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INT’RODUCTION

Many computer proflrams for solar syBtcm simulation hnvr I)rt.u rfrveloprd to aid in tl]r rrscarch on

and dccign of SUCI) systrms. All h{]l a frw of tli(,~c pro~rnms frill into on!. of Lwo cntr~ori{!s: (1)

month-hy-rco!lLh simlllator~, l~rimnrily IIsccl ill d\.si~n, and (?) l]otlr-l~y-hollr simlllaLors, prim.11-ily used

for dctailrd syst(,ms nnalysis a,),! for dcvclopn!,>,,t of simplifi(,d <I,sipn mcLl,ods. Until now, all of the

programs in the latter cntcgory I)avc had dc[icic[,cics in ~rv(,ral areas.

Bec.wse of there defici~nciv-,, the Compon,>nt IJ.lsrd Sillu]nLOr (CDS) computer prngram w.]+ rcccntly

dcvclol,cd at Ll,r l,o:; ,I]amov Scientific Lnhoralnl-y (1.ASI.). l’l~r de!. iRn plliln!:opl!y Lh,lt .q, lided CBS

dcvclopmcnL incl(,d((l stron$: tmpl,usis on the [tllln!:in~ critt,ri.?. lllr prey, r:lm sl]ould l)a~,r ,nn cx(,c[lt ion
speed p,rcat cno.1~[11 Lo mnkc many IJaI .nmetric run:i l,, asiblc. [L 6hou]rl I]:lv(- tllc flt>xil]ility Lo he {Iscd ns

both a dcsiCn and L rrqearch Loo1. 1’IIc prn~,r:lm SIIOUILI ht. l]i~,l!lv ~ls,. r-or icntrcl and Ilav[. inp,lt allcl

OUtpUL SchCCIICs Lhflt arc ensv Lo IJSC. It SI1OUI(I III. prlrtnl)l~, ;,13011K !nnny computer instnl 101 if>ns.

Finally, the pr,~rram SIIOUIC! hc not only an in(l,]l,,,cl~.nt prni:,:m, htlt also n module in a comp]ctr

buildinC encr.yy annlysis program pockocc npplic{lbl~ to boLl\ r(”sidcntial and nonresidential buildings.

FEATURES OF TllE CIJS l)NOCRAM

The CBS prup, rum wos dcsi)~ncd as n mn,l{llr nf rl](h DOE-1 (formcl ly Cal-EROA) buildinj: t>nory,y nnnlysis

program pnckn~r [1]. A:, in ‘T1/NSY!; [ 2] , tllc S(.)1.lr sim,ll:l Lor in wid(, st U.TP tod:]y, a componrn L-hascd

atructu r,: nnd mrLljod,~lc7y rnohlc Llw C3S us[~r 10 ,Iss(>mblc n larfl[~ n(lmbur of syst,,ms wllilc code

rcdunclnncy i~ kr,l]L 10 {] mil~imklm. ‘TIIP prcsont !,ri)yrnm cnn si,n!!]aLr acti.Jt! spncc l)cntin~ and building

ficrvic(: hot wotrr systems, ho:li liq’i](l :]nd air, .I!, WC1l ,ls a s{Jtar-assisLed 1]{,.1( pump. Avoil.lhle

componcnt~ incltl(lr, flfl?-pl,llr~ collectors, II(,;)I l,xcll%lny,cr-i, Iiqlli[l and rock-l)o{l siL[]r,ll:r units,

diffrrrnti~ll conLro]l~I~, and ~luxi)iury ll~’:lti,l!r, c!lnLroll~,~. S ,vcrol insolation models ur[, available
for ljoLh mrnnurrd nl)cl c.alc:!l,ltcl{ radi~tlon. In addition LCI Lllr componcnL-b:l.srd c’npabi]ity, tllc program

includefi complr L!’ 1 iqllill :]1111tiir !,I,,IcI’ l,(,ilLilll,, ‘;v::l(IM:; pr(,rt);]nrctt.d Kor tlsvr c(lnvcnicnce . Passive

solar nlld Holnr-dl Ivcll Oljsot-pticl,l coolin~ Sy!+lli l:)! ti~ll bc add<d nt a l,atcr dci:t~.

Onc of LIIO morfs in)pnr[ .:rltU!:, %r-[>ricntrd l(~LIl\Irti%H is u pow(-rful lnn~ua~c prorossor Lhnt inptltq tllc

synlrm rlc~cril~l.ioll 11.11:1. A.~pr,c ts OF I I!c i Ilp!lt t;IIIII,IIaF,e inc]l!(!r frrc[ormattilll: of input dnta, drfau]ts

for mnny input vari,lllll~s, ,111(1 L]Ir !;c:I I in~~, of ill[vll V!l Tia,, ]C.s I,y otllcr inpllt Vori,lh]cs. Also contninccl

in lhc input lnn F,I1nj:I, ~irc fi.rror rllr,-lf. in~, OH LtIr’ riIIIT,C of inpl!L v.IIIrcs and diu~;nost,ic optionq, inclllding

thr li!+Lin J; of inpl’t nli~l dol~IIIIL VJIIII’!J and ~l!!+il units. Ou!pIIL op’ i.,!,.~ allow tlItI user LIJ sc]cct

prrd(, fini$(] !I,l]orls or 10 J,)fi,w r[”pt,rls or pln Ls .lcrordin~ to :,pr,:inl rcquirtnc,, ts. TIIc proprnm ifi

~implt, C1)OUCII Lo usr as n dt,!,iHn t(]ol, yr!L flcxil~l( cnoup.11 fol. usc in rcscarcll ,

Typical r,,n tiln,,s Cor n yriIr]y ~im!l!nLin,l (Il!,!,r]y timo str’ps ) nrc 15-/15 ccnl-nl proccs90r ~rconcfs
on n CI)C 6600. lh{,nr~ t)xrc(ll iun sll,:t,d~ ,Irf. llO1ln ,71 IV 3 10 10 1 im[,:; [.l~tcr Ll)n!l TRNSYS, qqlc comp,?raLi\P

run Limrs ]nr~:l-ly (1[1~{.nd oll whrll!or time stt!ps nl lCSS thnn 1 1) ,nrc used in l!()!SYS for sl::bility a,ld

convcrl,,cncc; Cl)!; conv(,r~:r,a w(I 1 111 lIil(ITly tilnc !ILI. ps. J’II!. [,r,,l:r:lnl is also hi,;’lly portnbl{,; only

charnclcr manip!lln[ ion nn(l plcILL]IIl~ rou Lin~, !] u3* nonsl nlltliqrd I’31{’II{AN.

CNS is crtpnblo of cxvcutinfl OH nn imlcpcndcnt simulot or. [c this mndc, tllc usrr may citllcr input

prccnlculnlcd lnoldo or calcltlntc Ioa(l.q lIni IIp n tlimplr dr]:rrr-ddy lLImls cm!lp[)n(nt with SCIIOJIII IIS. hl](. n

tlw profirnm i~ us~’d in conjulctiun with tllr lXIK-1 !)uildinu !,nrr~y nn.qly His ~!’,]~,,r;lm, mnlly oLllrr powerful

fcnturro Mrc nvnilnlllc, ullch os snrdliHticotc,l Lr:lnr!icnt lend calc\lltlLiolls, lIVAC uir-sid~) distribution
nyHtcms nimul@Lion, nlld CCOllOmiC :ln,llysis [OK COMLM.rCi{l] bUillliflj!9.

Preliminary documcntatinn o. CBS is now nvniloblc and more complc

llltc 1978.

CBS-TRNSYS COMPARISON

Sc,cral compar(ltivc t,,nt r{,ns were mrwlc ,,niny TRNSYS [2]. C,,,:,par

c monu,ll~ wilL be ovnilr.i)lr by

srmH WCYC m,lrlr uninl! idvllticnl

nyntcmn nnd io:ldq, Il[mlillnl !Iyntrm p[ll.amrlcr~, nll(l Ilotlrly w,~otllcr d,qta COI, !lirt.,~ c itirn. Ilutil-]y rrnult,

were compnrcd tor’ n Lc:lt period of ucvcrnl (IIIY3, and monll}ly flums w{~rc coml)nrcd ior a onc-yc,nr tcsL

pcrlod.

3’hr rcuidrn Lidl liqtlid hptlc,’ ~1,’ntin~ IInd dOmcfl Lic hoL w(ltrr sy!, tcm modclrd hy both pL’,~Rrnmn in
allown in Fi~. 1, I’l!r Cil!3 oiln,ll!!t i 1)11 wun cot~{locl cd hy IASI,, nnd IIIC TI(NSYS sim(ilntion w,~s cljlltl~lctcd by

tllc Univcrni I y of Niocunuin [1]. I’ypicnl rc!,i,l,,nt in~ s,,,r, I,c,lli,,fl 10,,,Io Wrc CI’IICU1:,LC,I ,,nin[~ tl,,.



NllS1.fl pro~ram [/4] nnd wcnthcr dnt:l for Madison, Wiflconnin. Tl)r rfouble-glazed, nnnsclectivr ~ur face

collrctor wtta oricnlfhd due South at a tilt nnf;lt- of ]nLiLll[lc +lfJ*, I,(]IJ an nrcn of 50 ❑2, and n flow

rntc of 50 L/rein. (’HIP annual fiolar frnctinr, w:,: fIfJZ.) Tllc mnin fiLornp,e tank capacity WI!; 4005 L, and

the domestic hoL wnLrr prnhrot tnnk copncity was “J50 L. Dom[:.stic hOL wntcr uLaKe was 350 I./day at a

delivery tempcrnlurr? of 50”C. 1’I)P Hpace hcnt drlivrry schcmc inclurlcd a liquid-Lo-air hcnting coil

wilh a downstrcnm aurtiliary (bocst) coil !Fig. 1).

Rcprcnentati’w, I,ollrly rcnultfi for a period in thr nprin~ (Ffarch 1O-I6 , wllicll included botl) clear

and cloudy dnyo) arr prcsrntcd in FiE. 2. TIM- filij:llt diffcr~nccs between the Ilourly results of the two
pro~rams arc Crcatly diminislwd wll,.n monthly nnrl finnunl ~olar fraction rcsultn, Fig. 3, arc examined.

Norc that agrccmrnt is within 3.2Z monthlv nolar frnction and witl)in 0.8% solar fraction on nn annual
basin, Thcnc rcaultm indicate Lllat CDS tracka l“RtlSYfi within acceptable Iimita.

The ayntem dcncrihcd above was OISO modeled using Ionds nnd wcnther datn for Ilmnburg, Crrmany, and

Santa Maria, Cnli[nrnia. Slightly diffcrcnl systcm sizes were unrrl for these climates. In addition, n

reoidcntial solar apac(! hcnting JIIMI domestic })01 w:jtcr hcnLing flystcm using air collectors and rock-bed
atoragc was mndclrd by both pr~l~rnms using LIIC Mndi~on loadn and w(,athcr data. Tl)c resu]ta ohtnincd

for’ these additional systcma wrrc very similar, both in trends shown nnd relative differences, to those
for the syatcm in Fig. 1.

SAffPM RUN

To illustrntc some of the fcaturca of CBS , a simple liquid reaidcntial apace heating syatcm (Fig. 1

without domcatic hot water) waa simulated.

A computer orstpllt listin~p shuwing an inp{tt echo .md monthly simulation rcsultq, is shown in Fig.
4. The input OCI1O SII[)WS that tllr lanl:ll,qge strlict(lrc consisLfl m,ninly of commands (such as RUN-PERIOO,

SYSTEM, ftnd COMPONENT) and of kcywl-ds (such as lATTTUDK and Lc:lCr’lUDE) to which values arc assifincd.
Fur clnrity, tllc c[)rmoanda bul:in in column onc irnrl L],!! kcyword~ br~in in column scv,,n of tl]e illp!it
carda. IIowcvcr, the input is cti~i:ntija]ly frcr-[ormfit. For example, all three lines of data for the

AUX-Ct~RL component cnuld I)nvc been comprc~ncd inLo onc line. Tllc option to list. the dcfnult valilr:s
used wari cho~cn; buL L,J Himpli[y Lllc rxamp]c, the option to echo input ValuCS nlld tllcir uniLs wns not

aclcct.cd. Input card images arc SIIOWII with arqurncc numhera ~nd wiLh intcrspcl-scd default mr9sazr3.

The prcconncctcrl systr,m was cllo!,.n Ilcrc tn simplify tllc example; in general, the user may connect

varioun component~ Lo nsncmblc a complctc aystcm.

Thr DATA-READER component rcarfs lends and wrathor data from cnrd images on TAPE 19, wllilc tllc

Insolation componrnL collvcrts tot,ll l!nriznnLn] insolal inn values, read by the datn reader, to tilted

aurfncc incident vnl(lr:s. In the SUflSYS’rEM collponrnt, o collector, a liquid storag(! tank, an

il~tcrmcdiatc hrnt cxrlanny,cr, collector-to-cxcllnnr,(,r and cxcln.qllti<:r-to-ta!lk pllmpn, and n PIIMP controller
arc prcconnccLed Lor,cutl(,r. Finally, tllo AUX-CIJTRI, component models Llic combiniltion of solar and

auxilinry energy 10 Nriti8fy tllc sp.ncc heating load.

The report follnwirrp the input data aurmnarizc9 tllc monLhly rcoults of systcm performance. Althougll

the report shown here is o ata!ldard report, !IIC usrr may also define the contt!nt:: rKf his own report.

‘fllis includes thr sclr:Lion of titlr~, hcndinl!;, rrporl variables, nllml!l!r of dpciml]l plac[!s, report
pcrirrd, data oulput f,’cqucncy, and column function (maximum, minimum, nvcragc, sump etc.).
User-rfcfincd ploLs mny also bc .gcnel-atcd.

CONCLUSIONS

Thr recently dcvrlopcd hourly solar systcm aimu]aLor, CDS, is n hi~hly cffcctivc, uacr-oriented

analysis and dc8i[;n Loo~. IL is flrxiblc. r:asy-tn-use, nnd [sat, yet mnintains accuracy in compjlriaon

CO TFUSYS, thr currcnL stnndard in l)otIrly solor simultltora. It fcntl,rca boLl\ ~tnndard, prcro[lncctcd

ny8tcm~ and user-confir,llrcd sy~tcms. ‘Sxtcnsivc ini[.ial tcating I]as shown CBS results to bc rtablc and

to bc ttccuratc by cornpari~on with TRNSYS.

CES nppcars Bupcrior to other available Fublic domnin 601oL’ syatcm simulation programs that uac

hourly or aubhourly time atcps nnd ahrruld bccomc widcl> ua:!d.
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Fic. 1. Solar hc.sting sysLcm schematic.
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