniz [6] vadevaussauzvaimshdniv dorfinduuunounin
(Concrete solar collector) iflansanaufouidingermsuasuamiiou fuffuisdorinduuy
neundnrannvieitiduasilegluiuneuniniiidnumsduiumaitwionden laiiimsianszani
fuvuusafiuisderfinduuuneunin vieRuauiduuduniioutuindesnamifoundau
waaingiily iewdsuiiivuraveanmsusendandanu Wemadeudnnuansvies vurnni 2.3
WAs 87 2.5 1WNS Lazge 25 Wng gnadety Tasvisawsnasluiesiiiivismneunimaiusauy
vl wagiesilaesaviliufesiimdsmiduiuiuTdenfinduuunounin namsmaaesuidafiuied
ﬁmmmf-lE‘wnf’rgﬁ}‘dlﬁ’@aajm 40 angeindvl Imaﬂqﬂmgi‘sﬁ'}agﬂuﬂm 40-50 °C uazangomgiiviosviaald
mndwissnivseanau2®Camsdnyiraagznuesamaiieg Lisiuanssnuainggnia (qq¥eu
uagyu) logadnprfiduRa Mo Tite Inddu s MERTTLA T 2w e wgran fuandlifiituda
syazangliaeuliisd Ussvdanduaulduseann 1910°765,7 kWh tiel

affinn Uafnar t AR s auzve s U et RO LOURe IR IEes  (Concrete
solardicalledtor csoftilisnuaziuutiunouninouliiinsseansey Tndlanedeuanssousves
CSE PupIATRY ASHRAE Standard 93-86 wudapagedsszutvlisilagliCsc vuan 0.71
AL Sl 4 Wiy sioaynsuiBLRAUIUIE LLE‘T’JIﬁlE’]U‘SﬁU’IE}ﬂmQﬂ 26/ °C "In@rinu vuda

shugiraasialiliihgudlamipll doe dumutswing 0.21 gninadiundluGem 2.5\t

BBy Chaurasia [8) q'm‘iﬁ’sﬁfﬁme'1Lﬂ%’ﬁ)d'ﬁﬁﬁiﬂ%"@iﬂ'ié’a\i'\ﬂumamﬁmﬁﬁiﬁué}gjfTUﬁ"JLﬁU’i'aﬁ
inbnoudsadins uramiaisudrstiting lnesaiuiiofindasreanukiunediin dexilie
ovgiilbugnsluuiuseniaieiuviongifiui hifimsingssaniidruuusuidinunsakas
nsvaafiminuiidhupdssausineunFmmesatiinsmatageulnesssudmapeidiivaiusd
9riimdnouBnotiafavsnavitide Wesgnbifnsyantadiuupiwssdusmnidasedinfoud
apvR36-58 *ClluTagiarsiulad

FBIFGEN S8 MA. RICHARD [9] AnwuruneunInuiiisudwsonuh iuiidenfing
WY Passive latldpassuitiynauninuuiandne 0.40 wen#®1a,0.78 105 uaeun/040 wns
vt wrmasauatilafludd 200 H4.700 W/m wagivingamgfifwusamiastgnuuiius
fifinmn StneR L Fouu s T BigRgauiliiuszulitinadianvuidiededsmiuudiaes
naning Tan TTaIn i uinagUndeaaL ud iy Sidefindahe ilevinevgflassludeulurieg
Faransineam I TN LTI TuTTseeunsnilETTHadonsaagim el suiuaounin Tay
fnmsgaydonImisaug YO0 Nadedfiyann 60% 'lmnmzﬁnwsm'nmfm%'ﬂumuﬁ's'jmm?mgjﬁ 0%
FaazannsnazauwdSauEuTaul el 3 Pl



19

=
E— U 3

Asaniiueuive

L} : =y I‘j’ o =y k=) !ﬂl
Tudil a5uredumnaun1saiiulATINgg NMT99NLUY a519uas NAABUTEUUNAMINSauILUY
pouNIMWaDY wazn1sasanuusiassineldliusunsy TRNSYS

B o oy = s
3.1 TUNDUNTITALLUNIUIY
3

aw o 1
LHUNNTT18- 890N D1 fal

P iy, N e e -
| . a s Y |
' WIWEVIAY I TEY
P
i 1351 _,‘;‘. | I #) 5
L & il
] 74
1
AR BUdIINUET D198
L - ~ @ &~
Toupdrrniidoiing
3
$ \g AIEL
Y
y -
& ~
£ |
N 8 |
¥
~
4
+
Lol ey W ” 4
]
b6l 813
|
1 ___]_ |
= - F
l ~ !
LEEWTHadat 9w |
|
i
= y

d 5 ° = =
JUW 8. JunoumsAiinguINg



20

3.2 N159BNLUUNAL NRdaUAIsUSIHuasD g
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Srscatess

- | ! = o 1 =1 (i = s
FUT L nnsdrauruneunInuay (Adesindanevilovhaau

38 MsaFanuudnass Taeldlusunsy TRNSYS
Y = o - 1Y) (7] = ' 1 XY L I
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nIs9nesseulfiAvdiEelindwinoamuaniseLtuunsunInassdgldsuaiy TRNSYS

| 3.3.1) groazidunvdeirluuiudiaamneatindrdh svasiyuusznauniigg

1) saitraminfounelutiiafuinfusduseriad < gundalavil, 541
tintegral collectoristorage (ICS) domestic hot waterisystem — TYPE 541)

TUsWHsy 00, wio unshitavl sas ilusttiay  FRNsYS. Iddagosssupiinofonaneud
Sl UL RN AN (CS) Tfiuay Lifinshndaduaniuiloyredeiuuvi@hishazaanou
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'mvnqnm‘sqmuﬂaqma'z wawdlp TS Aumee i deg Milenaes Tmmammﬂunaawvama
fuitullahesuiaiivosudeiySraudsanding n'nmawmmgﬂmﬂm'lmnu'ummafmwlumaa iy
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U 12, LA LART S DU T A UMY AL Ting (ICS) [5]

wudagbsetuy G5 edlvagidduiviEbilgnuaimive sThatfadilnaiinitosuaam
$ou uiggihelvadareniinuselaninuneluiinUYedgdaigmdadunivSeuiud/ilsognnelu
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(@oupled differential equations) a@nsadswtaiiu

d];a.nk ¥ (Qin'q\ml‘ % (,)unl,mnk)
dt ("l.wk

dlix (Qm,nx ' 'Qom,nx)

dt G
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- Tﬁnaf = (Eniffaf + baw / a)x e(ﬂm) = bﬂw la

i b, =b(T, ) e T, =1/aAtx(T), +b,./a)x ) ~1)-b,./a

u initial

mnmsauqﬁiﬁacﬁu aumn%aaqﬁuénmuLﬂuﬁrgmma'mmqmLﬁamwamaﬂ nsmsiioy
aum‘saqwuﬂuwwquﬂm Yn1SAMUAAT a A2 by IBUAHINISIAN Tonat WO Toe 9704
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msUssanametsiivgua TneldTusunsusans TRNSYS gegaliiin 1 dalu R |

Tusunsugesillvigléimuassiumswiedu (Stratification)  weadaitu Tavanunsafinun
$rnugaussiaiu (V) I8 dufvgnuiadu N galunuausuiiviinasiafu (feunisindeia
wanwasuanudeudailiviinnsuesfaivana) luusasqavesdafugnasyilitigomyiine
(Isothermal) Tnnga#l 1 aslifogimuusesiaiu mswtssnugalidissnniuderalyinisutedy
spsiafiusniuludae madiudiougredilifivreeravhildraulumsiunaniosas
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ﬁ'suanLU5'&1umm%’auuuunﬁuﬁa’hum13’1U (Horizontal tube bank heat exchangers)
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1) Typel6g
=

FLaLLaAYDY Parameters

Number | Parameter Name Value Used | Units | Info

1 Horizontal radiation mode q - Horizontal Radiation Mode: See the general desaiption for an
explanation of all horizontal radiation modes. This proforma
cotresponds to Mode 4 (Total Horizontal and Normal Beam
Radiation Known)

2 Tracking mode 1 - Surface Tracking Mode:

1 = Fixed surface

2 = Single axis tracking; vertical axis, fixed slope, variable azimuth
3 = Single axis tracking; axis parallel to surface
4 = Two-axis tracking

Refer to the abstract for more dotails,

3 Tilted surface mode 3 - Tilted Surface Rdaition Mode:

1 = Isotropic sky model

2 = Hay and Davies model

3 = Reindl model

4 = Perez model

Refer to the abstract for more details

4 Starting day DAY String The day of the year corresponding to the simulation start time.
Every time the simulation start time Is changed, the starting day
must be changed or the radiation calculations will be inaccurate.
A commonly used workaround to set the starting day to the
correct value in all circumstances is to add the following lines to
the "simulations cards® (in "Assembly/Control Cards");

5 Latitude 15 - The latitude of the location being investigated.
6 Solar constant 1871.0 /e The solar constant

m2
7 Shift in solar time -5.27 degrees | The shift in solar time:

Since many of the calculations made in transforming insolation
on a horizontal surface depend on the time of day, it Is
important that the correct solar time be used. This parameter is
used to account for the differences between solar time and local
time. The equation for the shift parameter is:

SHIFT = Lst - Lloc
whete Lst Is the standard meridian for the local
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time zone, and Lloc is the longitude of the location in question.
Longitude angles are positive towards West, negative towards
East.

- The shift angle should be ignored if the data was recorded in
true solar time instead of official clock time (see parameter 9).

Not used

This parameter is not used in this mode of the radiation
Processor.

Solar time?

If the radiation data being supplied to the radiation processor is
at even intervals of solar time (as the TMY data is) then this
parameter should be set to a negative number so that the Tth
parameter (Shift in Solar Time) is ignored. If the data being
supptied Is at even Intervals of local time, this value shoutd be
set positive so that the seventh parameter is used.

WaAzUATLY Inputs

Number

Parameter Name

Value Used

Units

Info

Total radiation on horizontal
surface

0

W/m2

The total radiation on a horizontal surface.

Direct normal beam radiation

W/m2

Beam radiation on a surface orlented towards the sun

Time of last data read

hr

The time of the last reading of the external file containing the
weather data. Typlcally from the 19th Output of the data reader
component.

Time of next data read

hr

The time that the next weather information will be read from the
external data file. This input is typical hooked up the 20th
Output of the data reader component.

Ground reflectance

Slope of surface

0.2

The reflectance of the ground above which the surface is
located. Typical values are 0.2 for ground not covered by snow
and 0.7 for ground covered by snow.

5

degrees

The slope of the surface or tracking axis. The slope is positive
when tilted in the direction of the azimuth.

0 = Horizontal

90 = Vertical facine toward azimuth

Refer to the abstract for details on slope specification for tracking
surfaces.

Azimuth of surface

degree

The solar azimuth angle is the angle between the local meridian
and the projection of the line of sight of the sun onto the
horizontal plane. The reference is as follows:

0 = Facing equator

90 = Facing West

180 (or -180) = Facing away from the equator

-90 (or 270) = Facing East

2) Type89
S0asldunYed Parameters

Number

Parameter Name

Value Used

Units

Info

1

Mode

-2

Mode = -2 specifies to the general data reader component that
the file to be read is a TRNSYS TMY2 weather file and that the
program should skip into the data file corresponding to the
simulalion steit time,

This parameter should not be changed!

Logicat unit

31

The logical unit through which the data reader will read the TMY
wealher file,
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Number

1 Which file contains the TMY2 weather information

Trnsys16\Weather\Meteonorm\Asian\TH-Nakhon-Sav/an-484000.tm2

3) Typebdlj
S8azdunU8e Parameters

Number | Parameter Name Value Used | Units | Info
1 No. of Tank nodes 5 The number of isothermal tank nodes Into which the storage tank
! | isotie
| [ ' 1=Horizonta
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‘ | | 2 . . ,
i : 2=Pe a1, noding allow
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) ?l :.t e e 3 I peratur th ta 2 beginning ¢
i n. ifde resa ecifiedgthis neter &
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B % | et ceefficies PR | he loss coeffictent for th sur of the k|
Hditionat thermal cond 1 | 1al conductivity [ieat tranf oda. If ‘he
3 | thermal conductivity batw no Lbe d on
; 2 fhermaliec y ofthe stoceflu nal
| I thermal cond put as’ If kM
! 1= ivity between no willibe
S —_ _— _ -——t N — — —
tode xde for the =s¢ing of t n
: : effects:
: | NC gl effect
| ! 2=idse 1 st-Order | AE
1 | 3=Use 2
6=Use Mulliplicative Bi- Axial Method
7=Use File of Bi-Axial IAM's
14 Plate absorptance 0.9 The absorptance of the plate to incident solar radiation.
15 Number of covers - The number of identical covers above the absorbing surface of
the collector.
16 Cover refractive Index 1.01 - The index of refraction of the cover matedal. Glass=1.526
17 Extinction-thickness product 0.05 - The product of the extinction coefficient for the cover material
and the thickness of the cover material.
18 Number of HX nodes 5 The number of nodes into which the heat exchanger will be
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divided into in the flow direction. For each node, the user must
specify the tank node containing the heat exchanger node and
the fraction of the total heat exchanger length represented by
the node.

Tank node for HX node-1
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or

The tank node in which this specified heat exchanger node
resides. For each HX node, the user must specify the tank node
in which the HX node resides and the fraction of total HX length
represented by the node. For example, if the HX s divided into
equal-length segments and enters a 5-node storage tank at the
bottom, travels to the top of the heat exchanger, bends over and
then retwns to the bottom of the storage before exiting, the
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|
Nusselt #

experimental data,

Geometry factor exponent

The value for the geometry factor exponent (m) in the natural
convection heat transfer correlation

of the form:

Nusselt # = C * (RAAD) * (GFAm)

35 HX Lube inner diameter

0.18

m

The inner diameter of one of the identical tubes comprising the
heat exchanger.

HX tube outer diarneter

0.02

The outer diameter of one of the identical tubes compxising the
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heat exchanger.

37 HX wall conductivity 0.21 W/m K | The thermal conductivity of the wall material comprising the
tubes of the heat exchanger.

38 Length of HX tube 2 m The length of one of the identical tubes comprising the heat
exchanger,

39 Number of tubes 10 The number of identical tubes comprising the heat exchanger.

40 Header volume 0.0 m3 The volume of the headers comprising the heat exchanger. The
volume of the header will be added to the volume of the heat
exchanger node for the first and last heat exchanger nodes for
heat transfer calculations.

g a1 Initial HX temperature 24 C The temperature of the fluld In the heat exchanger at the
beginning of the simulation.

42 HX cross sectional area 0.0 m2 The cross-sectional area of the heat exchanger at the tank nodal
boundaries. This parameter is used only to reduce the available
arca for fluid conduction heat transfer.

e —— Twavidenves nplts =y N 4 R

Number | Parameter Name Value Used | Units | Info

1 HX inlet temperature 24 C The temperature of the fluid flowing into the immersed heat
exchanger in the storage tank.

2 HX inlet flowrate 0.012 ke/s The flow rate of fluld entering the immersed heat exchanger In
the storage tank.

3 Top loss temperature 24 C The temperature of the environment for calculating losses from
the top (collector surface) of the storage tank.

4 Total incident solar radiation 0 kKi/re The rate at which total solar radiation (bearn plus diffuse) strikes

m2 the sloped collector surface.

5 Hotizontal diffuse radiation 0 kit The rate at which diffuse radiation stiikes a hotizontal surface,

m2

6 Total solar on horizontal 0 ke The amount of total solar radiation (beams plus diffuses) that

A m2 strikes a horizontal surface.

7 Incident diffuse radiation 0 ki The rate at which diffuse radiation strikes the sloped collector

m2 surface,

8 Incidence angle 0 degrees | The angle of incidence between beam radiation and the sloped
collector surface.

9 Solar zenith angle 0 degrees | The solar zenith angle at the current timestep.

10 Solar azimuth angle 0 degrees | The solar azimuth angle at the current timestep.

11 Top surface slope 15 degrees | The slope of the top surface of the rectangular storage tank. 0
Degrees=Horizontal. The tank is tilted such that the lensth of the
tank is rotated away from the horizontal.

12 Collector azimuth 0 degrees [ The direction which the solar collector surface is facing:
0=Facing the Equator; 90=Facing Wesl
180=Facing away from the equator; 270=Facing East

13 Ground reflectance 0.2 The reflectance of the surface upon which the ICS collector is
situated.

14 Edge & Bottom loss temperature 20 C The temperature to which the thermal losses from the edge and
bottom of the storage tank occur.

15 Safety sink temperature 20 C The temperature to which the overheat safety device dumps
energy to if the safety loss coefficients are set be non-zero
values.

16 Inversion mixing flow rate -100 ke/hr The mixing rate at which temperature inversions between
adjacent nodes of the storage tank will be addressed. Setting
this value to zero will allow the storage tank to remaln inverted -
where one node of the storage tank remains hotter than the
node above it. Be careful that you don't set this flow rate to high
- il may cause lemperature instabilities in the program - check
the energy balance error outputs from the program! Setting this
value negative will result in an instantaneous mix between all
offending nodes-at the conclusion-of each timestep:

- 17 Modifier for calculated Tau-alpha | 1 - This input will be multiplied by the theoretical transmittance-
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product absobtance product (calculated from the cover and absorber
properties) in order to calculate an adjusted transmittance-
absobtance product.

18 Top loss coefficient 15 ke The loss coefficlent between the collector surface and the

m2 K environment.
19 Additional top losses 0 ki Any additional losses from the collector cover per unit area.
m2 Losses from the systern anwe considered to be positive inputs to
this model.

20 Overall safety loss coeff-1 0 KiMrK | The overall loss coefficient between this tank node and the

safety device sink temperature
) 21 Overall safety loss coeff-2 0 kime K | Refer to Input 20
27 Overall safety loss coeff-3 0 ki/hr K Refer to Input 20
23 Overall safety loss coeff-d4 0 k/hr K Refer to Input 20
24 Overall safety loss coeff-5 0 kI/hr K Refer to Input 20
25 Internodal thermal conduct-1 0 Kimr m | additional thermal conductivity for internodal heat exchange
K between this node and the one below. Start with the top node
g and proceed dovwnyrards through the tank.

26 Intemodal thermal conduct-2 oavl Kifhr m | Refer to Input 25 3
K

27 Interncdal thermal conduct-3 0 kimr m | Refer to Input 25
K

28 Internodal thermal conduct-4 0 kifhe m | Refer to Input 25
K

o 29 Multipliec for HX UA 1 : The theoretical UA calculated by the model for each node witl
be multiplied by this input in order to modify the overall heat
] transfer coefficlent.

30 Addtive terrn for HX UA 0 kJ/mr K The value of this input (divided by the number of heat exchanger
nodes) will ba added to the theoretical UA calculated by the
maodel for each node.

. " P cA W v z e o
4) Equation WixgUnsalil la%i Assembly>insert New Equation 31nuunvun Toutlet =
Tinlet
5. Uszanarauas Aiasgiseuu  deuaniiunsussnanalaenmadenuiyuiulusunsy  TRNSYS

simulation studio 1a® nm Calculate>Run Simulation T muagasarlunisaunailu

Assembly>Control Cards wagilisuaunsnnuadiudsludes Simulation cards @il
EQUATIONS 4

DAY=INT(START/24)41

N_DAYS=INT((STOP-START)/24.000001) + 1

N_WEEKS=INT((STOP-START)/168.000001) + 1

N_YEARS=INT(STOP-START)/8760.000001 + 1

= fa ° v a A ywwyd
seazidenlusunaulraduvmussuuiassinuul wsadnvudiadauldfinamon n-2
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4.2 _paNI5I1a955uu
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uasenssiuly Wundinuuaseniing amnqﬁﬁamﬂé’au fifteglugudoya TMY Wi namsdrass
msvihauussssuurdmiou uanduzuil 22, 23, 24 uas 25

N3UA 22 waw 23 wamsmanisSiaesEUURAMhSBuRBUNIWABEYMERA I (R A1nTg
gandu 0.9) Tﬂﬂmmuﬂ‘lwmamiwm‘s‘lwamaw 0.012 ke/s wazilnnuviefivamelureunin 10 vie

MNEANI AN STUUA RSO U T RRigNge 41 °C way 52 °C Tudasiuil 28 ee
Bufuny uay WM Wmmfm IUWLGHJ%{DJ sﬁ%ﬁiﬁwmﬂmalwawmma (o
U3uani) ‘lwmamnamuﬁﬂﬁ@mfﬁ‘emwh&umjﬁaﬁugmﬂmﬁﬁ tqﬁﬂw 24) Tunsdlfiifiy
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n-1 SYalUsSUNSULUUSIaBIN29EIS

VERSION 16.1

3§ s sje s sfe s o e e s sfe e sl afe se s ofe sfe o afe e wde s sk e s o ode e e e sl s ofe sl ol ofe e sl ol s ofe el e sl s e e e oo e e sfe e ofe o o ol e sfe ol e e e o sl s sl oo e ool e ok
*¥% Units

e 3 30 3 o sfe heofe s e o o s afe o ofe o sfe ofe afe sfe oz afe sfe ok afe ofe afe ofe afe ofe afe ol ofe e ofe s e e e e o ofe s e s s sfe e o s sfe sfe afe ofe afe o ofe afe sfe ol e e sl e e e ol s s sl ke ok

*** Control cards
e e e s o sfe afe afe s e ol afe 3 afe o afe afe ofe afe afe s ofe afe ol o afe a6 afe s ke ofe o 3 ol o o sk s ofe e e ol sl afe afe sl s afe o afe i ol e e o sl e ofe afe afe s o e ofe e o e ke o e R sl e ale e ol o

* START, STOP and STEP
CONSTANTS 3

START=0
15
START STQP STEP "\ Startitime dstime
ES 0,001 0001 Integr Convergence
0303 FMax. it 15 Max.warnings
icalintegration solver.met
[H 80 it nbeéiof charac
P
CIM
OLVER 0 olver statement Minimum tion facto
Maximut
elaxation-faect
NAN ' { Nag Bl
OVER r HECK. 6 FOv el
TIMEXREP( ! le'ti
EQSOLVER EQUATIO VER
* Mod pel 09=EM Y [ )
UNIT2.IYPE109 Vi
_“&) 1 [’ w“l “, ". 109 ‘\’1
$MODEL ther'Data Reading dard Format\TMY pel09-T MY

POSITION-127:82
AY ER Weather - Data Files #
METERS-4
| Data-Reader™Maoc
! rigal un
1.3'8ky model for diffuse 1

A ’] iacCki | 1ode

’w” L]lUtu.J rotleptanrea

~Ff onrfars

v R R I

***¥ INITIAL INPUT VALUES

0213750

**% External files
ASSIGN "E:\Program Files\Trnsys16\Weather\Meteonorm\Asia\TH-Bangkok-484550.tm2" 35

*|?7 Weather data file [1000
B e meerer— e e e e e ———————




* Model "Type3b" (Type 3)
*

UNIT 3 TYPE 3 Type3b

*$UNIT_NAME Type3b

*$MODEL \Hydronics\Pumps\Single Speed\Type3b.tmf
*$POSITION 56 192

*$LAYER Water Loop #
PARAMETERS 5
50 I 1 Maximum flow rate
i i iy e P
nscoefficicent
ver'coctlicic
I'Tunconnected| let.fluid e
nnecte 1ass flow.iate
FypetdhAveragen Control sighal
ITTAL INRU UES 4
01
M 1 b'
INTF4TYP
Ni \ i
JDEL ;A lect a fi V. ¢ Incidence Ang
Modifiers\Ty
QSIFIOR
VY Vi f
JARAL iRS 1
FNumber iirseri
Collecto
1 (J I‘ ] C
& ‘i. ‘/" 15, -1-\_,
0 LS Teste i"l-
61 icept.el eng
L ency sto]
81 CHCY Gl €

1 order '\
! I | —“]\ ,,n‘.nvl
Outlet fltiid-temperature -=Inlet fcimperat
flow rate =>Iniet flowrate
2,18 ! Typel09-TMY 2:total radiation on tilted surface ->Incident radiation
2,12 ! Typel09-TMY2:total radiation on horizontal ->Total horizontal radiation
2,14 ! Typel09-TMY2:sky diffuse radiation on horizontal ->Horizontal diffuse radiation
0,0 ! [unconnected] Ground reflectance
2,22 ! Typel09-TMY2:angle of incidence for tilted surface ->Incidence angle
2,23 ! Typel09-TMY2:slope of tilted surface ->Collector slope

% INITIAL INPUT VALUES
20.0 100.0 10.0 0, 0.0 0.0 0.2 13.75 0.
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* Model "Type6" (Type 6)
*

UNIT 5 TYPE 6 Type6
*$UNIT_NAME Type6

*$MODEL .\HVAC\Auxiliary Heaters\Type6.tmf
*$POSITION 339 189

, *$LAYER Water Loop #

PARAMETERS 4
5000 ! 1 Maximum heating rate
4,19 ! 2 Specific heat of fluid
0 I 3 Overall loss coefticient for heater during operation
1 ! 4 Efficiency of auxiliary heater

., INPUTS 5 o . AW -
4,1 ! Typelb:Outlet temperature ->Inlet fluid temperature
4,2 ! Typelb:Outlet flowrate =>Fluid mass flow rate
0,0 ! [unconnected] Control Function
0,0 ! [unconnected] Set point temperature
0,0 ! [unconnected] Temperature of surroundings

®** INITIAL INPUT VALUES
20 100 1 60 20

* Model "TYPE24" (Type 24)

%

UNIT 6 TYPE 24 TYPE24

*$UNIT NAME TYPE24

*$MODEL .\Utility\Integrators\Quantity Integrator\TYPE24.tmf
*$POSITION 503 212

*$LAYER Main #

PARAMETERS 2

STOP ! 1 Integration period

0 I 2 Relative or absolute start time

INPUTS 2

4,3 | Typelb:Useful energy gain ->Input to be integrated-1
5.3 ! Type6:Required heating rate ->Input to be integrated-2
*** INITIAL INPUT VALUES

0.0 0.0

*

* Model "Type25a" (Type 25)
L

UNIT 7 TYPE 25 Type25a
*$UNIT_NAME Type25a
*$MODEL \Output\Printe\TRNSY S-Supplied Units\Type25a.tmf
*$POSITION 641 210
*$LAYER Outputs #
PARAMETERS 10
. STEP ! 1 Printing interval
-~ START 12 Starttime

STOP ! 3 Stop time B B
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32 14 Logical unit

2 !'5 Units printing mode

0 ! 6 Relative or absolute start time

-1 ! 7 Overwrite or Append

-1 ! 8 Print header

0 ! 9 Delimiter

1 ! 10 Print labels

INPUTS 2

6,1 ! TYPE24:Result of integration-1 ->Input to be printed-1
6,2 | TYPE24:Result of integration-2 ->Input to be printed-2

¥%¥ INITTAL INPUT VALUES

QColl QAux

¥ External files

ASSIGN "#*#* out" 32

*|? Output File fopprinted results{1000

& l\r]ode[ "Tpr(JSd” (T}'Pe 65)

UNIT/8 TYPE6S Type65d

*$UNIT [NAME Fype65d

*SMODEL .\Oufput\Online Rlotter\Online-Blotter Without File\Type65d.tmf
*$POSITION 506 85

*SLAYER Main.f

PARANMETERS (2

3 111 Nb. of feft=axis-variables

v ! 2’Nb.of tight=axis variables

-100 ! 3 Left axis minitmum

100 ! 4 Lefgraxis maximum

0.0 US.Right axis minimum

10000 1'6 Rightiaxissmaximum

| I'7 Numberofplets persimulation

12, "8 K.axis'gridpoints

0 | 9'Shut'eff @nline w/o removing

-1 "0 Logical utitfor output file

0 FLROtput filg units

0 1112 Outputfite delimiter

INPUTS S

3,1 ! Type3b:Outletfluid temperatuie~=E€ft axis variable-1
4,1 ! Typelb:Outlet temperatuie-=LeftaXis variable-2

5,1 L Fype6:Qutlet fluidtemperature ->Lefiaxis yariable-3
4,3 MPypeib: Useful energy gain ->Right axis-variablel
3,3 ! TypeGRequited heating rdte=>Right axis yariables2?

% INITIAL INPUT VALUES
ToPump ToColl ToAux QColl QAuX
LABELS 3

"Temperatures"

"Heat transfer rates"

"Graph 1"

*

* Model "Typel4h" (Type 14)
*



UNIT 9 TYPE 14 Typeldh

*$UNIT_NAME Typel4h

*$MODEL .\Utility\Forcing Functions\General\Typel4h.tmf
*$POSITION 55 285

*$LAYER Main #

PARAMETERS 12

! 1 Initial value of time

! 2 Initial value of function

! 3 Time at point-1

! 4 Value at point -1

iR - I
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n-2 : sialusunsavauusIaneiilddnun
VERSION 16.1

> e e af s afeafe e s sfe o ofe e ok ofe o ofe ofe ofe afe ol e afe ol s sfeafe afe s ik ofe o afe o ofe e ik s e afe ofe afe o e ofe afe o el ofe afe afe afe ol afe e e s e e o ofe o e ol o e o o o ol e ol ook e sl ok
*#+% Units

st e aje o sje s afe afe e ol e e s afe e ke afe e s sfe sl i ol e e e afe el s e e s e ade e s afe sfe e afe afe afe s afe sl ol sfe afe o sfe e o o e e e o s o afe e e sje ol ofe ool e s sk e e skok
$odokkdok ok dokokdokdolkdok kR kR R bk ko ook dok kbbb bk bk ok kR ok bk kR Rk kol koo

*%k Control cards
oo ok de ook s ook s ookl doioakololook dok o ook okl etofololok sololoioolok skolol ol s ook sk ok s doisiolololok

* START, STOP and STEP

CONSTA
S4
L(S’..p l-'-"“"\-‘Ll
S=INT((ST FARTY/?
EEKS l'\!T(‘yf ST
YEARS=INT(STOP
MULATION™STA et time ind time Fime, stej
[OLERAN 0.( integratio Cot el
LIMITS 50 5 I Maxite ings Traee limit
DFQ 1 F'FRNSYS nume [ver metho
VIDTH 420 TRNSYS output ofcharacters
LIST ENOLIS T statemen
MAP MAP statel
SOLVERQ'] ol it t tationfactor
Max 2
NANYCHECK 0 NanmBEBUG statei
OVER TE CHEEK( ! Overwri EBUG staten
r B L §) (J { e\LHNe o1t
EQSOLVERAQ LIE( OLVER statetaent
M ¥l 2 Data'Reader
16 TYPESS TMY-2 Data Readei
NIT ME [TMY-=2. Data R eade
BEL, \Utilty YeadersySiandard WeatherFiles\'my2\S} Lin cfore
Y PES9d.tmd
INL148
ini
"f{

* Model "Radiation Processor" (Type 16)

UNIT 5 TYPE 16 Radiation Processor
*$UNIT_NAME Radiation Processor
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*$MODEL .\Physical Phenomena\Radiation Processors\Total Horiz, Direct Normal Known

(Mode=4)\No Radiation Smoothing\TYPE16g.tmf

*$POSITION 320 178
*$LAYER Weather / Data Files #

PARAMETERS 9

4 ! 1 Horiz, radiation mode
1 ! 2 Tracking mode

3 ! 3 Tilted surface mode
DAY ! 4 Starting day

15 ! 5 Latitude

A0Fs N [P o |

aptime
I'TMY -2.Data Readei:Glob zontal radiation==Total radi
Ny=2-Data Reader:] liatien -~Pireetnormalbean
LT data >of taea
) '"TMY-21 "next data rea
I'[uiiec
0 L
3,0 LI H-Azimuth o
ek qlf, 'r‘\!’ ‘\l \ETIES
00 0.0 1,002 150:0
vde pesS4ti"(Type-544)
U BIYPR Fype54
INTTNA
*SMOBEL ) i SS)\ntegral Col Elat Pla th'HX\Serpenti
FubeX¥ 3% JAMS\] 541j.tmf
$POSI N 430
% "ER-Main #
*$# Versions-of this'ICS mg fi ions (vertical'ty at
horizontal
$# bank, a tled tube HX) ang igle modi c ng (single ta
"
bi-axial data file, cover-and absorbg ) for'a small upgrade fee. Contac
27
7 forynore i 1ation:
TERS 42
L Wit of Tank N
M2Noding scheme
‘!“"I L_,_"‘Il(._ £ 1')('-n-r fyoy
Length
1 ! 7 Tank Fluid
0 ! 8 Percent Volume of Tank Fluid
24 | 9 Initial Tank Temperature
118.799997 ! 10 Edge Loss Coefficient
118.799997 ! 11 Bottom Loss Coefficient
-1 ! 12 Additional Thermal Conductivity Mode
5 ! 13 1AM Mode

0.9 | 14 Plate absorptance



1.01
0.05

cacwvw
o

= =
to 82

(3]

(=]

0.018
0.02
0.756
2

10
0.0
24
0.0
INPUTS 30
Toutlet
0,0
0,5
5,7
5,6
5,4
39
5,10
5.2
5,3
5.1
0,0
0,0
6,5
6,5
0,0
0,0
0,0
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! 15 Number of covers

1 16 Cover refractive index

! 17 Extinction-thickness product

118 # of HX Nodes

! 19 Tank Node for HX Node-1

120 Fraction of HX Length for Node-1
! 21 Tank Node for HX Node-2

! 22 Fraction of HX Length for Node-2
! 23 Tank Node for HX Node-3

! 24 Fraction of HX Length for Node-3
125 Tank Node for HX Node-4

! 26 Fraction of HX Length for Node-4
! 27 Tank Node for HX Node-5

! 28 Fraction of HX Length for Node-5
! 29 Heat Exchanger Fluid

130 Percent-Volume of HX Fluid-—— - -— - —
! 31 Multiplier for Nat. Convection Corr,
! 32 Exponent for Rayleigh #

| 33 Geometry Factor

! 34 Geometry Factor Exponent

135 HX Tube Inner Diameter

! 36 HX Tube Outer Diameter

137 HX Wall Conductivity

! 38 Length of Heat Exchanger Tube

! 39 Number of Tubes

! 40 Header Volume

! 41 Initial HX Temperature

142 HX Cross Sectional Area

! Equa:Toutlet ->HX Inlet Temperature

! [unconnected] HX Inlet Flowrate

! TMY -2 Data Reader:Dry bulb temperature ->Top Loss Temperature

! Radiation Processor: Total radiation on surface 1 ->Total Incident Solar Radiation
! Radiation Processor:Horizontal diffuse radiation ->Horizontal Diffuse Radiation
! Radiation Processor:Total horizontal radiation ->Total Solar on Horizontal

! Radiation Processor:Sky diffuse on surface 1 ->Incident Diffuse Radiation

| Radiation Processor:Incidence angle for surface 1 ->Incidence Angle

! Radiation Processor:Solar zenith angle ->Solar Zenith Angle

! Radiation Processor:Solar azimuth angle ->Solar Azimuth Angle

! Radiation Processor:Slope of surface 1 ->Top Surface Slope

! [unconnected] Collector Azimuth

! funconnected] Ground Reflectance

I'TMY-2 Data Reader:Dry bulb temperature ->Edge&Botom Loss Temperature
1 TMY-2 Data Reader:Dry bulb temperature ->Safety Sink Temperature

! [unconnected] Inversion Mixing Flow Rate

! [unconnected] Modifier for Calculated Tau_Alpha Product

! [unconnected] Top Loss Coefficient

! [unconnected] Additional top losses

! [unconnected] Overall safety loss coefficient-1

! [unconnected] Overall safety loss coefficient-2

! [unconnected] Overall safety loss coefficient-3

! [unconnected] Overall safety loss coefficient-4

! [unconnected] Overall safety loss coefficient-5

4{}9—!{unc0nnected]ﬂ}ntemedakﬁtennalﬂconduuwu y=1

R 0,0

! [unconnected] Internodal thermal conductw:ty—l -
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0 ! 11 Output file units

0 ! 12 Output file delimiter

INPUTS 3

8,1 ! Type541j:Temperature at HX Outlet ->Left axis variable-1

6,5 ! TMY-2 Data Reader:Dry bulb temperature ->Left axis variable-2
10,1 ! Type57:Output ->Right axis variable

*#% INITIAL INPUT VALUES

Ttank-C Ta-C GT-W/m2

LABELS 3

"Temperatures"
"Heat transfer rates"
"Graph 1"

#
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