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1.0

3.0

PURPOSE

The purpose of this document is to present the results of an analytical determination
of the effect of heat loss from solar thermal collector array manifolding on array
thermal performance. The analysis computer program permits a direct comparison
of array thermal performance with and without external manifolding.

SUMMARY

A simple FORTRAN computer program wes written to permit the computation of
the thermal performance of solar thermal collector arrays with and without external
manif .:ds. Comyutations were carried out for arrays constructed from two example
solar thermal collectors (Grumman Model 332A and General Electric Model TC100)
that are to be used in the DOE Solar in Federal Buildings Program. The results of
the analysis are presented graphically for typical ex:ernal manifold sizes and
thermal insulations and are compared directly with the collector alone thermal
performance (i.e., the ASHRAE 93-77 thermal performsnce results based on
collector alone gross area).

The results indicate significant degradation in collector array thermal performance
for manifold insulation having thermal resistance (p hr.ftz.°l') values of 2.0 or less.
Values of R near 7.0 and greater denote little heat 1 d performance degrada-
tion. Note that the determination of an effective coliector area that includes any
external manifolding and spacing between adjacent collectors is critical to adequate
determination of array performance. The effect of the assumed effective area on
array performance is shown graphically for the two cases computed along with the
effect of the various insulation R values for the external manifold.

INTRODUCTION

Solar thermal collectors have been designed with a variety of inlet and outlet
configurations. This is especially true in the case of flat plate and evacuated tube
designs and has resulted in a varietv of marifolding configurations, manifold pipe
size, materials and insulations, varying quality of installation workmanshio, ete.

Ideally, the system designer should minimize the amount of external manifolding
required. The two most important reasons for this are as follows: 1) to reduce the
physical space required for a collector array; and 2) to minimze manifold heat
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losses. It is obvious that the amount of useful energy collected per unit area will be
diminished if th: collector array wastes space unduly and if external manifolds are
poorly insulated. Thus, collectors using internal (integral) manifolds are generally
preferred when designing large arrays of such collectors.

Although there are many other advantages, as well as some disadvantages, to the
use of collectors having internal manifold configurations, the intent of this report is
to provide a general comparison of the area and heat loss related effects of
externally versus internally manifolded collectors. Section 4.0 provides an overall
discussion of the study, including the basic assumptions, analytical model, and
computational parameters. Section 3.0 presents two example input data sets (two
collectors) and Section 6.0 presents the results of the study. General conclusions
from the study are presented in Section 7.0. A list of flat plate solar thermal
collectors that may qualify as having internal (integral) manifolds is presented in
Appendix A. Appendix B presents both a sample computer input and output and the
program listing used in the present study.

DISCUSSION

Internal/External Manifolds-Definition. Except for those solar collectors that use a
single serpentine flow path, most flat plate solar thermal collectors have a distinct
internal header/riser configuration (Figure 1). The collector of Figure 1, as
configured, requires a significant external manifold for it to be connected in parallel
to another collector, or collectors, in an array bank. Thus, in this report the
collector of Figure 1 will be treated as having an external manifold in spite of its
header/riser configuration. '

The collector examples shown in Figure 2 may be considered to fit the description of
internally (integrally) manifolded collectors if designed as such. Obviously, such
collectors will function adequately only if the headers and connectors must be
adequately sized to maintain balanced flow rates in all of the risers.

Scope of the Present Study. The study described in this report provides a simple,
accurate comparison of the instantaneous thermal efficiencies for real and idealized
flat plate solar thermal collectors with and without internal (integral) manifolds.
The following parameters were varied to evaluate their effect on collector array




Or fLET MANIFOLD
(Tvpical)

:} ——

=1 T¢— RISERS

=*Z—=0ONE O} n COLLECTORS

= Wl 1
] L

—_—\ ;*, —_—

N
VINTERNAL HEADER (Small)

INLET MANIFOLD
(Typical)

Figure 1. Typical Flat Plate Solar Thermal Collector
With External Manifold Required

CAPPHE--[h: P C -

INTERNAL (INTEGR
MANIFOLD/HEADER

f . Figure 2. Flat Plate Solar Thermal Collector With
Internal (Integral) Manifold/Header



‘.3

efficiency:

1)

2)
3
4)

Manifold Insulatior: Effective Thermal Resistance, R = 0.75¢, 2 and
ft2 he.OF
7 L * .
BTU

it.:ver of Parallel Collectors in Array Bank,n = 8.
Average Ambient Temperature, t a ® 40°F,

Menifold Inlet Temperature to Array Bank, ty, = 40.1 °p, 150 °F, and 220
[}
F.

Underlying Assymptions of Analysis. A set of assumptions weas established to
provide a simple, but realistically accurate analysis. It is deemed that no single
assumption seriousiy limits the results of the current analysis:

1)

2)
3)

4)

5)

All collectors in an array bank shall be identical and shail use a liquid as the
flow media.

The liquid flow rate through each collector shall be identical and equal to rh e

Externa! manifolds—when used—shall be of a constant diameter tube (or pipe)
and be uniformly insulated.

Manifold heat losses (Q, \,) shall be determined from the ingut values of the
effective insulation resistance (R) and the difference in the calculated mean
fluid temperature, .‘M' between collector inlet (or outlet) por:s and the
ambient temperature, ta' i.e.,

A
Uy = & G-ty m

and where Ap is the total tube (or pipe) area between collector ports on the
same manifold.

The external manifolds receiva no heat inout from exposure to the sunlight.

2,0
£t hr.%p
.7
An R value of 0.75 —B70—

i) approximates that of an uninsulated pipe.
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L)

)

The number of collectors, n, in an array bank shall be 10 or less for
computation purposes.

The gross area of the collector array bank shall be defined as n times the
effective gross area of a single Lollector. Two separate collector areas shall
be input: a) A‘ - the yross .~2a of a single collector as defined by ASHRAE
93-77, and b) AgBM - the eliective gross area of a collector {ncluding its
externally configured manifold. These two areas, A_ and AgEM' are further
defined in Figure 3.

Required input Data. The following input data is required to perform the analysis
for determining the effect of manifold heat losses and/or effective array size on
collector array bank performance:

1

2)
3
4
5)
6)
(]
8
9)
10)

Collector efficiency parameters based on gross area (A‘) and first order curve
fit in accordance with ASHRAE 83-77 test results (A, B, and K,..)

’78 = AKGT + B (tl'ta)/lt (2)

where B is defined in English units, Ky is the incident angle modifier, 4
is the collector inlet (fluid) temperature, and t‘ and lt are defined below.

Ambient temperature, t ©p

Menifold inlet temperature, ty,, ©r)

Total insolation measured in the plane of the collector, I (h?-:—t%)
Collector gross area, Ag (tt?)

Collector erfective gross area including external manifold, AgBM (ttz)
Flow rate through each collector, h, (ibm/hr)

Mean value of flow media specific heat, Ep (BTU/1bm.°F)

Number of collectors in array bank, n

Bffective external area of manifold tube (pipe) between adjacent inlet (or
outlet) ports, Ap (tt?)
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11)  Efictive thermal resistance of the manifold insulation, R (r.ft2.F/BTU).
Note that the area, Ap. used in Bquation (1) riust correspond to the proper
area as designated by the pipe insulation manufacturer. In this report the
manifold pipe (tube) diameter is used in calculating the heat loss srea.

4.8 Governing Bquations. For simplicity in the current &nalysis, only linear equations
and mean values of individual parameters have been utilized. Thus, the analysis
proceeds with the following equations and in the general order presented.

4.5.1 Inlet Temperature for Inlet Manifold and Individual Collectors: Given the tempera-
ture, t,. of the flow at the start of the {nlet manifold, the heat loss from each
length of inlet manifold must be computed. With the assumption that the
temperature change of the fluid in the manifold is lin.arly related to the manifold
area, ambient temperature, and insulation thermal resistance, then the temperature
at the terminus of a manifold length may be computed as follows:

2At

. A
Mgt [ "Mg"%"‘f{l ‘R ®
(2, ) + ()

Bquation (3) is derived irom an energy balance on a length of manifold, i.e.,

tmy

A .
Uuiy * B Gy - 8 w
wnd
Qmii = ™S Cwger -ty (%)
with the mean manifold fluid temperature defined as
’tMM = (tm’_l + tMM)/z.o (R)

By defining t'ml.j-l = typ the temperature at the terminus of each inlet manifold
section may be determined by repeated application of Equation (3). PFurther, the
inlet temperature of each collector, tCl.j' is assumed to be equivalent to the
terminus of each section of inlet manifold, i.e.,

fery =t - @

-3



4.5.2 Collector Efficiency and Collector Outlet Temperature. The outlet temperature of
each collector rmust be determined to provide a boundary conditicn for the outlet
manifold heat loss calculations. To accomplish this, the efficiency of each collector
is computed from Bquation (2) as follows:

Ngq = AK,. + B(tcm-ta)llt. (2)

Thia, the collector outlet temperature is computed as follows:
Ng ¢ LA
‘co = tciy * “&g"' ®

gj
4 ltAg

since

4,5.3 Manifold Heat Losses: The equation for the manifold heat loss was introduced
previously as

A
Uy = 7 Gy-t)- i)

Equation (1) is written with the assumption that the mean value of the manifold flow
media temperature, EM’ may be computed by averaging the temparature at the
beginning and terminus of the manifold section between adjacent collectors. With
the appropriate subscripts, QLM may be formulated for both the inlet and outlet

manifold sections.

Thus, for the array bank of Figure 3, tre mean temperature of the flow media in the
inlet manifold between collector no. 1 and collector no. 2 may be computed as

+ (10)

tung=z = Cmpger * tupg=a20 = (opge * topy=g)/20

and so on for each inlet manifold length.




Similar computations may be made for determining the mean temperatures, -‘MO.,I'
in the outlet manifold with the exception that mixing must occur in the flow
between the collector outlet ports and the corresponding outlet manifold locatior.
Thus, the mixed flow media temperature downstrecam of the outlet port of collector
no. 2 may be computed as follcws

. _ “moBj=1X"o =1 * Yoo =g an
MOM,j=2 o1 * T

and 80 on for each point at which mixing occurs. The temperature of the flow media
at the terminus of each section of the outlet manifol¢é may be computed through the
application of Equation (3) with the appropriste assignment of subscripts, i.e.,

A
- 2A_t
_ tmom,j [(zmMO.jxcp) - (’1'!2)] t_pe (12)
tmMoB,j ~ 4 R

- A
(2 hyo X&) *+ B

4.5.4 Collector Array Bank Efficiency: After calculation of the temperature at the

terminus of the outlet manifold, tMO’ the collector array bank efficiency and useful
energy output may be computed from the following equations:

Qy = “"l:ap(‘mo -ty) Q13)

ng = Qu/l A m. (10)

The choice of the gross area, Ag, to use in these computations depends on the
effective area for each collector with consideration given to the added area due to
the external manifold. Thus, the use of Eguations 13 and 14 and the appropriate
effective area permits a comparison to be made with the same array bank, when usirg

only the gross ares, Ag, of the collector alone.



8.0 EXAMPLE COMPUTATION
Two commercially available collectors were selected as examples for this analvsis.
The input data was generated from their individual ASHRAE 93-77 thermal
performance results and from other assumed parameters listed below:

Input Parameter Value for Bach
Collector
Input Parameter Definition Grumman General Electric
Model No. Manufacturer's design..'ion 332A TC 100
A Collector efficicney parameter  0.730 0.432
B Collector efficiency perameter 0.844 0.078
K ar Incident angle modifier 1.0 1.0
ta Ambient temperature 40°r 40°F
tyr Manifold inlet temperature  (40.1,150,220)°F  (40.1,150,220)°F
1, Total insolation 0 210 310 ----"""’2
hr.ft hr.ft
A g Gross area of a siny’le colle>tor  31.80 ftz 17.41 “’2
Apy  Gross are of a single collector 35.55 ft? 19.10 £t
g including related external manifolds
rfb Collector fluid flow rate 400 lbm/hr 110 1bm/ hr
Ep Mean speci®'» heat of flow 1.0 -——-B'I;U 1 -———-—B':U
Ibm. F lbm. F
n Number of collectors in array 8 8
bank
A Area of manifold tube (pipe) 2.2 ft’ 2.2 1e?
P between collector ports
R Insulation thermal (0.75,2.0,7.0) {4.15,2.0,7.0)
resistance of manifold 20 20
he.ft"."F heft°."F
covering ~ BT0 ~ BT0

The effective gross area with external manifold (AgEM) was estimated from the
collector gross area (A_) and the added area due to the manifold and collector

spacing (Figure 3).

10
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The temperatures and total insolation were chosen to produce a typical range of
thermal performance for the examole collectors. The insuiation thermal resistance
parameter (R) was varied from essentially no insulation (R = 0.78 g;.ﬁz.ol? ytoe

20
relatively high degree of insulation (R = 7.6 "z F ) tor external manitolds.

KESULTS

The manifold heat loss analysis was applied to two separate collectors (Grumman
Model 332A and General Electric Model TC100) as described in the example
computation (Section 5.0). The results of the computations are shown in Figures 4
and $ for the Grumman and General Electric eollectors, respectively.

The surves labeled "g in both Figures 4 and S represent the ASHRAE 93-77 thermal
performance of the collectors based on the collector's gross area (Ag)‘ The curves
labeled "gEM are representative of the ASHRAE 93-77 thermal performance
modified by the effective gross area (AgEM) of the collector including the external
manifolds. Note that the value of the effective gross area must be careful'y
specified, since it is indicative of the gross "array" area used to produce useful
collected energy.

Associated with each curve labeled ngEM are thermal performance curves illustra -
ing the effects of various pipe insulations. Values of the insulation thermal
resistance (R) and the associated manifold area (A p) between adjacent collectors are
input to the computer program. Figures 4 and 5 show the effect on array efficiency

2, 0
with R values of 0.75 (essentially a bare pipe), 2.0, and 7.0 "—%U_F . Thus, tre
computer analysis permits optimization of the pipe insulation type and its effective

thermal resistance.

Note that the computer printout (see Appendix B) includes all of the inlet and outl«t
temperatures, manifold heat losses, and efficiencies of each individual collectn:,
Also, the printout includes the array inlet and outlet temperatures, the usef:l
energy delivered from the array and the array efficiency. Thus, manifold hest
losses can he readilv evaluated and plotted to indicate the energy lost by the array.

1l



7.0 CONCLUSIONS

The computer analysis preserted in this report permits an evaluation of the effect
of various manifold insulations on solar thermal collector array efficiency. The
analysis is simple and produces results quickly. It is believed that the assumptions
made to develop the analysis aren't serious limitations to the method. The computer
code can be easily modified. For example, the modification to the code to calculate
the mean value of the flow media specific heat as a function of temperature may be
readily accomplished.

The results indicate significant degradation in collector array thermal performance
for manifold insulation having thermal resistance values of R = 2.0 hr.ftz.oF/BTU or
less. Values of R near 7.0 and greater results in little heat loss and performance
degradation.

Note that the determination of an effective collector area that includes any
external manifolding and spacing between adjaccnt collectors is eritical to adequate
determination of arrav performance. The effect of the assumed effective gross
area for the two example cases in this report show a dramatic effect on array
efficiency.

12
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APPENDIX A

LIST OF COLLECTORS IN PHASE I OF THE
DOE COLLECTOR TEST PROGRAM HAVING
(INTERNAL) INTEGRA L MANIFOLDS
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APPENDIX A (cont'd)

A cursory review of the collectors tested in Phase | of the DOE Collector Test Program
indicate that the list of collectors below have (internal) integral manifolds. The list
cannot be considered fully complete or accurate for the following reasons:

1)  Approximately 20 sets of collector drawings and/or specifications were not
available for review.

2) No evaluation was made of the flow capacity of the individual colleator
integral manifold, i.e., the number of collectors of a particular model that
could be placed in parallel without an external manifold was not determined.

Approximately 100 sets of collector drawings were reviewed to identify the following 19
collectors believed to fall in the category of internal manifolds.

LIST OF COLLECTORS IN PHASE 1 OF THE DOE COLLECTOR TEST
PROGRAM HAVING INTEGRAL (INTERNAL) MA NIFOLDS

NAME MODEL
Daystar Corporation 21-B, 21-C
Energy Systems, Inc. 1111D, 1:118
Federal Energy Corporation F-200
Gulf Thermal Corporation CU30-SL
International Technology/Solar Corporation Merk I (4),

Mark V(3
Oahu Solar Products Solapak 150
PPG Industries, Inc. C-524
Precision Industries, Inc. 50-11-3MG
Solar Energy Products, Inc. CU-30-WW
Solar Enterprises, Inc. SLIMLINER
Solar USA 288, 378
Solaron of North A merica, Inc. SC0-200
Specialty Mfg. Co. (Insulator) SA120-12588
Sun Life Solar Products SP-100
Sun Power Systems, Ltd. C38B-H
Sunearth Solar Products Corporation 3597ADGFB
Sunworks Division of Enthorpe, Inc. N/A
Wallace Companv Wallace Companv
Solar Collector

Wilcox Manufacturing Corporation SC8000
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APPENDIX B

SAMPLE PROGRAM INPUT/OUTPUT AND
COMPUTER LISTING FOR COLLECTOR MA NIFOLD STUDY
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APPENDIX B (cont'd)

SAMPLE PROGRAM INPUT/OUTPUT

GRUMMAN COLLECTOR, MODEL 332A



COLLECTOR MANIFOLD STWDY
INTERCEPT EFFICIENCY=8 738 SLOPE=# 844
INCIDENT ANGLE NODIF IER VALUES FOK 6,16, 26,... % DEGREES HRE
Ll LW Luw L0W LOM Lo Low (0N LoW Low
RBIENT TENPERRTURE= 46 &  MRNIFOLD INLET TENPERNIURE=2E @ TGTHL FLUM=304 §
UOLLECTOR GROSS ARER=3L 68 COLLECTOR GROSS AREA MWITH E-%10 55
COLLECTOR MHSS FLOW RATE=46@ B¢ FLULD SPECIFIC HERT=L o
MICER (F COLLECTORS= 8 MRNIFOLD PIFE ARER(S)= 22 MNIFOLD R YRLLE= 2

CLLECTR MO =4 TCIs219.9  T00R2S 7 TMI=218.9  TMOMeZS 1 TROB=2d 8
TNz 0 TENEZS ¢ AMEI% Y AAEAL S
MUIRI=M  ROUIME o Mot 24

CULECTOR N0 = 2 TCI=229 9 0025 2 TRI=218 5 TMOmZS @ TWB=24 7
=AY Y TBMEZe Y QMY S QNRE 3
ROTRI=262.  MOOIN S N6 24

GLLECTOR N0 = 3 IL=29. 8 e 1 (M=229 8 TMORSZM4 9 IME=Z 7
Toi=219 8 TEMEZ4 6 @QUIS19 6 WNRAD 3
WOTRI=2488  MOTAGLM. MG 220

GLLECTOR NO.= & TCI=219 7 TCO=225 8 TRI=Z29.7 THOME24.8  TAOB=224.7
TBMI=29. 7 TEWECZ67 @M 7 @MO=83 2
NOTRI=Z008  MOOTMO=1608  NG=8 224

CILLECTR NO.= 5 TCI=219.6  TC0=224. 9 TMi=218 6 TMOmeza. 7  TAOB=24.6
=29 6 Time2z4 7 @MI=L 6 GUNGRES 1
KOTRI=16%  MOOTMG=D006  No=6 225

CLECTIR NU.= 6 1C1s209 4 TORZ4 6 (MI=248 4 IRMEZ4. 6 MBS 6
TM=29 5 TENEZG 6 @Al 4 @UAORB3 4
NOTRI=L2M  MOTM=60 o 225

CULECTOR N0 = 7 TC1s209 2 TOIRZ26.5  TRIzAS. 2 ™™OmeZ4. S In=24.5
Il=AY ¢ A S WIS 2 SRR B
WOTRI= 608 MOTND=20 MG 226

CULLECIOR Moz 8 TCl=d6 © URcs ! (M= 7 INOMZed  TRBSCA 4
=AY Y (AR 4 QAL G MR8
NOTH= 46 FOUTME20M NG 207

COLLECTOR ARRAY PERF ORMAINCE

! Mi=2000 ™ =24 %
WEM %5 NENAG=O 160 REXINH 164
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APPENDIX B (cont'd)

COMPUTER LISTING FOR COLLECTOR MANIFOLD STUDY
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188

"2

g —————

DINESTON TC1C48), THTC4@), 22 (40, TRTA®
DINDSION TO0(16), THONC18), TRAD(1E), QUID(16), THIR(18)

RERL MDOTHI(48), KT CA8), 1T, NOOTC MG, S -
CINTINE -r - B
WRITEC, ;280 T —————— A
FORFT(* 1€ N THE MR OF COLECTORS =~ =~~~
TG M e —r—— -
TFOCLE® 60 T0 680 e ——

RIE. 2y S G YR Y SR N M SO TSR

- FRFTC TV DN T INTEREPT D SUPE GO/~ =™~

CERGORE T T
WRITE (7, 198 “ it
FORMAT(” TYPE IN THE E-¥ INCIDENT ANGLE MODIFTER'E) ~ == v
mq‘” R i
FORNTC FR 6,18 28 . amm - P e p—
mc‘m s ave . M ST, TR T L
IR BEy s>t S -
FORSITC” TWPE TN THE WBIBN TEWTRATRES ™))~ < =7
BOGOR B ek o
WITED, 1066) : R
FORMRTC TVPE IN THE TEMPERRTURE AT THE ‘)~~~ Syl
WITED, 1867) ) T T e
FORMITC” WNIFOLD INLET “8) e -
RERD(S. )T ' I
WITE, 1066) > -
FORMAT(” TVPE IN THE INSOLATION VRLLE $) SRS
RERD(S, T ' - -
WITEC 1989) NEDRRAtS m— -
FORNT(” TYPE IN THE COLLECTOR GROSS ARER.“$) .
20 NG N .
WITED, 1#8) iy PO S g
FORAFT( TYE 1N THE GUSS ARER MITH BTERAL MNIFRLD ‘) ~ w
FERD(S. # GEM -
RITED, t#0) o -
PFORRTC TVE IN TE CULECTR LW RRTE D)
RERD(S, # WOTD S g
BITEC, 1042 e e
FORMTC” TVOE N THE SPECIFIC MERT “$) ' .
RERD(S, )P -
RITED, 1)

FORWT( TWE [i THE WER OF THE WNTFILD PIPE PTOLS)
BOE o®
WITET, 814)



1814 FORMATC’ TYFE IN THE WNTFOLD R WRLUE:“$)

10

11 S B v mprasean

RERD(S, #)R e

mm(ﬂ;M) - e R LEROELCT v o

FORMTC1X,‘COLLECTOR, MNIFOLD ST i
wnﬂﬁ-w)ﬁ;s = 2 " ATU STI AP S o
FRMTCLY, ‘INERCEFT EFFICIEMOY=",FS 3% =

)
—ra®
- 2
- - R T
=%

FORWTCX, “INCIDENT AGLE NDIFTER VRIS FIR® =" =
8162 . 0 DEGREES AE% ARARZ.D) T T T o
WITEG MOOTRLTT iy e 5 4
FOORT (0%, ‘REIENT TOPERTRE="F5 43, — — —— ~
' RNIFID TNET TEPERTREFS L3~ T T
TR AW FD 0 T e
NRITE(G, 2N MR~ * = T T oy
FIRWAT (1%, ‘OLLECTIR GROSS ARERFS 258~ = 7
"DLLECTOR GRUSS ARER WTTH E7,F5. 2 = am—
WITEGE, BENOOTC. P~ Santad

FORMAT(1X, “COLLECTOR MASS FLON RATE=",FE. 2., o] iy
“RLUID SPECIFIC HERT=",F5 3 |
WRITEC6, 087G, . R e
FIRWT(LY, IR F CILECTORS 2%, -
WNIFOLD PIFE ARERCS)=", F5. 4 5% o

O WNIFOD R WLIELFSD) SE—
INITIAL CORDITION L

MO (4)=NCHD0TC C e e e
TCICAY=CNT 142 #OOTHI(ECP-RPR) e

H2 WPTR)/R)/(2 HOOTHTCRCPHP/R) e
MI@=TCID - e

TRNT(D=(TRII+TCHA) 2 kol e
QNI (1)=(RP )= TRNI (1)-TR) T
D0 166 J=2. K R
ROTHI(])=(NC-J+{)sMDITC -
TCI(d=( KT (J-1)#Z SDOTHTCDSCP-RPAR) e
+(2 #P+TR) R) /(2 $DT™] (D(PHFR) )
TM(D=TCI(D
TR D=(THICI-04TCI( D)2
EHLD=(RPR) % TRI (D-TR)
(ONTINE '
XAT=L
D0 2% =L N
NG =R X RT-Re( (TLTCD-TR)/TT)
TOOCD=TCT D ONG( a1 TG/ (DOTCACPY
MOOTHOC T)=9D0TT
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Z

CONTINE
TAN()=TO0
THRCD=(THON )8(2 +AITMO(1 eCPRF R+

- 2 WA #DOT( S0P R)

00 3 12N

TMONCD) = TN 1= WDOTNOC -4 4 TO0C 1D D)
/(OTRO(T-1)+00T(0)

TORCD=(THMN (2 «DOTHOC D S0P

+0 HPTRAR 2 D0TH DSCPHP R
CONTINE

D0 48 =1 N

TR0 =(TMINC)D+THOB()) 2
QUMD =(FP /R (TR -TR)

CINTINE

TRE=TNOB(NC)

WEMADADATI P (TH-THI
NEN=0UEN (T o)

NEMRNSQUEM. (TR

LUNLT RSN

MRITECE. @D TCTCOD TEOUD. TRICD . TN THOR(D
FORMATCLY, “COLLECTOR NG =, 122 TCI=.FS &
X TO0=FS 13X THI=",FS L.2X ‘TR FS &,
X TME=.FS 1)

WRITECE 00 TENT (D, TRCD. AN (T, MDD
FORMIT(ZN “TRM]="FS 4 TR FS L X
AN FE L AMELFS D

NRITECS, OMQTRT (D 0T NG
FOPMRT(2, “MDOTN]=7. FRL 8. 2X. “MOTMD=*, FS. B
A N=LFE D

[(NTINE

WFTEE )

FORMRT (48 (OLLECTOR ARESY PERFORINGE

T TE R TR TR

COMRTCEX TN 7 220 T = F7 D)

W TTE G MM, NEXRG. N

FIPRT. X QB F7 6. 2 /0ENG=

CFS° XM 5D

CONTINE
e

N

=2

AGE
o\l‘lﬁm";‘ QUALY
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