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ABSTRACT 

For the computation of the gross heat output of solar collectors 

by means of meteo 3ata and characteristic collector parameters 

two programs were developped: 

- MURD for the determination of the "mean usable radiation density". 

- ETA for the calculation of the collector efficiency i.e. 

relative values of gross heat output. 

In the first part of this report the main features of these 

programs are described and detailed instructions for the use 

of them are given. Results of some cases for the meteo-situation 

of Zurich airport are given in the second part. The appendix 

contains some additional remarks which are of interest to the 

user. 
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INTRODUCTION 

In order to enable the members of IEA-Solar Fnergy, Task III 

(thermal performance tasting of solar collectors) to compute 

on a common basis the "£11 Day Performance of Collectors" for 

the meteo-situations of different countries, a program and 

know-how transfer EIR-IEA was decided. For this purpose, the 

original EIR programs NUENDI and ETAH developped by 

A. Duppenthaler and P. Kesselring (1) were improved and 

extended. According to tae various conditions to be fulfilled, 

numerous new options were built in. The new versions MURD and 

ETA are now completed, a description of the main features as 

well as detailed user instructions are given in chapter 1. 

Results for the cases and parameter sets chosen at the Boras-

Meeting (June 10-13, 1980) are shown in chapter 2. 

After having received the EIR-programs as well as the meteo 

data of Kloten (Zurich airport) and the results for the para­

meter sets mentioned above, our partners in different countr.es 

can adapt the programs for their computer systems, check the 

results and then apply to their own meteo data sets. Thus an 

international evaluation of MURD-functions (mean usable 

radiation density) and gross heat outputs as well as a veri­

fication and validation of our method becomes possible. 

http://countr.es
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1. THE PROGRAMS MCJRD AND ETA 

The basic principles of the programs MURD and ETA are described 

ii: the "Atlanta-paper" of P. Kesselring (2). Whereas MURD 

computes values of the mean usable radiation density by means 

of the meteo-data (G. , D. , T ) for a given period and fixed 
n n a 

collector parameters (T , TA, GA, n, b) ETA serves for the 
m 

determination of the "mean collector gain" i.e. ralative values 

of gross heat output refering to the integrated global radiation 

power on a horizontal surface. The mean collector gain is a 

function of the optical efficiency T\ and the heat loss coeffi­

cient a. which are characteristic for a given special collector 

(variable collector parameters). 

1.1 The concept 

The basic idea in treating the all day performance of collectors 

has been to order the incoming radiation energy according to the 

efficiency, with which it can be used by the collector. This 

leads to the choice of (T - T ) /I as the ordering parameter. 

However, a linear collector equation (in IEA-notation) 

n " n - a. »T* (i) 
o 1 

with T* - U •(T - T ) /I o m a 

and U -=10 W/m2K 
o 

is not sufficient to describe the collector efficiency accurately 

enough for practical purposes. At least, two effects have to be 

considered in addition, namely the influence of 

- incident angle of radiation to collector surface 

- variation of heat loss coefficient with T and T . 
m a 

These leads to the following equation for the instantaneous 

heat output (heat flux) of the collector in a steady state: 
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o e i m a o m a 

with the effective radiat ion I : 
e 

-t- -y -* 

I = J"/a(9,<J>,n )-n -j (9,<{>,t)-sin9d9d<{> (3) 
e c c 

Here we have defined the following parameters: 

- > • 

J (9r4>»t) •sin9d9d<(> radiation density per m2 collector surface 

coming from tie angular element 

d£2 = sined9d<(> 

a(9,<J>,n ) incident angle modifier as a function 

of the polar coordinates of incoming 
-»• 

radiation j and of the collector position 
-*• 

given by the normal unit vector n of the 
c 

collector surface 

k(T ,T ^ variation of the thermal loss coefficient 
m a 

a. as a function of mean collector and 

ambient temperature. 

The following simple approximations were proposed and are used 

in our programmes: 

a(6) = 1 - tann(9/2) with cos6 = n -j/|j| (4) 

k = 1 + b-(T -T ) (5) 
m a 

A whole class of collectors - e.g. single glass, selective or 

double glass, non selective flat plate collectors - may usually 

be characterized sufficiently well by a single pair of para­

meter values n and b in eq. (4) and (5) . 

Integrating eq. (2) over a time period t gives 

m a o m a 
- a. 

o 
q -

/ • " 
'o "1 I 

> I dt 
e 

(6) 

Here the main collector efficiency parameters n and a., are put 

in evidence, whereas the correction factors for incident angle 

and temperature variation ((4) and (5)) are included with the 



- 4 -

meteo - and user orientated parameters in the expression 

x = k (T ,T ) -U • (T -T )/I (7) 
m a o m a e 

Equation (6) suggests the choice of x as a more refined ordering 

parameter and hence the definition of the energy distribution 

function as 

35j: = I
e*dT

 : MURD-function (8) 

The corresponding transformation of the integral (6) yields 
x 
° dE 

q = V / (1-x/x̂ .̂ -dx = VF(xo) (9) 
o 

with x = n /a. . o o 1 

Given the set of oarameters n (collector orientation), T 
c m 

(mean temperature of the produced hot water), n (incident 

angle modifier class) and b (heat loss class), we can compute 

the corresponding MURD-function dE/dx according to eq. (8) 

from the meteo-time functions for radiation and ambient 

temperature. 

?or any collector characterized by n and a., and belonging to 

the (n,b)-class, the gross heat output over the period t may 

now simply be calculated iccordinq to (9), i.e. as if the linear 

collector efficiency equation 

n = n ~ a-i'X (10) 
o l 

were valid. If weteo-data of a certain climatic region are 

available for a period of several years,monthly averages of 

dE/dx and tables of the inteqral F(x ) can thus easily be 
o 

computed. The value of such a treatment, e.g. for selecting 

a collector with an optimal gross heat output/price relation 

for a given application, is evident. 
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1^1^2_Numerical_relat±ons_used_in_MURD 

1.1.2.1 The effective radiation I 
e 

Since the meteo data are given by a finite number of measurements 

and furthermore the incoming radiation consists of a direct part 

and a diffuse part, the integral term (3) has to be modified. 

As it is usually the case, only values for global and diffuse 

radiation on a horizontal surface are available from the meteo 

stations. In order to get the effective radiation on tilted 

planes (collector surfaces), we used the following relations 

which were verified by numerous measurements (3) : 

Global radiation on G = D + g«cos9 (11) 
01 O a tilted plane 

Diffuse radiation on D = D + d«cosC (12) 
a o a tilted plane 

Global radiatic 
horiz. plane (ot=0) 

Diffuse radiation i 
horiz. plane (a=0) 

Global radiation on G, = D + g*sin h (13) 
h oo J s 

Diffuse radiation on D, = D + d*sin h (14) 
h oo s 

D^ and D are the non-directional parts of the diffuse radiation o oo 
and are treated as isotropic radiations. The directional part of 

the diffuse radiation i.e. the part coming from the vicinity of 

the sun is added to the direct radiation from the sun. The angle 

of incidence 8 is measured between the normal to the collector 

surface and the direction to the sun. For a horizontal suxface 
cos9 = sin h , h being the elevation of the sun. s s 

Theoretical considerations led to the assumptions 

d = V w # Iv (15) 

D o = (a+b.fa).Doo (16) 

with M = Dh/Gh (17) 

f = 4-U+cosa) (18) 

I = (G.-D. )/sin h . (19) 
v n n s 
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In order to determine the coefficients a, b and f numerous 
y 

least-squares fits were carried out by means of radiation data 

for which 0.15 •$ y ̂  0.99. The best fits were obtained with 

the values: 
f = 1 
y 

b = 1-a = y 

Thus the following relationships were found: 

d = y(Gh-Dh)/sin hg (20) 

g = (l+y)-(Gh-Dh)/sin hg (21) 

Doo = y.Dn (22) 

DQ = (1- |(l-cosa))-Doo (23) 

and the global radiation on a tilted surface can now be calculated 

according to (11) by means of measured values for G. and D. using 

the equations (21), (22) and (23). 

Inserting eq. (11) into (3), we get the term for the effective 

radiation which is to be used in MURD: 

I = a(6)«g»cose + a,.,..'D (24) 
e ^ diff o 

The incident angle modifier for direct radiation which is 

defined as 

a(8) = n(8)/nQ 

i.e. the optical efficiency ~atio for sloping and perpendicular 

incidence is given ty (4). For an isotropically distributed 

diffuse radiation a mean value over all directions is to be 

used. In the case of a horizontal surface (a=0) adif£ thus 

becomes 
Tr/2 

a..„, * 2»/ aie)cosesin6de (25) 
diff/O o 
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For tilted surfaces a correction has to be applied because a 

part of the sky cannot be "seen": 

TT/2 TT/2 
J a(e)cos0sin9de - / *• a(0)cos6sined6 

a , . _ . o TT/2-ot . _ , . 
d i f f = —jz —-pf (26) 

TT/2 TT/2 . 
/ cos6sin9d6 - / - cosesinede 

•» ,i. TT 

o TT/2-a 

where 4> is given by 

cos^ = cot6*cota 

Using eq. (4), (25) and (26), we found by numerical analysis 

the following expressions: 

a,._ = a,.„ '(1+c -a-(2.467-a2)) (27) 
dirt aiff,o a 

a,,., = 0.51535+0.16668»n.(1-0.10217»n) (28) 
airr,o 

with c = 0.05667-0.01517*n»(1-0.08660»n) 
a 

and a in radians. 

Remark: If in addition to G. and D. the value of G is also known 
h h a 

(by an additional direct measurement), the accuracy of 

(24) can be increased by replacing (23) by 

D,= G -g»cos9 (29) 
o a 

Finally, it should be noted that the formula (4) represents a 

good approximation for the incident angle modifier for flat-plate 

collectors i.e. plane cover windows. The exponentn was deter­

mined by means of least-squares fits with measured values of 

n(9)/n for various collector types? the following averages 

Table i: 

Incident angle 

modifier classes 

were found: 

cover type 

single window 

double window 

n 

3.29 

2.49 
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For bent cover windows formula (4) is not valid. 

iiii2i2_The_orderin2_garameter_x 

According to lLs» definition (7) the variable x contains the 

variation of thermal losses with mean collector temperature and 

ambient temperature in form of the factor 

k(T , T ) = l+b»(T -T ) (5) 
m a m a 

It should be pointed out that this is a rather rough approxi­

mation. As we coal'l show by various investigations, a much more 

accurate expression is given by 

k(T ,T ,v ) = l+6'-^£-'f, *T2«(T -T )+c-v (30) m a' w a,U b a m a w 1 o 

where the dependence of the heat losses upon the velocity of 

wind (v ) is also ireluded, e is the effective emittance of w 
the absorber surface an.' a the Stefan-Boltzmann constant. Mean 

values of the coefficients f. and c are given in table 2. From 

(30) it follows that b in (5) is not a constant, but varies with 

the ambient temperature. In order to fulfill the IEA convention, 

we ha\e used mean values of b (b) for T = 288 K and put c = 0 

for the computations of the examples given in chapter 2. 

cover type 

single window 

single window 

double window 

double window 

absorber type 

selective 

non selective 

selective 

non t»c»'.ective 

fb 

0.853 

0.853 

0.602 

0.602 

b 

0.0010 

0.0036 

0.0010 

0.0038 

c 

0.033 

0.033 

0.017 

0.017 

Table 2: Heat loss classes 
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1.1.2.3 The_energy_ ^istribution_function_dE/dx 

For each period considered (days or months of a year), the 

function dE/dx(x) is computed from x = 0.03 to x = 3.0 in 

steps of Ax = 0.03 i.e. a table of 100 values is produced. 

If there are negative values of x, which is the case when 

T < T , 200 values are computed from E, = 0.03 to £ = 6.0, 
m a 

where £ = x-3.0. The transformation x •* £ simplifies the 

integration in (9) (cf. 1.1. .1). 

Remark: In our program the original EIR-definition of x is 

used. Therefore, all x-values are divided by 10 

compared to the x-values according to (7). However, 

this is of no influence on the further computations 

in ETA. The output of ETA as well as the graphs of 

dE/dx are corrected for IEA-notaticn. 

In computing dE/dx (x), it has to be taken into account, that 

during one day, a fixe<? x-value may appear several times. Thus 

the numerical expression for (8) has to be written 

7^ (x) = T-'S~ I .'At, (31) 
Ax Ax 4-r e,3 D 

The determination of AE/Ax(x) is done in several steps: 

- Calculation of x. and I . for each measuring point (t., T ., 
Gu n Du .) according to (7) and (24). 
n,l n,l 

- Determination of the time functions x(t) and I (t). These 
e 

functions arp defined stepwise in the following manner 

; { t ) = a • t 2 + b . » t + c i (32) 

I ( t ) , = A - t 2 + B , » t + C . (33) 
e l l i i 

The coefficients a., b., c , are determined by means of the 

three points of support 
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t±-At/2, (xi_1+xi)/2 

t. , x. 
1 1 

ti+At/2,(xi+xi+1)/2 

and the coefficients A., B., C. by 
l l l J 

V A t / 2 ' (Ie,i-l+Ie,i)/2 

fci ' Xe,i 

V A t / 2 f d e f i« e f l + 1)/2 

Definition cf the x-interval: Beginning with x = 0 (£ = 0) 

the next x-values are given by x = Ax, x = 2»Ax, and so on 

up to x = 3.0 (£ =6.0). The limins of each intervall are 

defined as x and x+Ax, so that AE/Ax is determined for 

x = x+Ax/2. 
m 

Determination of the intersections wi th the curve given by 

(32): 

x(t) = x with the solutions t. (j=l,n) 

x(t) = x+Ax with the solutions t* (j=l,n) 

If there is no intersection, then AE/Ax = 0 . 

Determination of the I .-values by means of (33) 
e» 3 

x« -i " ^(t-i J w i t h ^ «, • (t.+t*)/2 e,3 e 3,m ],m j j 

Determination of AE/Ax according to (31): 

/ I .'At. AE . 1 
Ax {xn} ~ Ax ^ l "e,j ""j 

with At. = t*-t. 
3 ' 3 3 
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1.1.3 Numerical relations used in ETA 

The program ETA computes values of the function F(x ) defined 

in (9) for several values of x = n /a,. If the minimum value 
o o 1 

x . of x, which occurs durina the period under investigation, 
m m " 
is greater than 0, the following equation holds 

x x 
" dE , / /i x, dE , .-,.. 

( 1-x->*dx- d x (34) 

o 
x '. o 
m m In the case of negative values of x . , the range of integration 

m m 
has to be extended according to 

o .„ o £+x . ,„ dE r ii m m . dE ,j. /oc. -J-- - -) •^r'dC (35) 
o min 

x •*. m m 

o ,„ o ^+x , 

/

... x . dE , r ,, m 
(1 - xT} ' s *dx " / (1 ~ r^r o J o r 

o 
with £ = x-x . and £, = x -x . . 

nun o o m m 

For this reason, dE/dCtables are produced by MURD from E, = 0 

fx - -3.0) to ^ s 6.0 (x = 3.0) in the case of negative x-values 

i.e. when T -T <0 for anv measuring point. 
m a ' 

If, for low T , some x-values are less than -3.0, a correction 
m 

has to be applied due to the tail of the dE/d£ function in this 

range. F(x ) is then given by 

^o 

F(xJ = ~ I (S-CJ'S'UJdS + / -r'^min <36> 

i=l 

with £ = x -x , £ . = x -x , x„ = -3.0 o o z min m±n z z 
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and c, = -£ • E'(o)/x^ 
1 o o 

c- = (1-E /(100+x ))-E'(o)/x^ 

2 O Z O 

c3 = (l/(100+xz)).E-(o)/xQ 
E'(5) = dE/dU£) 

The integrals in (34) , (35) and (36) are computed by means of 

Simpson's formula and the E'(x) resp. E'(£) values provided by 

MURD. 

In addition to the tables of F(x ) for different values of T 
o m 

(mean collector fluid temperature) ETA calculates averages of 

the wind velocity and the integrated global radiation power on 

a m2 of horizontal surface and collector (tilted) surface. 

1.2 User's guide 

ii2il_Ingut_of_MURD 

The control parameters of the program, the local parameters of 

the measuring station of the meteo data, the collector parameters 

and the specifications of the periods have to be read by punched 

cards. As can be seen from the listing (MURD36-46) there are seven 

PROGRAM CONTROL PARAMETERS (1st card/format: MURD 15): 

- KMAX gives the number of periods for which the MURD-

function is wanted (for our examples given in 

chapter 2: KMAX = 4) 

- KPRINT(l) decides whether the specifications of the collector 

parameters are printed (=1) or not (=0)(examples: 1) 

- KPRINT(2) has the same function for the printing of the 

dE/dx-values of a period (examples: 1) 
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- KPRINT(3) decides on the printing of the dE/dx-values of 

each day of a period (examples: 0) 

- KPRINT(4) 

- KP*INT(5) 

decides on the printing of x(t), I (t) and 

£At.(x) of each day of a period (examples: 0) 
J 3 

decides whether the dE/dx-values are written on 

permanent file (=1) or not (=0) (examples: 1) 

- IND this index has to be put = 0 if the timing of 

the meteo data is given in zonal time (clock) 

and = 1 for real local time (examples: 0). The 

exact definition of time is needed for the 

SUBROUTINE WINKEL which serves for the calculation 

of the position of the sun. 

All the control parameters are punched on the first card. The 

format is given by MURD 15. The second and the third card 

(MURD 50-51) contain the 

LOCAL PARAMETERS (2nd and 3rd card/format: MURD 16-17): 

- PHI = $ latitude of the meteo-station in degrees 

(Zurich airport: 47.45) 

- FLAM = X longitude of the meteo-station in degrees 

(Zurich airport: - 8.57) 

- PLAZ = A longitude of the time-zone in degrees 

(Zurich airport: - 15.0, in the case of 

"summer-time": - 30.0) 

- TITLE denotation of the station in alphanumeric 

symbols (Zurich airport: ZURICH AIRPORT) 

- ZANF time of the first measurement of meteo data in 

the morning in hours (Zurich airport: 6.00) 
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- ZEND 

- DELT 

time of the last measurement of meteo data in 

the evening in hours (Zurich airport: 19.00) 

time interval between two succeeding measurements 

in minutes (Zurich airport: 60.0) 

- IA first year for which meteo data are stored on the 

magnetic tape (Zurich airport: 63, instead of 

1963!) 

- IE last year for which meteo data are stored on the 

magnetic tape (Zurich airport: 72). 

On the fourth card (MURD 60) the fixed collector parameters are 

given: 

COLLECTOR PARAMETERS (4th card/format: MURD 18): 

- TK 
m 

- ALPH = a 

mean collector fluid temperature in degrees Celsius 

(for our examples: 30.0, 50.0 and 70.0) 

Remark: How to get results for fixed inlet 

temperatures (T.) see appendix I. 

collector tilt angle in degrees (horizontal: 0.0, 

vertical: 90.0, for our examples: 30.0 and 60.0) 

- GAM = y collector orientation in degrees (south facing: 

0.0, west facing: 90.0, east facing: - 90.0) 

- NKOL = n incident angle modifier according to table 1 

(examples: 2.5 and 3.3) 

- BK • b 

- CK = c 

heat loss class according to table 2 

(examples: 0.0040) 

heat loss class (wind velocity) according to 

table 2 (examples: 0.0) 
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The next cards (MURD 74) define the periods to be investigated 

(number of cards = KMAX): 

DEFINITION OF PERIOD (card 5 - card (KMAX+4)/format:MURD 15): 

- JAA 

- JAE 

- NA 

number of the first year (examples: 66) 

number of the last year (examples: 70) 

number of the first day of the period 

- NE number of the last day of the period 

Table 3 gives the numbers of the monthly periods of the year, 

in our examples the values for March (3), June (6), September (9) 

onth 

1 

2 

3 

4 

5 

6 

NA 

1 

32 

61 

92 

122 

153 

NE 

31 

60 

91 

121 

152 

182 

Month 

7 

8 

9 

10 

11 

12 

NA 

183 

214 

245 

275 

306 

336 

NE 

213 

244 

274 

305 

335 

366 

Table 3: Monthly Periods 

and December (12) were used. 

In the beginning of the main program, the local meteo data arc 

read from magnetic tape (MURD 123-124). Of course, the form of 

the READ order has to be changed, if the storage of the meteo 

data is arranged otherwise. In our case, only integers are 

used: 

JAI 

NI 

number of the year (two-figure) 

number of the day of the year (1 - 366) 

- ITE(J) ambient temperatures in degrees Celsius 
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- IWI(J) wind velocities in knots (1 knot = 0.5144 m/sec), 

the conversion from knots in m/sec is done by 

the program) 

- IGE(J) global radiation power on a horizontal plane in 

kcal/h*m2 (1 kcal/h*m2 = 1.163 W/m2, this conversion 

is also done by the program) 

- IDI(J) diffuse radiation power on a horizontal plane 

in kcal/h*m2 

- IGP(J) global radiation power on the collector surface 

(a, y) in kcal/h»m2; these values are not known 

for the meteo station at Zurich airport, they 

are computed in the already described manner 

(1.1.2.1: IGP = Ga in (11) ). 

Remarks: 

- The data file of each year contains 366 days. If the year is 

no leap-year, then the data of the 60th day are replaced by the 

following values: 

ITE(J) = IWI(J) = 99 (37) 

IGE(J) = IDI(J) = 9999 

and these values are leapt over. 

- Only complete data sets should be used i.e. the data of each 

day of a period should be available completely from sunrise 

to sunset, if during one year, the data of some days are 

missing, these data should be stored according to (37), they 

are then replaced by averages of the corresponding values ot 

the preceding days. 

If, for test purposes, only the data of a few days are used 

to compute dE/dx(x) and F(x ) and no other data are available, 

the statement MURD 115 has to be reolaced by "DO 20 N = NA,NE" 
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It is then IA = IE = JAA = JAE and for a single day in addition 

NA = NE. 

ii?;2_0utgut_of_MURD 

The output of MURD consists of tables for the MURD-functions of 

the different periods, the parameters used for the computations 

are also given. The values in the tables are given in Wh per 

x-interval for the whole period (1 Wh = 3.6»103 Joule, 

106 Wh = 3.6 GJ). KP indicates the total number of positive 

x-values, KN \he number of negative x-values and KZ the number 

of cases for which x = 0. All other symbols are explained in 

1.2.1. 

iiii3_Input_of_ETA 

Tables of P(x ) for UD to three different meteo stations may o 

be produced by ETA. The denotation (names) of the stations are 

read by means of alphanumeric symbols on a punched card (ETA 27). 

The needed input parameters are taken from the second data card 

(ETA 28): 

INPUT PARAMETERS (2nd card/format: ETA 17): 

- NTL number of x -values = number of columns per 
o 

table 

- TLO initial (lowest) value of x 
o 

- DTL steps of x (DTL = Ax ) 

- MO numbex of periods = number of tables per station 

- LM total number of lines to be printed for each period = 
number of T -values times number of stations m 
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- LMA number of lines to be printed for each period 

and the first station = number of T -values 
m 

for the first station 

- LMB LMA + number of T -values for the second station. 
m 

In our examples given in chapter 2, the following values were 

used: NTL = 10, TLO = 0.75, DTL =0.25 (the maximum value of 

x thus being 3.00), MO = 4 (March, June, September, December), 

LM = LMA = LMB = 3 (only one station, three T -values: 30, 50, 
n 

70° C). 

li2i4_Outgut_of_ETA 

The heading of the printed output consists of the name of the 

meteo station, the date of the years, the meteo data of which 

were used, the values of the parameters a, y# n, ., b , c. as 

well as the denotation for the type of collector concerned. 

The columns of the tables are headed by the x -values which 
o 

are the same for each period. 

The first line of each table shows 

- the numbsr of the month (period) 

- the monthly (periodic) mean value of 
t o 

(38) 
n n. i 

O 

/ G.dt = Afl G. , 
6 h i h'i 

the integrated global radiation power on a m2 of horizontal 

surface in kWh 

- the monthly (periodic) mean value of 

/ Ga,Ydt " "'J G„,y,i »»> 

the integrated global radiation power on a n2 of collector 

surface in kWh (tilt angle a, orientation y) 
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- the monthly (periodic) mean value of the velocity of wind in 

m/sec. 

The first column of each table gives the values of T , the 
m 

mean collector fluid temperature. 

In the following columns relative values of F (x ), the so-

called "mean collector gains" are given in percent (%). The 

mean collector gain is defined as follows: 
fco 

nh = F(xo> / / Ghd t { 4 0 ) 

so that the gross heat output of a collector is determined 

by 
fco 

q = V V / Gh dt (41) 

o 

Note that the gross heat output q is completely determined 

by eight collector parameters 

nQ, alf n-, b, c, a, y, 1^. 

ii2i§_£2D£SD£E§£iD2£-S3§£l£S§£-£E3£!£iGSL£2liS££2£2 

The programmes MURD and ETA also allow the computation of the 

MURD-functions and the mean collector gains of concentrating, 

east-west tracking collectors without cover window. For this 

purpose, no modifications of the programmes are necessary. Only 

the input value of the incident angle modifier has to be 

changed: Instead of the values quoted in table 1, the value 

of ^ j i f f (< ID has to be used. As we were able to prove, 

a good approximation for this type of collector is given by 

adiff = 1 / c o (42) 

co being the concentration factor. 
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Unfortunately, no good values for b and c and even for a 

(heat loss coefficients) are known up to the present. Here, 

the influence of the wind velocity on the heat losses if 

greater than that with flat-plate covered collectors. 

In addition, the range of x is extended to x =4.0 
o o,max 

(£ = 8.0) because of the higher stagnation temperatures 

which can be obtained by concentrating collectors. 

1.3 Program listings 

On the following pages, the listings of the programmes MURD 

and ETA are represented. 
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C KUKt 2 
C Nka Vi.fcW.J1 OF I r t t F l l - P H U H l l F I X TMfc 0< T t t f M n A I l b M OF I H I R| Ah RlikD 3 
C U i A S l t MAUI AT I C I Of * ' I T T l i A C U U I U t / U I I I I Fill . C l W t N F t t T t U - D A T A FtUK'l 4 
C A N D C . i t L i C T ^ K »»<»>•£ T > « 1 , . » I I T t * r » J . » . n l O C i h RU»U % 
C »!*•»!> » 

t-fc»l I tKul R O D 7 
J M i N S I Q F . Z ? I T » t l ) # S I » l j l , « A l i » , I I l l £ 0 C I » I & l l 2 o C I . I C i « 2 C i . l PbPD f 
o in .Ns iun H H 2 0 D I . IP1 c < o t i » S i ; n < ! t o i n F » i M C 5 < . u i i c » 3 > nu»o «# 
u i . - j r , i i e « ? o c i » i r , » i ? . t i , i u i u u J t » I . U 2 C 0 I , i t P ( 2 t c i » o t M 2 6 t ) » ROFD : t 

; l t i M > C 3 i » s c 2 c i i . < n . : i . i . > » S T W 3 0 > . P H i » » i A 2 , b i . » l N C » i r T » rin-i, 11 
i t»» ALP'WUf N«ni ,OA»»»«tC* M » t H 

uATA 0» . rAXF . *A tC /C .CO» , l&0» lJW hut.0 13 
C ""UPD 1 * 

'-00 IOHIK.1 I 71*1 nilrC i i . 
V o l lUMrAT t F » . * , F l ? . * , F » l . ; , < , > # } A e l RbFl/ I t 
•y>l F Q K P A T U a . t . F i ; . * . > o . i , ; i 6 i R U K D 1 7 
'JIO FOkflAT I F 5 . l » 2 F r t . 2 > 3 f H . * | nuPC i f 
'.JO F Q » > A I | 1 2 t ( l ] U I P j r " U » D » l l > , J » « ) RUPD I V 
9 J 1 F J * R A T « / i ; . X » » K P • M l S i H . X I • • » I 5 » 1 5 X » * K ' t • * . I 5 . 1 5 X . * I Z £ i r O > * . W N t ) 2 0 

i F t . j / / ) nuc [J 2 i 
H .J1 F J « R A l l / / / / / / » l X » » * r A * i l » , I * , » • • i U O I ( * C * m * l I ) i * - • » ! » » «X»FHiFO 2 2 

. • T * . « , f f . l , » CCELl U H I • * » F 6 . 1 # * [ D e b ] CARRA • • . F e . . l , » IPUPD 2 3 

< . " 0 I : „ l » / / > U I » » N K O l • • » F 6 . 2 » ( . a . * t > * • « , ( 7 . « , , » ( l / R U l Cp - t f t . i t "IbPD 2 * 
! • C S t C / * J » > POND 25 

I v l v i »0».1AT I / / , 1 X , * P ? A > » U 5 » 8 l t H A 0 1 A T I 0 N O c » S I T V F C * THE « H ( H i PEPIf)D»RUPO 2e 
l , l u « , » X I F u l l * , F * . 3 » > U • > F o . ) > 1 0 « » * l ( I • X - X 2 t P U l * / l FlURO 2 7 

l f c j 3 FLKPAT I I O - H . ' - I PU«0 2 0 
I v J * FJKFIAT ( / / » l » » » ISAf l l - ' PA31ATIUN S t f o I T T UP TO i M t *,\-Jt*. DAT»# PLvU 2V 

U t X , * I I F« f l1 » » * * . ? » • To • . • * . J » l t X . M X I • X - *lt*a f / l nukC 3C 
H.JJ F I K R A T i / i H . n r u T i n t I H H S I » . I 6 F 7 . L I P U H O ) I 

; - ) t t l K h A I I U , » ' I C H / P 2 ) • . 1 4 F 7 . I I nUFO 32 
1 J X 7 F ^ K T A I ( ; » , • » ( K i l R 2 / r f l • . l o t T . J l RUH> 33 
l i j h FurRAT t l « » » H » S i H K i J • » 7 « , 1 * F 7 . 2 ) RUPD i * 

C RbuD 3 1 
C C f J & K A l CJ1TP.11 P A ' A P t U R S l»UP0 3 t 
C RbfcO 3 7 

« r » U 5 & 0 . H ' • • • " P K I N T . I S D TOKO 3« 
c rupo 3v 
: KRAI l U R H l i i OF PHOGfAR I T F » A T I C f t S / P t k l C O S F11PD %l 
C ftPKlMfll * 0 P * I S T TF-lC IF IC AT I jriS QF p t P l C D AND C U l l E C T u f PA* AR.f*b»D * l 
C P . f« iNTC21 * 0 P P I ' . T O t / b > - V A l b c > OF QNF P t > ICO Fl'PO ^,^ 
C P P i i l M l l l • 0 P K l ' . I O t / J « - V A l U : > OF £ACH DAT FUfcO <>3 
c »ri«iftm> « o •»IMT o t . u i . m i i . i i n > » M » S v IACH D»T «utit * * 
C r P « i n l ! 5 > » a «R (T> D I / L » - V A L I J : J UF ONE PfcPICU ON P s » » F . I T A P H I ^lufl) * » 
C 11)0 « 9 Me MJBPLUTlN i » I ^ t l PUPU * t 
C PUI-U * 7 
C IUCAL P A P A I t T f * ^ "UKti »B 
C rt<PD * * 

PcAU > 0 1 . r H . F l A ^ , F l A r , T I T L ^ PUPC »C 
i-LAJ > 0 2 . / A N f . Z f N n . 3 c l T . l A , | c PJPD '-1 
D l • F l » * - F I A 7 »UP1) J2 
O L I T • Di I T / • > ; > . PbFi) 13 
. . INT • l» 1 » ( I M < 0 - 2 * t F ) / 0 L l T » u . 5 » » l PUPD 5 * 
IRT • " I M » 1 t INT • I f l U I *UtlO >> 
I F U N T . b T . ^ O O l S T 0 P ' I » T . C T . 2 J J P "I 'PC i t 

C »"b»C 5 7 
C C w l l l t C T O r PAPAFtjTEPS F.IPD >ir 

FS .AU 5 l i . T K , A l P l , G A " , N K 0 l . 4 K . C » l P'JFO ' C 

http://Vi.fcW.J1
http://tft.it
http://�
http://14F7.II
http://ZfNn.3clT.lA
http://fs.AU
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T* • T* • j . 0 1 
«L»A • AIPH I GA«A • (.AN 
eC • A T A ' t l . l / 4 4 . 
U.fH • AIPHMO l GA« • (,A**BU 
K.INt <JJL. U U ? 

C 
C l U J f CF PtHtJDS 
c 

DO HVt K • 1»<*A« 
• 1 * 0 

c 
c LLFIHITICN OF •rmno 
c 

»>t AD 100 .JA* . JA^.MA.Hf. 
1 H J A A . L I . I O STOK.UA TQC SHALL* 
I F I J A L . G T . I F . 'TOP'JAt TUC l * " 6 t » 
i» (KF-HI fcT I l ) . -3 .31 CO TO V i j l 
PMlM 1001»JA*.;Ar»:iA»*t»TK»»LI'A,GAnA>N«0l»BK»CK 

<*031 CQrfllMK 
C 
C i r t l U A L I Z A T n * 
C 

IF IMKOL.LT.1 .1 1»» • «»»C 
I F t ^ K O L . G T . l . l 1A» • XAIF 
>Irt • iu»»o» 
IMILl • C O 

130 »LtfIN0 2 
r l • «L»1 
U U l . L r f . i l GOTH *IG 
lHH*,.Q.J.k\C.<<l.l 3 . C I GCTO B l j 
PAI < t '«fA* 
» I * • 2 . » » I 1 
A&IJLL - - » I « / 2 . 

« 1 3 i>.F • Hi • *H • 3 
i n i N • x i n 
I'tH • 0 . 
> i m • s i i INTi > c.o 
l'(. 3i» J • l» INT 

30 I f c l T U I • 7»'iF • r>ELT»(J-*> 
CO 14 I • 1.1A* 

ii D M I L I • 3 . 3 
U S • S1G • 0 . 0 
l » U • 0 
OP 16 i • Zi | " T 
I T ; U ) • .. 
I . t l J ) • 0 
IF - .UI > 0 
1 0 1 1 3 ) • 9 

it l i i i l J I • w 
r • i> 

c 
l»All» »«0G*A1 

OU 10 JA • IA>JA<= 
:>C 2J !» • lrJ">t 

c 
v IMf lT JF LOCAL "<(TEO DATA I T A » i Z , 
C 
•. I IF Trie GLOBAL MDIATlOr. I t Trlt COll lCTO* » l *Nf IS KNOKN 
C 0111 CAVCS 124 AID \:t »t'0 * t » l * C E CAdC 12<r BT 

RUKD 
huou 
nuxo 
r*UKO 
i tuao 
WUMO 
rt'MO 
r»U»D 
NUft l 
r u f j 

n u f •) 
•Mint 
PUHC 
PUFO 
nu» l ; 
r i m D 
HUHO 
* U * 0 
MICO 
p»l>0 
HUKO 
RUrtO 
m i * o 
RlifrO 
* U » 0 
fUFO 
riuxD 
runt ) 
f>u»s 
KUKD 
POKO 
F>U»0 
ru t to 
mono 
flliKD 
ftUfcl) 
*U»t> 
nu«0 
PU»0 
•*u«o 
F-UPO 
runt ) 
«U»D 
WHO 
MUnl> 
FlOft 
n»»D 
"UKD 
"UHi 
rtjf>0 
"U*l> 
HUfcO 
MUKD 
JUKI) 
rILMD 
nuoo 
Kut'O 
KUKD 
PUKO 
* U « 0 

6 1 
t ? 
63 
f t 

64 
tt 
t ? 
68 
6 9 

rc 
11 
72 
7 1 
76 
7* 
76 
TT 
7B 

"•* 
on 

6 1 
42 
• 3 
6 * 
84 
r j» 

17 
16 
e<r 
9( i 
9 1 
92 
93 
9 * 
94 

*e 
* 7 
46 
9V 

1 0 0 
101 
102 
103 
1C6 
104 
1G( 
1 0 7 
I O R 

1CV 
1 1 0 
1 1 1 
112 
113 
1 1 6 
114 
l i t 
1 1 ? 
I I S 
1 1 * 
12C 
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C l » l I 0 1 U » » J « 2 t l H T I , I I G M J I » J « 2 , t r T ' l ruHO 121 
C "URE 122 

ktAf 12) j t l H h l l U l l > » J > 2 » l R I ) » I I t f : i J ) » j > 2 » I R T ) » U G k ( j ) » J « 2 » I » T ) » U M O 12J 
1,1 I L ) I U I , J « : , IHT) *>LfD 1 2 * 

Oo i . ' J ^ t i T Mi*D 125 
1 / I CPU I • -9'J'<9 rvm lit 

I f IJA.LT.J4AI SI TO 23 HO*0 127 
i f ( f . . L i . N * . n » . ' » . G T . ' u i iic TC it rw.. lit 

C hU«D 129 
c DATA CONTROL runo n t 
C fUt-D 131 

IGeS • IDtS * 0 l>U»C 132 
DU il i • itl"T r\j*0 133 
iocs • K.-S»ir.eui nuxo 13* 

2» ibis • mi5»irifj» P U » O 135 
i f ( IGES.LT .949> .AND. ID1S.L I .9999) GC TO 27 rufcD U f 
IF I N I . N i . 4 7 1 GO TO 24 flUVD 137 
IF U j A l . * N 3 . 3 ) . > t E . 3 l I,J TJ 20 H'frP 13* 

2-* oJ lb i • 2»I«T HU»iO 139 
H E I J) • l U U t KUDO 1*C 
i t I I J I • I N l i J l l-UHD 1*1 
l i , » O I • i » l ( J I *LRD 1*2 
IGuCJI • I G K J ) HUDO I«i3 

.'6 I D l ( J ) • I O I I J I KUND 1 * * 
27 r • S«l KU»0 1*1 

OJ 20 J • M I T »U*D 1*6 
i r i t j ) • « i T i ( j > » ( " - n » i T t ( j ) i / n mmo 1*7 
l . l l j ) • < N l l J > « t " - l ) * l « l < J I I / n nUKD 1*9 
I P I I J ) • ( i P : i J i * i < t - i i » i G t > ( j n / > « nuKC 1*9 
1GKJI • l K . H J ) M 1 - l ) « I o i U I I / > * rufcD 150 

24 U I ( J ) • I I 0 1 ( J I * l " - l t » i 0 1 U M / n PUKO l t l 
C PU80 152 

CALL I I S IT ftUftD 153 
C KldD 15* 

DO *00 J«2»MT MjkO 155 
l f i iu i .GT, ' ) , ) KP»«P»I ru»r lie 
If l l t j l . l T .O . I K«I«KI»»1 Pl'dl) 1 )7 
1 M M J I .LSi.n. I KZ • »:»1 PU*0 15« 
l H M . l t . I T . » 1 l N I I 1 I N • X ( J I rbtb 159 

• Oil CONTINUE PUKO I t O 
I F I K l . c a . i l GOT] 2C RUxO 161 
51 • «13>-«I2» fU*D 162 
I M i l . u T . J . I » ( 1 | • - l u . w HLNO 163 
I M i l . L i . C . t K i l l • 10 .J »1>P[> 1 6 * 
S16 • HUNT) - * I I » T - 1 » WO 16* 
1 M S 1 6 . L T . C . I » ( H T ) • - I C O "U»0 166 
I F C 1 6 . G L . 0 . ) H I N T ) • 10 .0 Fl'fcD 167 

C fUKD 168 
C CALCULATION OF DE'Q* («) • SU1IS1IT)»0T/D»I RUKD 169 
c rune i7r 

D3 *0 J • ?»I1T MlI'D 171 
SIG • S i t • D £ L T * F l O A T I I G t ( J H * l . l 6 3 «U*D 172 
Jrf l i - U I S M t f K J ) *U*>D 173 
S l i • SIS • Df. lT*SYIJ.| M)t>0 1 7 * 
j l l l l j l • J.D MUNO 175 
J t l f A I l l • Z ' l T I J - H • t .5»0fclT M > 0 17t 
2 i I 1 * « 2 ) • 2c I T l j I fD*C 177 
J t i r » U ) • 2f I Tl J»l» - C . t»0£ lT ri\)»D 17H 
« A ( l ) • I » ( J - I ) » » ( J I I / 2 . - «NUll fUPD 179 
»A(.'I • r ( j i - xtiiLi fUfti leo 
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1*131 • l « I J » l l » ° ; ( J ) ) / 2 . - I N U I I *UMO 1<11 
S I » ( 1 I • ( S I f J - l l » S : i J I > / ! . PufcO 102 
j l A i 2 » • S I I J I PUPU 143 
S1AIJI • I S I CJ*t»»SI (J 1 1 / 2 . rufcO I t * 
i P i • J.< PUNH 1H> 
U • A * i l J t A ( l > - « A ( 2 ) l »u«0 l i t 
V • » l J S ( » A l » > - « » n ) l HUttl) INT 
IF H O . 2 * U I . G T . * . ( ) » . 1 0 . 2 * k ) . G T . U I EPS • 0 .3 PUHD lot 
(.ALL PAKAttt < ? F I T A , I A , A t , b I , C 1 . 0 j n , 0 U n . F P S I HUNT lo9 
i PS • 0.? ftUKO 19C 
U • A K S i ; i A U I - S l A ! 2 l l »OfO 1*1 
v • A - » s i s u r » > - s i * n n HUHO 192 
i f f t 3 . 2 * J | . r , T . V . - l > . t 0 . 2 * V ) . G T . U ) EPS • 0 .3 HUPO 193 
CALL PAKAitE I f E I T » , S I * . » i , B i , C 2 . J U n . 0 J « , t ^ S I «IUFO 19* 

c n o o i 9 i 
«. IF U T I • CONTTANT / Al • 31 • 0 PU*0 1V6 
c nufco 197 

IF ( A l . N t . O . O . O P . B l . N ' . O . U GO TO »0 NUPO 198 
L • II- IK IC I /OJC 1 » 1 HUPD 194 
IF ( L . & T . n » « . 0 « . l . l T . l l GL TO <.U *U»D 230 
OTL • OtLT 1UKD 201 
i l l • A2*2CITOI *2E IT IJ I«n>«2EIT< ,M»C2 KURD 202 
D t X I l ) • • ) r .«»LI*SI l»DTl / l>» PU*D 2C3 
„ D M J I • - . O T I J I . I T l PUBO 2w* 
Ob TO *J PURO 209 

t fUSO 20 6 
C IF KIT) IS * l INfAP FUNCTION / Al • 0 flUKO 207 
C NUfrO 2Cfc 

>0 IF I A 1 . 1 L . D . ) G3 TO >» HUBO *09 
00 6» L • W A X Pt'F-0 " 0 
» i • u « » f L n * T ( i - n nu*o 211 
iU • 2 U f l J I - 0 . » » 0 F l T « l»0 212 
i l l • 2 L t T C J I » 0 . » » 0 f I T WWO 213 
it in • m-eii/"i rufo 21* 
IF J i t l T l . l E . 2 U . H P . 7 F I T 1 . G T . 2 0 ) GO TO »5 Pb*0 2 i » 
J U • I U - C 1 I / M PUPO 21F 
1IL • A2»SIt*SI l»f t2*SIL»C2 AUPD 21T 
i i i • A d i i m / m pufto 2i« 
u l l l l l • Oc»( l > *S IL«DU/0» rUKD 219 
l U T I J ) • i D T U I O T l P U * D 22C 

6> CONTINUE PUHtf 221 
GO TU 00 "UhO 222 

c rune 223 
C IF KIT) I f A PARA'DUC FUNCTION I ( 1 M r I I M PUKO ZC 
t PUKD 2 2 * 

•3'j VO bl> L • l .«A» fUfO 226 
»l • O l » f l C A T I l - l l PU*D 227 
*UNi • B 1 » « 1 - * . » » 1 M C I - « L ) PUPO 22P 
It • B1»B1-« . .»A1«CC]-U-0 I ) «UPl> 229 
71) • 2 E I T W I - 0 . * » f > f l T HUKO 23C 
<t • J i l T t J I » 0 . ! » P E l l HUKO 231 
i f IhUK/ .LT.O.O.ANO.H.LT.b.GI GO TO 60 PUFl> 232 

C nuhD 233 
C I f KIT) SHOWS A WAIIPUB UF A FtlMFlUB WITHIN THE IKTERVAL D» (1UPD Z3* 
C MJPD 236 

If (MUH2.GE.0.0.TP.W.IT.O.OI GO TO ICO HUMO 236 
W • SUHT (•>> 1UH0 237 
i l l T l » l - « l » W » / l ? . « * l » ftUHO 218 
2 i H 2 • i - * l - » ) / « 2 . » A l ) HUVO 139 
;'.') TO lOi H ' f r >»G 
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100 IF (MU*Z.GF.O.0.AND.tf.C.t . 1 . 3 1 CO TO 10!) HUFD ^•^l 
mUftZ • SOKTIriUFZI KUKD 2*2 
Z t l T i • l -a i»Wtl»»2»/ ( i .»»l> «1UF0 i * 3 
Z : I T 2 • i - n i - w i M t i / ( 7 . t « i i n Unn 2 * * 

101 4 l • Z t l T I mi*0 2 * i 
Z.? • Z£1T2 »UKO 2*4 
IF 1 Z C L I T 1 . L T . Z E I T 2 I GO TO 102 *UND 2*7 
Z l • ZklTJ ru«l) ** ! • 
ZZ • ZEITt RUMO Z*«. 

U Z IF I I Z l . I T . 7 ' J . D * . 7 1 . G T . Z Q I . A * 0 . I Z 2 . L l . Z U . O M . 2 2 . C T . Z O I I GC TC tO f'JfcO Z'.C 
I f I Z l . G i .Z 'J.AriD.ZZ.Li .ZGI 00 Tu 133 mjkD 251 
IF ( 7 1 . G L . Z U I GO TO 10-. ,<UkQ Z-.2 
u U • Z2-ZU PUfO 2 i 3 
i l l • M»Z2»Z?«*>»ZZ*CZ r\i\>Z 2 ; * 
[ • • " I I I • k>cX(LI»Sil*OTL/Dk MJFD 254 
S I T U ) • SDTU)»[)T1 PUfcO 2 1 * 
GC TO 60 l>l»FO I'll 

ll>* LTl • ZJ-Z1 fUfO 2 ih 
i l l • *2»Z1»Z1*92»Z1»C2 mjtO 2>9 
D c I I L I « O t K U » S I L » D T l / O X FHIkO 260 
i D T U l • SDTIJ IOTL MUhD 261 
(.J TO 6J KUMD 262 

103 i>Tl • Z?-Z1 rut-D 163 
z« • {iz*l\\n. nuoo 26* 
i l l • *2»ZH»7P»*2»Z*»C2 *U»D 2 t> 
G t X U I • t>cl f l>»SU*DTL/OX HU»0 266 
i u f l J I • SOTtJI»DTL rUkO 267 
GU TO 63 HUMP 26* 

C HUt.0 26V 
C IF XlT) INTfPSECTS THE lsTEKVAL OX *U*D 270 
C rtUKD 271 

10b WOKZ > SCfTHUPZl m>»l> 272 
Z i l l l • < -41»WU4Z) / l? . *» i> nUHO 273 
ZEIT2 • <- fU-HI '< tZ>/»2.»* ; i 1UhO 2 7 * 
i l • Z c I T I WHO IT. 
U • Z l l T ^ lUdO 276 
IF ( Z L I T I . L T . Z E I T Z I GU TO U 6 rlUKU 277 
Z l • Z E I T 2 nUHD 2 7 4 
11 • Z E I T 1 BUKO 2 7 9 

106 • • $W*TL) PUftO 240 
Z L I I V ! • l - B l » K I / t 2 . » * l l HUkD 2t)l 
ZtMWZ • ( - B l - i O / f 2 . » * l l "UHO 2«2 
ZV1 • Z E I T V l HUOD 2 8 3 
Z¥2 • ZE1TV2 *U*D 2d* 
IF i Z t l T V l . L T . Z E I T V Z I Gt TJ 7 0 HUKf) 2 d 5 
Zl / . • ZtlTV? "UNO 2H6 
2 *i.* • Z- ITV1 HUKO 2«7 

7* i» l ( Z l . L I . Z ' J . 9 « , Z l . G T . Z 0 > . * > » O . ( Z V l . i r . Z b . O F . Z V l . G T . 2 O ) t GO TO *C PUCD inn 
OTL • n s < m - n > m.-«o z«9 
IF I Z I . b T . Z 1 l OfL • 70-ZVl 'UKD 290 
IF (ZV1.GT.71I OTL • ZJ-Z1 "UfcO 2«1 
IF < Z l . L T . f J ) OTL • Z V W b *UKO 292 
IF izvi.iT.zm on • z w u m»o 2*3 
S1L • * . ' » Z l » n M > » 7 1 * C 2 <W»D 2V* 
D - X l l l • ur~XUI*SIL»l>U/DX miKO Z9> 
J O M J I • ;aT«ji»oTL i«u»o z<it 

at' IF ( 1 ^ 2 . I T . Z J , 0 » . Z Z . G I . Z J ) . i ' t D . I Z V 2 . L T . Z U . O F . Z V 2 . G T . Z 0 M GO TC 60 rUrfO 297 
L>Tl • »B$I7V2-7»I fU*D 298 
It I Z 2 . G T . Z H OTL • ZO-ZVi M»0 299 
IF <ZV2.GT.73> OTL • ZU-Z2 "U»P JOC 

http://1ZclIT1.LT
http://71.Gl.ZUI
http://IZI.bT.Z1l
http://Zl.LT.fJ
http://ZV2.GT.73
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IF I Z 2 . l T . 7 U I OTL • ZV2-ZI' RU»0 101 
IF I Z V 2 . l l . 7 J I 9TL • IZ-IU PU»D 102 
SU - »2»Z2»72M2»72»C2 PU»D 303 
L d l l • OEXfL >»S I l»0T l /0> PU»D 304 
i o n j ) • iOTut»oti nt'KO io> 

60 CONTINUE rU»Cl lib 
i f I S Q T I J l . ' < r . 0 . ] I C 3 Tti 40 f l » 0 307 
»l • » l * / t . I T I J I « * 2 * B l * 2 t I l l J I * C l POFO 109 
i • l F U K i / o n » i rufio lev 
IF U . G T . H A X . l K . L . t T . l l CO TO 4g PUFO 310 
i O T I J I • DfclT PLmO 311 
P t l l L I • U t M l l • S I C J M B U T / D I CUHO 312 

4J CUHTISOt PlPO 313 
C PUkb 314 
c cui'ur SftCiricATins ptu*o n » 
C IHJlO 316 

IF mP* INTM>.EO.O> GO f'J 9J03 "UKO 31? 
P H I M U ' i 4 » N . 0 » . X t 1 PU»3 318 
»«lt.T U O J F 10. « I L ) » L ' 1 » " » » ) rUKO )14 

9033 CONTINU: PU»D 320 
IF l*»i>I I>Tf4) .E9.0> CO TO 9004 PLUO 321 
M I N T l0b4»N»DX,](I" rVKO 322 
PUNT U 0 J H 3 E » ( l l » l » l » « A X | rO«[, 323 
PAINT l )C5»7EIT HVO 324 
Pttlhl l ' j l l i U rU*D 32% 
MINT IUGT>< ruito 32e 
M i n i 1 3 j a » l $ 0 T U I > j * 2 > i n i l RUKO 327 

94J4 CONTINUE PU»D 32? 
20 CONTINUE rUKD 329 
id CONTINUE PURD »30 

I F I i > L . t a . l > GOTO 300 PUPD «31 
C PU»P 332 

IF (KPPlr«T<2>.E9.0) CO TO 9002 PUHO 333 
P K I N T 90!»4P*KZ*KI<I»«*«UU PURO 334 
PMNT l J 3 i » 0 * » i M nuno 334 
PRINT 10Ci> I D E » ( l ) # l « l # H / H ) riUKO 336 

VG02 COXIINUt PUKO 337 
IF I K P K I M I M . F . 0 . 3 1 CO TO ?J0S PURD 338 

C PUKC 339 
C 0 * 1 * UN pL*P»Nt«tT ' H E I T A P t l l PUKO 340 
c nufto 34i 

kXlTc I I I J * » . J»E»N»,»»i f I « , * I P * , J»H»,P**Cl»BH#CR»H»I»0«iIHUl.L»XHIH»PUKO 342 
l M h I f S l S » i I G > l t f ! < » ( O E t l l >»l»J»fl»«> Hl-PU 34 ) 

•*00» CONTINUE "UPD 344 
»•»•* CONllNUt PU»0 34J 

STJP PUPO 146 
r.NO "UKU 347 

http://IZ2.lT.7UI
http://IZV2.ll.7JI
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s t i i e o u U N t • A » A S E < i u r » A , i > , c * i L » r t . » c » s i 

J t T t n K I H A T I . ) N Of THE l K l c « i > b L A T l U M FUNCTIONS f l i « 1 ( 1 1 ANO S 
M i l • A » T » » 2 • «»T « C 

u i m t i i n s > i ) ) > r i ) i 
M • X I I t t l • T i l l 
<Z • « ( 2 I 1 T? * T ( 2 I 
>1 • ( 1 ) 1 » T l • T ( 2 I 
1 • ( » J - » ? l » ( » i - « U M » 2 - « l l 
I K A B S U I - ' P S I 5 i . i l . l t 
C Q N U h U t 
» • l l » 2 - « l l » ( T S - T ? l - l » i - » 2 l » ( T 2 - T I I I / l 
d • i r j - M > / ( t ) - t i ) - * * ( x i > * 3 i 
C • T ^ - * i » | A » * 2 M I 
RETllR* 
A • 0 . C 
b • I T 3 - Y l l / m - * l l 
c • T i - a » » j 
H £ T U R » -

END 

PARA 
PARA 

I I T I PARA 
PAfcA 
CAR. 
PAPA 
PAPA 
PARA 
PAN* 
PAKA 
PARA 
PAHA 
PAN A 
PAHA 
PANA 
PARA 
PARA 
PARA 
?ARA 
PARA 
PARA 

1 
i 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 

http://5i.il.lt
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SUBROUTIM VISIT 

CALCULATION OF THE ORDtRIM. PAMAItTtR k i l l * 
THi INSOLATION ON COLLtCILR SURFACE STIT l AND 
TMt INCICicNT RADIATION .S TMl ABSOMdtM SI f TI 

NK01.61.1 I EIRONENT OF lkCIOtNT ANGIE ROOK I E * F0» FLAT-FLAII 
COLLECTORS oI1H OKI J» TWO CtVkf bINOCMS 

M I O l . l T . 1 I DIFFUSE RADIATION EFFICIENCY OF CONCENTRATING. 
EAST-NEST f»ACM*>G CJLLkCIORS WllHuUT COVER •INDOM 
( NKOl > ADIF I 

REAL NKOL 
co.inoN 

1 

II 
I T t t Z O O ) » I G t t 2 G G * > I D I U L 3 ) » I R I % 2 0 0 1 . I G P I 2 C C I » 0 E X ( 2 6 8 1 * 
I t . IT t200>»M2C0l»SI (2b0l»SVI2O0t»FI»FlAZ»DL»lND»inT» 
TKrAL»H>Ni»NROL.GAH,»R«Crt 

IF INKOL.LT . i l GOTO 5 
APIFO • NKfU 1 COW • (i.It » GUtO t 

i ADUO • C .» l *39»0 .16 *68*NRJ l * l l . - 0 . 10217»NKCL> 
CON • , < . L - 5 b 6 r 2 - 0 . 0 1 M 6 r * N M L M l . - G . 0 t 6 6 0 * N K G l ) 

6 ADIF • ADitO*l l .»CON*ALPriM2.A6T-ALRH*»2l l 
DO iO J • 2«I«T 
CALL b l N R t l I IEITIJ ) » M » I M / f I, OL»F I A J , M, A| 
C • SlNIH>*COStALrHI»COS<»l*SIftlALFH)*COSfA-GARI 
It- I H . L I . J . 0 5 . D R . C . L T . 0 . I C • 0 . 
U • SIMALRH»»5IN(M)-CCS<Ai.l>Hl»OSIM>»C0St A-GAH> 
I F I A 8 S I D I . 6 T . 1 . ) 0 * 1 . 0 
0 • SGRTIl.-D»OI 
lF tH .LT .C .OS .OR.O . lT .O . ) D-0.0 
IF I I G L C 4 I . E 0 . C I GO TO 3 0 
I. • F L J A M I O I I J M / F L O A T I l G t O I ) 
DIA • U U T U G E U M M l . - U ' U m i N M ) 
I M I G P U 1 .1T.0) GJTO 15 
DIF « l&PIJ I - Ol»*r. I GO TO 16 

15 V • U . - C u n i A L F H M / 2 . 
DIF • FLUATIIDI I j ) > * U * U . - U * V ) 

16 i Y C l l • «DI»»C • D I F I » 1 . 1 6 i 
»MI • ACOSICI 
I F l N K J l . G T . l . ) Olft • OIAACAAPHllPHliNKOlI 
I f I S R U L . l T . l . l OIR • OIR»li 
I F I C . t & . O . I 0 1 * • 0 . 0 
DIF • DIFAA3IF 
S I I J I • IUIR • O I F I M . 1 6 3 
I M i l t J I ) JO. JO, 20 

20 0.1 • T K - F L C A l l l H I J I I 
V* • J . i l * * * * F l 3 A M I t f I ( J M 

U ) • O i I « ( \ . »RK*nET*CK«V«» /S I (4 l 
i M A H i l ( I J M . G T . 1 0 . l GliTJ 30 
CO 10 U 

30 VJ<Z • T R - F l O A T I I T E U M 
IF I V O R * . t Q . 9 . I V0R2 • 1 . 
V3R2 • VLRZ/AHSIVI1R7I 
» |J ) • lC.J*VOtZ 
M IJ 1 • C O 
1 M 1 G H J I . E 3 . 0 I S Y l J I * 0 . 0 

13 CONTINUE 
KcfOkN 
END 

I 1 S I 
M S I 
M S I 
«IS1 
R1SI 
X IS I 
X ISI 
R ISI 
X1SI 
RISI 
I I S I 
M S I 
RISI 
M S I 
M S I 
M S I 
M S I 
RISI 
M S I 
M S I 
M S I 
M S I 
M S I 
M S I 
M S I 
XISI 
M S I 
M S I 
M S I 
M S I 
M S I 
M S I 
RISI 
M S I 
M S I 
M S I 
M S I 
M S I 
M S I 
M S I 
M S I 
M S I 
M S I 
M S I 
M S I 
M S I 
M S I 
M S I 
M S I 
M S I 
M S I 
M S I 
M S I 
M S I 
M S I 
I I S I 
M S I 
M S I 
M S I 
RISI 

1 
2 
3 
A 

» 
t 
7 

« 
9 

10 
11 
12 
13 
14 
I t 
I t 
IT 
1» 
19 
20 
21 
22 
23 
2A 
25 
26 
27 
28 
29 
3C 
31 
32 
33 
3* 
35 
36 
3T 
38 
39 
AO 
Al 
A2 
A3 
AA 
AS 
A6 
AT 
Aft 
A9 

»e 
> i 
52 
f 3 
5'. 
' 5 
56 
*T 
58 
59 
60 

http://IFINKOL.LT.il
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FUNCTION APMI (PHIfNKOLI tPKI 
APHI 

CALCULATIIN OF INCIDENT AKSIE RODIFIE* APrtI 
AF-HI 

«E»l NKOL APHI 
APMI 

PHI • A4SI*HII APH| 
IF ( p H l . t w . O . I GO TO 10 (PHI 
M I • P H I / 2 . APHI 
AP-il • 1 . - I S I N | P H l l / C O S I P H I t | * * N K 0 l APHI 
fETUPN APHI 

J AP>tI • I . APHI 
rffcTUIlN APHI 
I.NJ APHI 

SJdKuUlI ' - UlNKel (Zt I l » » N T A & , l » I J t » » H » D l f F L » 2 » S H , S » l UlMK 1 
»I*« 2 

CALCULATION IF tLEVATION AND AZU'JTrl JF Trtt SUM h l M ) 
AS A FUNCTION OF TIPC OF DAT klNK «. 

bINK J 
IF TlUc IS MVE1 IS ZCnAL Tint (CLOCK! • INDEX • 0 VlNK 6 
IF IINE IS GIVES IN PEAL LOCAL TINE I iNDtH • 1 U N * 7 

WINN H 
P I « 1 . 1 « 1 ! > « 2 6 » t BO • * . * P 1 / 1 6 » . 2 4 2 2 WINK * 
cPS • 0.40<m t EX2 • 0.01671)* WINK 1 0 
M I • t - I » P I / l * 0 . WlNK 11 
FN • * W J-FlH/160. WINK 1Z 
tfl • FLJATINTACI-1.9S«FLA2/3»U. WIN* 13 
»L<1 • IF iaAT(ST*GI-FP|*eO WINK 1* 
XL • Xlf. » 2.*fXZ*?INffcF»B0> WINK 15 
Lfc • S I N I A L O M S I c P S I » OE • A S I M D E I WINK \* 
Al • C O S I I l ' / C O S I D c l * AL • ACOS<ALI WIN* 17 
AL • i l & M A L . U I NISI) 18 
1 H X L . G E . P I ) Al • 2 . 0 P 1 - A L WINK 1 9 
2GL • Ul l -AU WlNK 20 
7KU • 12»*ZSL/PI - D l / 1 ! > . MINK 2 1 
l F I I N D E X . L 3 . i l ZKO • O.C WIM 22 
I • ( Z t ( T w » f K 1 - l 2 . l « P I / W . *IN» ZJ 
iH • SINIPHII tSINlOEItCJSIPHIIvCOSIDEI 'CMIT) KINK 2 * 
"H « ASIMSHl WlNK 2» 
SA • <StMPHl»»CdSI0£l»CJS|T»-C3iePHl»«SINIC<fc l l /C0SISH» WINK 26 
JA • ACJSISAI I SA • S I S M S A . T I WlNK 27 
OiTUttN WINK 29 
L N U «1NI if 

http://lFIINDEX.L3.il
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FbJGF-AP I T * I INPUT.OUTPUT.TArtl.TAF-EZ.TArES.TArEt.IAF-Ei.TArf 6 . 
• I A P I 7, T A P L H . T A P E V I 

c 
C F-AOGAA* FO« THE CALCULATION OF l * c * 1 COLILCTO* GAlHS B * HEAPS OF 
C TMc D c / D X - t f * l U E S P P C V i l l t L BY MUH3 
C 

KfcAl »ftOl» « " 
COinOH OF 112611. A3. «t» ANULl. Ul 
D l ' t h S l O * CT I1Z»«»19 ) .TL IJJ I» t > I < « I . I ( l 2 I . T t l 2 I . K T E X T I 3 , 3 l 
01 i t Hi ION C O I . 7 l l 2 l » T I U l l J » 3 l » t | ( 1 2 l 
t < l t » N i l FUtCU 
DATA C K T t I T t t . l l . I M . 3 l /3t*«« ILAT-PLATE . 5IKGLE hllOOM 1 / 
uAlA ( A T ) ( I I I . 2 1 . 1 > 1 . 3 1 I30HI FLAl-PlATF . COUiLL blNOOk I I 
CAT* I H T l l T I I . l t . 1 * 1 . 1 1 /lOMlCUNCtNTPAllNG.HTHGUl ttlNOOtfl/ 

C 
SJO »0*«AT13A» .»* .3A» , * I , 3A«» 

1000 F G « « A I I I Z , F 1 0 . 2 , f » . Z , * l * l 
1001 FOxPAMUHlOUTPUT FTA,I1I .3A6.10X.7HALPMA »»F ».1»1CI»?H6*FIPA • . F t . E T A 

*l»lG«»6Hr.KlH •»F6 .3 /Ot»»- .HBI i >»f7 .« .1CI .7HCK • » F e . 3 . l t l . 1A10ILTA 
1602 F O K * A T | / / / / m i . 1 0 f 6 . 2 , T « , 1 0 F 6 . Z I 
1C03 F O « P A I i m * » I 3 , 3 . 12 .11 
100* F0Nr tAT I lH» .6 * I . I * . 3F t Z . l / l 
l u j > t O K P A U U . l 3 . l O F 6 . i l 
1C06 F JHKAI I I ( ! • , f 8 X . I 7 . 1 0 F f t . i l 
10J7 to«r>AT(l»l 

c 
• lAO » 0 0 . I I T I T l £ ( t . J I . I > l . l l . J « 1 . 3 l 

203 CEAD 100t.lTL.TL9.0TL.PC.LPJ.LRA.LNB 
l U n U . t u . O I ST3P 
AO • 1.0 
l>li 10 N •1 .1TL 

U l l l t t l • TIO * DTl»FLOATIrt- l l 
III) ioO L • I . I I * 
ftnlno i 
00 Zg J • I f *P 
• LAC' U l rf»A,JAt,NA,Nf,IH,AlFM,GA>IA,NA0l.«K.CR.rtA».0«.«KOLL. » r l H , 

l M M . i l S . S I G . I M I S . I D t l l l I . I - l . P A X ) 
M i l • RA>*0* 
I I • ANIN - XNULL 
f l t l • I F I X X I / O X ) 
I F t n l H l . l T . f ) P I N I O 
A X • HAX- l IN I t I f l l • PlNI»D» 
11 (NMULi tT .3 .1 K • 1 
1 I I N A 3 L . I T . 3 . 1 «. • Z 
I F I N K U L . L T . l . l < • 3 
P I I J I • N l / 3 3 
AJA • FLOATI.IAE-.IAA*!! 
AD1 • FLCATI1c-<IA*ll 
TMCLI • TF 
hT • I » "• • 1 
lFU .GT .LNAI * T » l - l * A 
1FU.GT. IP.AI • • 2 
1FU.GT.LN3 I PT«l-LPS 
1 M L . G T . I P 1 I 1 • 3 
x t J I • (S IG/AJAI / l t iOO. 
T I J I » I S K / A J A I / I O O O . 
Z f J I • 3 . v l * * * » r ^ ! S / ( N l M » A J A » A O I » 
(L iJ I«1«*A< 

30 U l f l l • O . r M I I A J A 
(HI *>> N • l . N T l 

eTA 
ETA 
ETA 
ETA 
ETA 
ETA 
ITA 
ETA 
ETA 
FTA 
EIA 
ETA 
tTA 
ETA 
ETA 
tTA 
ETA 
,ETA 
ILTA 
CTA 
ETA 
ETA 
ETA 
ETA 
ETA 
FTA 
ETA 
ETA 
tTA 
ETA 
ETA 
ETA 
til 
ETA 
ETA 
ETA 
ETA 
ETA 
ETA 
ETA 
ETA 
ETA 
ETA 
ETA 
ETA 
ITA 
ETA 
tTA 
ETA 
ETA 
tlA 
ETA 
ETA 
tTA 
CTA 
ETA 
tlA 
CTA 
ETA 
(TA 

1 
Z 
3 
* 
* 
6 
7 
* 
9 
10 
11 
12 
13 
1* 
1* 
16 
17 
If 
19 
ZC 
Zl 
Zi 
23 
2* 
2» 
26 
27 
2B 
21 
30 
31 
32 
33 
J* 
3» 
36 
37 
36 
39 
to 
*1 
• Z 

o 
** 
•» 
*6 
*7 
*f 
• 9 
50 
»1 
•2 
43 
»• 
55 
>t 
S7 
«« 
>9 
6C 

http://CKTtITtt.ll.IM.3l
http://IHTllTII.lt
http://tOKPAUU.l3.lOF6.il
http://f8X.I7.10Fft.il
http://100t.lTL.TL9.0TL
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IMCTl tHWlQ.01t.GT.mtiOHUll . l t STOMIC TOO lA»tt» 
Kj • l O . / I K H l 
UL»J • D t l l l l / l l . * 0 .&*D» / l i J . *kHULLI I 
1 F U I . G T . C . I 1 [ i n • 0 . 0 
C» • ftOtlMUl-A) » CS • HI! 
CC • OtXC 1 CO • CCM10.*kHUktt 
t i l l • C»»CC 
C U I • Cn*CC « CA»CD 
C H I • C»*CO 
Zfe • 0.0 
td J4 I - l . l 

!•> ; « - ; • • c t i t * * i * * m 
*0 . H j . l T . M • (SII<FSEiriX»kftI,kIft»FUHCTl>»ZlM/llO.*>f J)> 
*0 CQ.'lltr.uE 

lFU.He.l«A.AHD.l.HE.ina.AHD.l.Nc.l.n) GOTO 100 
r>MIM iJU»(T(UUI>»ltl«l>ll»M.>n,<,tHA,S«QUtK»Cl>» IKUlTtl>Kl» 

11-1*3) 
(•KIN! 101.2* f r i ( H I » H * l » M l t r i l l (HI .N«l , Mi l l 
o'j it. j - i . - r w 
rO 50 N1'1»HT 
IT* • IFI<(T«MH1I»0.M 
IF tHl.r .&.l l GOTO *» 
PklNT 1 0 t l . « M J I . H J I » r O I » Z I J I 
iF ( j .cb . ro i GOTO * * 
»MHl 1 0 l * » « I f J » l l » H J » l l » Y l j « l l . 2 U « l l 

4 i tFCJ.ca.RJ.AH0.Hl.lO.lt ••••INT 1007 
* > I M 10C> , i r»»UT(J ,M ,N I ,N . l ,K I l l 
IFIJ.tO.FOI GOTO SO 
COIN! 10C6#ITX»IET(J«l,M,NI»H«l»Mll 

i t CUNTIHUE 
ioa CCHTIHUE 

CU TO 200 

IT* 
ETA 
ET» 
ETA 
tl« 
IT* 
H A 
11* 
IT* 
£1* 
til 
ETA 
E1A 
-!» 
ill 
ETA 
ETA 
II* 
ETA 
ETA 
ETA 
ETA 
ETA 
I1A 
ETA 
ETA 
ETA 
ETA 
ETA 
ETA 
ETA 
ETA 
ETA 

61 
6? 
62 
64 
64 
bt 
6T 
t« 
6* 
TC 
71 
72 
71 
76 
7» 
76 
77 
78 
7» 
ec 
11 
«? 
63 
«* 
8S 
*6 
67 
of 
B» 
9C 
91 
92 
93 

http://tHWlQ.01t.GT.mtiOHUll.lt
http://tFCJ.ca.RJ.AH0.Hl.lO.lt
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(UNCTION S I N « E t N . » 0 » * l » M 
I F U * I N / ? I ~ N I », 10 . 5 

> N • N*l 
1U h • l l l - I J I / N 

sun • «*Uot»f i * l ) t / 2 . 
M • N-l 
LO it, 1*)»N1»2 
III • »0 • H*I 
>1? • Itlt H 

IS SUn • iUr • ?.*MI11> • H l U I 
IIBPSf ?.»M»TU"l/J.O 

ISO 

tUNCTION FUNCUtXI 
"c»t MO 
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2. RESULTS FOR THE METEO SITUATION OF ZURICH AIRPORT 

According to the decision at the preparatory May-meeting at 

EIR, we have computed the following cases for the meteo-

situation of Zurich airport which is more or less significant 

of the Swiss Midlands: 

Collector orientation (Y): 

Collector class (n, b): 

Collector tilt angle TA (a): 

Monthly tables for month MO: 

Values for constant collector 
temperature T : 

South facing (0) 

(3.3, 0.004 K_1) 

(2.5, 0.004 K_1) 

30°, 60° 

March, June, September, 
December 

30, 50, 70° C 

(How to get results for constant inlet temperatures T., see 

appendix I). 

On the following pages, first an example for the MURD-tables 

is given (the complete set of tables is available c. magnetic 

tape), then the graphs of the MURD-functions are represented 

completely and finally, the complete tables of monthly mean 

gain values are quoted. 
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2 . 1 MURD-functions 
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2.2 Mean c o l l e c t o r ga ins 
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3. CONCLUSIONS 

As was already pointed out, our method of computing the all day 

performance of solar collectors provides a good basis for the 

decision in selecting a collector with an optimal gross heat 

output/price relation for a given application and a given 

climate. 

Improvements of the method are still possible e.g. by taking 

into account the heat losses according to equation (30) as well 

as dynamic effects which may be described by one or two time 

constants for each type of collector (investigations are in 

progress), but it should be mentioned that the influence of 

natural variations of the meteo data is greater than that of those 

(second-order) effects. 

For the layout of solar heating systems or hot water preparation 

systems, respectively, a cost-benefit optimization of heat-

storage capacity and collector-field size is necessary. To this 

end an estimation of the net heat output is needed. A model 

for a simple and efficient assessment of cost was proposed in 

ref. (2). A more detailed description, including layout mono­

grams has been published in ref. (4). Further investigations 

concerning the verification and validation of this model are 

in progress. 
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APPENDIX I 

Constant inlet temperature 

From the point of view of solar enerqy utilization, the gross 

heat output as a function of the collector-fluid inlet 

temperature T. instead of T , the mean collector-fluid 
1 m 

temperature, is of more interest. 

Starting from the expression for the heat flux per m2 collector 

area 

o e 1 o m a 

and the definition of T 
m 

T = T.+AT/2 w i t h AT = T - T . (43) 

m i o l 

we obtain by inserting 

q = c •p-V'AT/A (44) 

into (2) the following relationship 

y q = n »I - a.'k'U •(T.-T ) (45) 
1 ^ o e 1 o I a 

a ku A 
with y = 1 + — — ? - (46) 

2cpPV 

where T = collector-fluid outlet temperature (OC) 

A = collector area (m2) 

c = specific heat of collector fluid at constant 
P 

pressure (Wh/kg°C) 

p = density of collector fluid (kg/1) 

V = collector fluid flow rate (1/h). 



- 56 -

From eq. (45) and (46) the following procedure can be 

derived immediately: 

If you are interested in the gross heat output of a collector 

as a function of the collector-fluid inlet temperature, replace 

the values of T by that of T., n by n* = n /y and a, by a* = m J i o J o o J 1 J 1 
a1/y. Since for reasonable working conditions, the term 

a1kU A/2c pV amounts to only a few percents, it is sufficient 

to use the approximation 

a,U A 
y S 1 + -±- 2

7 . (47) 
2c pV 
P 

The conversion of the results given by ETA can thus easily be 

done. 
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APPENDIX II 

Stagnation temperature 

For practical purposes, the relationship between x = n /a, 

and the stagnation temperature T is of some interest. J - s 

According to eq. (2), the condition for stagnation q = 0 

(n = 0) leads to 

n «I I 
k-(T -T ) = ° „6 = X -~r s a a *U o U 1 o o 

Inserting (5), we obtain 

(T -T )+b(T -T ) 2 = x «I /U s a s a o e o 

with the solution 

T -T = ^T- (/l+4bx I /U - 1) (48) 
s a 2b o e o 

Assuming I = 1000 W/m2, which may be the case with e,max 
perpendicular incidence (8 = 0) and small fraction of diffuse 

radiation (y -* 0) , we calculate the following table for our 

examples (b = 0.004 K~ ): 

X 

o 

1.0 

1.5 

2.0 

2.5 

3.0 

T -T s a 

77°C 

105 

131 

155 

176 
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APPENDIX III 

List of symbols 

A collector area (m2) 

a,.,.. incident angle modifier for diffuse radiation (-) 
dxff 

a,.,, a J ££ related to a horizontal surface (-) diff,o diff v ' 

a (6) incident angle modifier for direct radiation (-) 

a. heat loss coefficient (T = const) (-) 1 m 

a* modified heat loss coefficient (T. = const) (-) 

b heat loss class parameter (radiation) (K ) 

c heat loss class parameter (convection) (sec/m) 

co concentrating factor of focusing collector (-) 

c specific heat of collector fluid at constant pressure 
P 

(Wh/kg°C) 

d gradient of diffuse radiation (W/m2) 

D. diffuse radiation on horizontal plane (W/m2) 

D isotropic part of diffuse radiation on a tilted surface 

(W/m2) 

D isotropic part of diffuse radiation on a horizontal 

surface (W/m2) 

D diffuse radiation on a tilted surface (W/m2) 

E' (x) radiation energy distribution, mean usable radiation 

density (Wh/m2) 

f. radiation loss factor (-) 
b 
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F(x ) gross heat output for a given period (o<t£t ) normalized 

to n0 = 1 

g gradient of global radiation (W/m2) 

GA = y collector orientation (deg) 

(S.E.: -45, S.: 0, S.W.: +45) 

G global radiation power on horizontal plane (W/m2) 

G global radiation on a south-facing, tilted surface 

(TA = a) (W/m2) 

G global radiation on a tilted surface with TA = a 
a,y 

and GA = y CW/m2) 

h elevation of the sun (deg) 

I incident radiation power per m2 

collector area (W/m2) 

I effective radiation power per m2 collector a*£ea 

(incident upon absorber) (W/m2) 

I vertical component of direct radiation (W/ijt2) 

3 radiation density per nr collector surface coming 

from the direction to the sun (W/m2sterad) 

k(T ,T ) variation of the thermal loss coefficient a, as a 
m a 1 

function- of T and T (-) 
m a 

n parameter of incident angle modifier class, exponent 

of Widder's formula for a(8) (-) 

- * • 

n normal unit vector to the collector surface 
c 

q gross heat output in the time interval 0<t4t 

(Wh/m2) 
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heat flux per m2 collector area (W/m2) 

time (h) 

t duration of period (h) 

TA = a collector tilt angle (deg) 

T ambient temperature (°C) 

T. collector fluid inlet temperature (°C) 

TM = T mean collector fluid temperature (°C) 

T collector fluid outlet temperature (°C) 

T stagnation temperature (°C) 

U heat loss normalization factor = 10 W/m2K o 

v velocity of wind (m/sec) 

V collector fluid flow rate (1/h) 

x ordering parameter of the MURD-function ; ) 

x x-value corresponding to stagnation point 

(n(xQ) = 0) 

x . minimum value of x within the time interval min 
0 < t x< t o 

x zero of x-scale (MURD-tables) z 

y gross heat output conversion factor 

(T = const •* T, = const) (-) m i 

a collector tilt angle (deg) 

Y collector orientation (deg) 

(S.E.: -45, S.: 0, S.W.: +45) 
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AT temperature difference T -T. (°C) 

At time interval (h) 

Ax x-interval 

e emittance of absorber surface (-) 

n collector efficiency (-) 

n, "mean collector gain" (-) 
n 

n maximum collector efficiency, optical efficiency 
o 

for normal incidence (-) 

n* modified maximum efficiency (T. = consL) 

8 angle of incidence, defined by j and n (cleg) 

u fraction of diffuse radiation on horizontal 

plane (-) 

£ transformed ordering parameter = x - x 

£ = x - x 
o o z 

£ , = x . - x 
min m m z 

P density of collector fluid (kg/1) = (g/cm3) 

_ Q 

a Stefan-Boltzmann constant = 5.67*10 W/m2Kl> 

For the symbols of the program-input parameters see page 12 ff, 


