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FIGURES 

Figure 

1 Disk and trapezoid i n  earth orb i t  

2 Disk and trapezoid along eartn-sun l i n e  

3 Cone - sma 1 1 nodes 

4 Cone - large node 

5 Circular paraboloid - s m l l  nodes 

6 Circular paraboloid - large node 



NOMENCLATURE 

Earth albedo, average a1 bedo o f  ear th ( -30) 

Planetary view factor ,  forin factor  frm surface 

element t o  ear tn 's  surface 

Thermal energy radiated per  average u n i t  area and 

time 

Solar constant, the i r r a d i a t i o q  from the sun in tercepted 

by a plane surface normal t o  the sun's rays (443.7 Btu/ 
2 h r - f t  ) 

O r b i t  i n c l i n a t i o n ,  the angle between the  earth-sun l i n e  

and the o r b i t  plane 

Angle between the sun's rays and the normal t o  the 

surface 

O r b i t  angle, angle between sun's rays and the surface 

Angle between a p o i n t  on cone o r  c i r c u l a r  parzboloid 

and the sun's rays 

Angle between a p o i n t  on cone o r  c i r c u l a r  paraboloid 

and the earth-sun l i n e  



1 . I NTROOUCT ION 

A study i s  being made t o  evaluate the resu l t s  of the d i r e c t  i r r a d i a t i o n  1 i nk  

of the TRASYS program. Several surface conf igurat ions are being invest igated. 

The accuracy o f  the resu l t s  a re  being evaluated f o r  simple cases where the 

answers are a n a l y t i c a l l y  known. Also by varying an accuracy fac to r  i n  the 

program, the amount o f  computer t ime needed t o  achieve d i  f fe rent  degrees of 

accuracy i s  being determined. 

The d i r e c t  i r r a d i a t i o n  l i n k  o f  TRASYS calculates the inc ident  heat on the 

external surfaces o f  a spacecraft due t o  the sun and the presence o f  a nearby 

planet. Solar, albedo, and planetary f l u x  are calculated. Solar f l u x  i s  

the d i r e c t  rad ia t ion  from the sun. Albedo f l u x  i s  the re f l ec ted  rad ia t i on  

from the planet. Planetary f l u x  i s  the rad ia t i on  emitted from the planet.  

This i s  a f i n a l  repor t  on the  study. The data i n  t h i s  repo r t  i s  f o r  four  

surface types : discs , trapezoids, cones, and c i r c u l a r  paraboloids . Reference 1 

contains the resu l t s  f o r  the other  three surface types used i n  TRASYS, 

rectangles, c y l  inders , and spheres. For cases where the resul t s  are i den t i ca l  

t o  those reported i n  reference i , the 1 i s t i n g s  o f  the actual values w i l l  not 

be recorded i n  t h i s  document. 



2. DISCUSSION 

The solar,  albedo, and p lanetary f lux was ca lcu la ted  f o r  four  surface types: 

discs, trapezoids, cones, and c i r c u l a r  paraboloids. For both discs and trape- 

zoids, two cases were run. One case was w i t h  the  surface i n  ear th  o r b i t  and 

the second case was w i t h  the surface along the earth-sun l i n e .  Tw cases 

were run f o r  both cones and c i r c u l a r  paraboloids. One case has a h a l f  sur- 

face d iv ided i n t o  36 nodes; the o ther  case uses a quar ter  surface fo r  only  

one node. 

The number o f  elements placed upon the node by TRASYS i s  determined by two 

vhriables; the percentage o f  the p lanet  viewed by the node and the accbracy 

f a c t o r  f o r  shadowing ca lcu la t ions  (DIACCS). The de fau l t  value for  DIACCS 

(0.1) was used f o r  a l l  cases. As the percentage o f  the p lanet  viewed by the 

node increases, the number o f  surface elements a lso  increases. For an un- 

shaded surface, the  program attempts to  place less than 20 square elements 

upon the node as described i n  reference 3. 

The ntimber o f  planetary elements i s  determined by the user i npu t  accuracy 

f a c t c r  f o r  node t o  p lanet  form fac tors  (DIACC), and the percentage of the 

planet v i e w d  by the node. As D I A C C  decreases, the number o f  planetary ele- 

ments 1ncre2ses. As the percentage o f  the p lanet  viewed by the node increases, 

the n u d e r  04' planetary elements increases. The minimum number o f  planetary 

elements i s  52. The maximum number o f  planetary elements depends upon the 

a1 ti tude c f  the surface and cannot be greater than 400. The a1 t i  tude used 

f o r  a1 1 cases i n  t h i s  study was 100 nmi . A t  t ha t  a1 ti tude, the maximum num- 

ber o f  planetary e l e r ~ n t s  i s  355. 

The computer run time comparis~ns were made i n  two ways. For the 'TOTAL'  

category the Central Ar i thmet ic  U n i t  (CAU) time as p r i n ted  on the t a i l  sheet 

was used. The 'FLUX CALCULATION' comparison was based, however, on the num- 

ber  o f  storage accesses output by TRASYS. 

The thermal energy radiated by ear th conforms t o  the same laws as any other 

body; i .e. ,  the amount depends upon the surface temperature and the emission 

p ro r0 r t i es .  Since the temperature o f  ear th  does not vary g rea t l y  over a long 



period o f  time, i t  i s  reasonable t o  assume t h a t  the radiated energy i s  equal 

t o  the absorbed energy, and hence the average thermal rad ia t i on  can be ca l -  

cu lated f r o m  a simple heat balance. Using S as the so la r  heat f l u x  per u n i t  

projected area, AE as the ear th  albedo, R as the ear th 's  radius, and I as 

the thermal energy radiated per  average u n i t  area and time, the energy balance 

The p lanetary view fac to r  (F ) i s  the form f a c t o r  from a surface element t o  
P 

the ear th 's  surface. The form f a c t o r  was calculated f o r  a rectangular surface 

a t  an a l t i t u d e  o f  100 nmi . The ca lcu la t ions  were made from 0' ( tac ing  the 

sun) t o  180' ( fac ing  the ear th)  i n  0.5' incremefits. I n  the calculat ions,  the 

ear th was d iv ided i n t o  115,200 elements t o  achieve very accurate form factors.  

This t ab le  o f  form fac tors  was used to  determine the "ana ly t i ca l "  albedo and 

planetary f luxes t o  the surfaces. 

2.1 DIRECT IRRADIATION TO D I S C  AND TRAPEZOID 

Two cases were run f o r  d iscs and trapezoids. The f i r s t  case was f o r  the sur- 

face r o t a t i n g  i n  ear th o r b i t ;  the second case was f o r  the surface along the 

earth-sun l i n e .  The f l u x  was calculated f o r  various or ien ta t ions .  

2.1.1 D I S C  AND TRAPEZOID I N  EARTH ORBIT 

The solar ,  albedo, and planetary f l u x  was calculated t o  a d isk  and a trape- 

zoid r o t a t i n g  i n  earth o r b i t  as shown i n  f i g u r e  1.  The o r b i t  angle ( . )  

ranged from 0' t o  60' i n  5' increments. The d isc used was a c i r c l e  w i t h  a 

radius o f  6 f t. The four  corners o f  the trapezoid were 



Both surfaces were a t  an a1 t i  tude o f  100 nmi . 



Figure 1. - Disk and trapezoid i n  earth o r b i t  
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Figure 2. - Disc and trapezoid along earth-sun line 
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For th is  case, tht flux to a disc o r  trapezoid should also be the saae as 

the flux to a rrctlngle. 

For the surface shtm i n  figure 2, the solar f lux that i s  expected i s  

The a lkdo  f lux that i s  expected i s  calculated by eq- (2). 

The planetary flux that i s  expected i s  calculated by eq. (3) .  

The solar, albedo, and planetary fluxes calarlated for the disc and trapezoid 

retc identical to the fluxes calculaW for  the rectarlgle and s m r i z e d  i n  

tables 7 and 8 o f  reference 1. 

2.2 DIRECT IWUDIATIOW TO CONE 

The solar, albedo, and p1amtai-y f lux was calculated for two dif ferent con- 

figurations o f  a cone. The f i r s t  configuration has the cone divided into 

a n y  small nodes. The second configuration has only one W e  which i s  a 

quarter of a cone. 

A half cone was divided into 56 equal nodes and was located a l o q  the earth- 

sun 1 i~ as sttam i n  figure 3. The cone was located a t  an a1 titude of 100 

mi. The radius o f  the base o f  the cone was 10 ft. and the a1 ti tude o f  tie 

cone was 10 ft. 



figure 3. - Cone - small nodes 



hrr a l l  o f  the flux calculations, each node is divided into many small ele- 
ments. The flux to each of thtse small elements i s  approxinately eqwl to 
the flux to a rectangle angent to the element a t  the midpoint. The flux to 
each node i s  calculated by Integrating over its entire surface area. 

The angle between the noma1 to each element and the sun's rays i s  

5 = cos-l (cos 4 cos $1 

The solar f l u  to each elememt frola eq. (4) is 

The solar flux to each node is 

The albedo flux to each element frort eq. (2) is 

The albedo f lux ta each node is 

The planetary flux to each elenent f r o m  eq. (3) i s  

The planetary flux to each node is 



2.2.1 . I  Solar Flux 

The solar f l w  was calculated to the cone shown i n  figure 3. Fifteen elements 
were placed upon each of the nodes. 

T k  solar fluxes calculated by the program were equal to the fluxes calculated 
analytically f m  eq. (5 ) .  Table 1 sham the analytical values and the calcu- 
lated values. 



TABLE I .  - SOUR FLUX TO CONE (SHALL W S )  

M e  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

I 
12 

13 

14 

15 

16 
17 

18 

19 

36 

Analytical so l a r  f lux (~ tu /h r - f t 2 )  

313.36 

310.96 

306.21 

299.12 

289.78 

278.20 

264.54 

248.83 

231 -25 

21 1 -84 
190.95 

168.55 

144.82 

120.01 
94.34 

67.88 

40.91 

13.70 

0.0 

0.0 

Calculated so la r  f lux ( ~ t u / h r - f t 2 )  

31 3 -36 

310.97 

306.22 

299 -14 

289.78 

278.22 

264.53 

248.84 

231 -25 

211.90 

190.94 

168.53 

144 -83 

120.03 

94.32 

67.89 

40.94 

13.68 

0.0 

0.0 
4 

I 



2.2.1.2 A1 bedo and Planetary Flux 

The albedo and planetary f l  w was calculated f o r  the cone shown i n  figure 3. 

Three cases were run with the accuracy factor f o r  node to  planetary form fac- 

t o r  (DIACC) being equal t o  0.25, 0.10 and 0.01. For the cone, the o r b i t  angle 

(0) and the o r b i t  inc l inat ion (6) are both 0'. 

Table I1  shows a surrrlary of the data for albedo and planetary f l ux  f o r  these 

three accuracy factors. For the albedo f lux calculations, the analytical 

values, the calculated values, and the rnnnber o f  planetary el-ts used are 

shown i n  Table 111. Table I V  shorn the analytical fluxes, the calculated 

fluxes, and the nrrnrber o f  planetary elements used i n  the planetary flux cal- 

culations. 

2.2.i.2.1 Case 1 DIACC = 0.25 

The f i r s t  case was m n  with DIACC set equal to  the default value o f  0.25. The 

h e r  o f  elemects placed upon the surface nudes was 15. The mini- number 

o f  planetary elements used i n  the program was 52 f o r  nodes 1 through 18. The 

maximum nunber o f  planetary elements used was 171 fo r  nodes 33 through 36. 

2 The largest error i n  the albedo flux calculations was 2.7 Btu/hr-ft  a t  node 
2 27. The analytical value was 79.1 Btu/hr-ft  and the calculated value was 

2 2 81.8 Btu lhr- f t  . The average error was 1.14 Btu/hr-ft  . 

2 The greatest error for  planetary f l ux  was 1.3 Btu/hr-f t a t  node 13. The 
2 value calculated analyt ical ly using eq. (7) was 15.9 Btu/hr-ft  and the value 

2 calculated by the program was 14.6 Btu/hr-ft . The average error was 0.53 Btu/ 
2 h r - f t  . 
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2.2.1.2.2 Case 2 DIACC = 0.10 

The second case was run w i th  DIACC = .lo. The nurabe* o f  elements placed upon 

the surface nodes was 15. The number o f  planetary elements ranged f r o m  52 

f o r  nodes 1 through 13 to 355 f o r  nodes 28 through 36. The maxitnun nmber of 

planetary elements allawed by the program f o r  t h i s  a l t i t ude  i s  355. 

2 The largest  er ror  f o r  the albedo f l ux  was 1.0 B tu lh r - f t  a t  node 36. The 
2 f l u x  ca1CUlated analyt ical iy  using eq. (6) was 96.8 Btu/hr- f t  and the f l ux  

2 calculated by the program was 97.8 B tu lh r - f t  . The average e r ro r  was 0.64 
2 B tWhr - f t  . 

2 The largest  er ror  i n  the planetary f l u x  calculat ions was 1.3 Btu/hr-ft a t  
2 node 13. The analyt icat value was 15.9 Btu/hr- f t  and the calculated value 

2 2 was 14.6 Btu lhr - f t  . The average er ror  was reduced t o  0.29 Btu lhr - f t  . 

The computer time used i n  t h i s  run was 16.4 percent greater than the time 

used i n  the defaul t  case. The amount o f  computer time used i n  the albedo 

and planetary f l u x  calculat ions was 34.7 percent greater than the time used 

i n  the defaul t  case. 

2.2.1.2.3 Case 3 DIACC = 0.01 

The next case was run wi th  DIACC lowered t o  0.01. The number of elements 

placed upon the surface nodes remained 15. The number o f  planetary elements 

ranged from 95 f o r  nodes 1 and 2 to  355 f o r  nodes 13 through 36. 

2 The largest  er ror  i n  the albedo f l ux  for  the case remained 1.0 Btu/hr-ft  a t  
2 node 36. The f l u x  calculated ana ly t i ca l l y  was 96.8 Btu/hr - f t  and the f lux 

2 calculated by the program was 97.8 Btu ihr - f t  . The average er ror  was lowered 
2 t o  0.41 I t u l h r - f t  . 

2 The greatest error  f o r  the planetary f l ux  dropped t o  0.3 Btu/hr- f t  f o r  th is  

accuracy factor. This er ror  occurred a t  nodes 16, 18, 19, and 20. For node 



2 16, the analytical value was 28.4 Btu/hr-ft and the calculated value was 
2 28.1 ~tu/hr- f t2 .  The average error was reduced to 0.17 Btu/hr-ft . 

Lawering the accuracy factor to 0.01 increased the amount of computer time 
used i n  the run by 38.4 percent. The amount of computer time used i n  the 
albedo and planetary flux calculations was 83.3 percent greater than the time 

used i n  the f i r s t  case. 



TABLE 111. - ALBEDO FLUX TO CONE (SMALL NODES) 

t 

llo& 

36 
35 
34 
33 
32 
31 

Analytical 
flux 

(~tu/hr- f t2)  

88.9 (355) 
86.1 (355) 
83.0 (355) 

. 79.6 (355) 
76.1 (355) 
72.5 (355) 
68.7 (355) 
64.8 (355) 
60.7 (355) 
56.5 (355) 
52.4 (355) 

Calculated f l u x  

88.9 (355) 
86.1 (355) 
83.0 (355) 
79.5 (305) 
76.1 (288) 
72.7 (233) 
68.8 (223) 
64.8 (210) 
60.5 (206) 
56.6 (179) 
52.3 (144) 
48.1 

Case 3 
(Planetary 
e l a e n t ~ ) ~  

(Btulhr-ft ) 

97.8 (355) 
97.3 (355) 
96.4 (355) 
95.1 (355) 
93.4 (355) 
91.3 (355) 

Case 1 
(Planetary 
e le~nents)~ 

(Btu/hr-ft ) 

89.5 
86.7 (136) 
83.6 (134) 
81.8 (114) 
78.0 (108) 

g (13 95 
61 .O 93) 
57.9 74 
53.6 (71) 
49.5 (66) 

30 
29 
28 
2 7 
26 
2 5 
24 
2 3 
22 
21 
20 
19 

Case 3 
(Planetary 
e 1 - t ~ ) ~  

(Btujhr-ft ) 

97.8 (355) 
91.3 (355) 
96.4 (355) 
95.1 (355) 
93.4 (355) 
91.3 (355) 

I 

96.8 
96.4 
95.5 
94.2 
92.5 
90.5 
88.1 
85.4 
82.4 
79.1 
75.7 
72.1 
68.3 
64.5 
60.6 
56.6 
52.7 
48.7 

: ] 
96.3 97*6 [:;:I 
94.5 (170) 
92.0 

44.4 I;:] 
40.2 (98) 
36.5 (95) 
32.8 (72) 
28.8 (63) 
25.1 (52) 
22.4 (52) 
20.1 (52) 
18.3 (52) 
16.6 (52) 
14.8 (52) 
13.1 (52) 
11.7 (52) 
10.6 (52) 
9.60 (52) 
8.85 (52) 
8.30 (52) 
7.97 (52) 

48.5 (355) 
44.6 (355) 

: I:::] 
33.6 (355) 
30.4 (355) 
27.2 (355) 
24.2 (338) 
21.4 (288) 
18.8 (223) 
16.5 (210) 
14.6 (180) 
12.7 (144) 
11.3 (136) 
1 0 1  (112) 
9-19 (705) 
8.38 (98) 
7.90 (95) 
7.76 (95) 

4 

44.8 (52) 
40.4 I:;] 36.3 
32.5 I;:{ 28.6 
25.1 [;;I 22.4 
20.1 (52) 
18.3 (52) 

;::: [;;I 
13.1 (52) 
11.7 (52) 
10.6 
9.60 
8.85 (52) 
8.30 (52) 
7.47 (52) 

18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 

44.8 
41.1 
37.4 
33.9 
30.5 
27.3 
24.3 
21.6 
19.1 
16.8 
14.9 
13.1 
11.6 
10.3 
9.4 
8.7 
8.3 
8.0 



Node 

36 
35 
34 
33 
32 
31 
30 
29 
28 
2 7 
26 
25 
24 
23 
22 
2 1 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 

Analytical 
flux 

iBtu/hr-ft2) 

56.5 
56.2 
55.7 
55.0 
54.0 
52.8 
51.4 
49.8 
48.0 
46.2 
44.2 
42.1 
39.9 
37.6 
35.3 
33.0 
30.7 
28.4 
26.2 
23.9 
21.8 
19.7 
17.8 
15.9 
14.2 
12.6 
11.1 
9.8 
8.7 
7.6 
6.8 
6.1 
5.5 
5.1 
4.8 
4.7 

* 

Case 1 
(Planetary 

(Btu/hr-ft ) 

57.4 (171) 
57.1 (171) 
56.6 (171) 
55.8 (171) 
54.8 (170) 
53.3 (144) 
51.8 (139) 
50.3 (136) 
48.5 (134) 
47.4 (114) 
45.2 (108) 
42.8 (105) 
40.3 (98) 
37.8 (95) 
35.4 (93) 
33.6 (74) 
31.1 (71) 
28.7 (66) 
26.0 (52) 
23.4 (52) 
21.1 (52) 
18.8 (52) 
16.6 (52) 
14.6 (52) 
13.0 (52) 
11.7 (52) 
10,7 (52) 
9.62 (52) 
8.59 (52) 
7.61 (52) 
6.77 (52) 
6.15 (52) 
5.58 (52) 
5.15 (52) 
4.83 (52) 
4.64 (52) 

~Alculated flux 

Case 2 
(Planeta y 
elnnent~)~ 
(Btu/hr-ft ) 

56.6 (355) 
56.4 (355) 
55.8 (355) 
55.1 (355) 
54.1 (355) 
52.9 (355) 
51 -5 (355) 
49.9 (355) 
48.1 (355) 
46.1 (305) 
44.1 (288) 
42.1 (233) 
39.9 (223) 
37.5 (210) 
35.1 (206) 
32.8 
30.3 
27.9 (136) 
25.8 (108) 
23.3 (98) 
21.2 (95) 
19.0 (72) 
16.7 (63) 
14.6 (52) 
13.0 
11.7 (52{ (52 
10.7 
9.62 
8.59 !52) 
7.61 (52) 
6.77 (52) 
6.15 (52) 
5.58 (52) 
5.15 (52) 
4.83 (52) 
4.64 (52) 

Case 3 
(Planetary 
 element^)^ 
(Btu/ hr-ft ) 

56.6 (355) 
56.4 (355) 
55.8 (355) 
55.1 (355) 
54.1 (355) 
52.9 (355) 
51.5 (355) 
49.9 (355) 
48.1 (355) 
46.1 (355) 
44.1 (355) 
42.0 (355) 
39.8 (355) 
37.5 (355) 
35.2 (355) 
32.8 (355) 
30.4 (355) 
28.1 (355) 
25.9 (355) 
23.7 (355) 
21.5 (355) 
19.5 (355) 
17.6 (355) 
15.8 (355) 
14.1 (333) 
12.4 (288) 
10.9 (223) 
9.61 (210) 
8.47 (180) 
7.40 144) 
6.57 136) 1 
5.89 (112) 
5.34 (105) 
4.87 (98) 
4.59 (95) 
4.51 (95) 



2.2.2 CONFIGURATION 2 

The second configuration was fo r  a node which was one-quarter o f  a cone. 

This node was located along the earth-sun l i n e  as shorm i n  figure 4. The 

angle to the midpoint o f  the node (+) defines the orientation, The node was 

rotated fm 4 = 0' (facing the sun) to + = 180' (facing the earth) i n  5' 

increments. The cone was located a t  an a l t i tude o f  100 mi. The radius o f  

the base o f  the cone was 50 ft. and the a1 ti tude o f  the cone was 10 ft. 



Figure 4. - Cone - large node 

2- 19 

SUN 



The so la r  f l u x  to  the node i s  calculated froin eq. (5) 

9s = S*cos $*/+* cos $ d+ 

4'1 

For t h i s  conf igurat ion 

0 

= S-cos 1 4 . 1 ~ ~ ~  cos q d$ 
e-45O 

The albedo f lux t o  the node from eq. (6) i s  

The planetary f l u x  t o  the node from eq. (7)  i s  

2 1  Solar Flux 

The solar  f lux was calculated to  the node shown i n  f i g u r e  4. Twelve elements 

were placed spon each o r ien ta t i on  o f  t he  node. 

2 The la rgest  e r ro r  was 6.81 Btu /hr - f t  a t  4=120C. The f l u x  calculated analg- 
2 t s c a l l y  using eq. (8) was 6.81 B tu /h r - f t  an3 the f l u x  calculated by the p ro -  

2 2 gram Has 0.0 B t u l h r - f t  . The averaqe e r r o r  was 2.41 Btu /hr - f t  . The analy- 

t i c a l  f luxes and the calculated fluxes ar2 shown i n  tab le  J .  



Calculated 
solar flux 

(~Whr-ft2) 

285.72 
281.63 
281.38 
275 -99 
268.49 
258.95 
247-44 
234.05 
218.87 
202.04 
183.66 
163.88 
142-86 
129.87 
11 5.88 

(4) 

o0 
5 

10 
IS 
20 
2s 
a 
35 
10 
15 
50 
55 
60 
65 
70 

h l y t i u l  
solar flux 
mam-ft2 

982.47 
Z81.39 
278.18 
272-84 
265-43 
256.00 
211-62 
231.38 
216.38 
199.74 
182.33 
165.05 
148.01 
I31 -42 
115-32 

75 
80 
EIS 
#) 
05 

100 
105 
110 
11 5 
120 
125 
130 
135 

180 

99.87 1 101.02 
85.17 
n -35 
58.50 
46.73 
36.12 
26- 76 
18- 71 
12.05 
6.81 
3.03 

-86 
-00 

-00 

85.384 
69.100 
52.291 
44.13B 
35.764 
2 7 . m  
18- 160 
9.1148 

.00 

.a 
-00 
-00 

-[)O 



2.2.2.2 Albedo a d  Plancwry Flux 

The albecb and planetary flux was calculated far the ame shcm in figure 4. 

Three cases wert M with DIACC set eqwl @ 0.25, 0.10 and 0.01 for tkse  
cases. For Wis am, the orbit angle (8) and the orbit inclination (8) are 
both 8. Table VI g l r a  a -ry of the data for alkdo and planetary flux 

for these three accuracy factors. The analytical values, the calculated values, 
a d  the nukr of plamtary ela#rts used in the calculations are given in 

Wble VII for albedo flux Md i n  table VIII for planetary flux- 





2.2.2.2.1 Case 1 DIACC = 0.25 

The f i r s t  case was run with DlACC set equal to the default value o f  0.25. 

The tuber of elements placed upon the surface nodes was e i ther  9 or  12. The 
n-r of planetary elements ranged from 52 f o r  4 = 0' thrwgh = 8 9  to 
1 U  f o r  = 16!? through + = 180'. 

2 The largest error f o r  albedo f l ux  was 2.4 Btu/hr-ft f o r  t$ = 135'. The f l ux  
L 

calculated analyt ical ly r3s 777. B t ~ h r - f t L  and the f lux  calculated by the 
2 2 progrm was 80.2 Btuf h r - f t  . The average error was 1 -15 Btu/hr-ft  . 

2 The greatest error i n  the planetary f lux calculations was 1.1 Btu/hr-ft f o r  

+ = 139.  The analytical flux was 45.4 Btuihr- f t2 and the calculated f l ux  
2 was 46.5 B U h r - f t  . The average error was 0.56 B ~ h r - f t 2 .  

2.2.2.2.2 Case 2 DIACC = 0.10 

The second case was run with the accuracy factor lawered to 0 -10. The number 

of elemnts placed upon the surface nodes was ei ther 9 o r  12. The mini- 
nmber of planetary elements used was 52 fo r  t$ = 0' through Q = 55' and the 
maxi- maw was 355 fo r  Q = 1 SO' through = 180'. 

2 The greatest error f o r  the albedo f lux  was 1.3 Btu lhr- f t  a t  + = SO0, @ = 175' 

and + = 180'. A t  $ = 50'. the f lux  calculated analyt ical ly was 23.8 B tu lh r - f t  i 
2 and the f l u x  calculated by the program was 22.5 Btu lh r - f t  . The average error 

2 was reduced to  0.66 Btu/hr-ft  . 
2 The largest error f o r  planetary f lux  dropped t o  0.9 Btu lhr- f t  and occurred 

2 a t  + = 40'. The analytical value *as 11.5 Btu:hr-ft while the calculated 
2 2 value was 10.6 Btu lhr- f t  . The average error improved t o  0.33 Btu lhr- f t  . 

The computer time used i n  th i s  run was 5.3 percent greater than the time used 

i n  the previous case. The amount o f  computer time used i n  the albedo and 
planetary f l ux  calculations increased by 34.7 pe&ent over the defaul t case. 



2.2.2.2.3 Case 3 OIACC = 0.01 

For the th i rd  case OIACC. was lowcxd t o  0.01. The nuber o f  elements placed 

upon the surface nodes was 12 for a1 1 orientations. The maher o f  planetary 

e l a n t s  r a m  from 112 for  + = 0' t o  355 a t  $ = 45' through + = 180'. 

2 The largest error for  albedo flu remained a t  1.3 Btu/hr-ft a t  4 = 1 7 9  
2 and + = 180°. A t  $ = 175'. the analytical f lux  was 91 -2 Btulhr-f t  and the 

2 calculated f lux was 92.5 Btu/hr-ft . The average error was reduced to 0.59 
2 Btu/hr-ft . 

For planetary flux, the m a x i u  error occurred a t  $ = 40' and u s  reduced to 
2 2 0.7 Btulhr-ft . The f lux  calculated using eq. (10) was 11.5 Btu/hr-ft while 

2 the f lux calculated by the program was 10.8 Btu/hr-ft . A small reduction 
2 was s m  i n  the average error which dropped to  0.28 Btu/hr-ft . 

The arount o f  computer time used i n  this run increased by 12.9 percent over 

the default case. The amount o f  conputer time used i n  the albedo and plane- 

tary f lux calculations was 83.3 percent greater than the time used i n  the 

default case. 



TABLE V I I .  - ALBEDO FLUX TO CONE (LARGE NODE) 

Angle($) 

180° 
175 
170 
165 
160 
1 55 
150 
145 
140 
135 
130 
125 
120 
115 
110 
105 
100 
95 
90 
85 
80 
7 5 
70 
65 
60 
55 
50 
45 

Analytical 
f lux 

(~ tu /hr - f t2 )  

91.4 
91 -2  
90.7 
89.8 
88.5 
87.0 
85.1 
83 .O 
80.5 
77.8 
74.9 
71.8 
68.6 
65.2 
61 - 8  
58.3 
54.7 
51 -2  
47.6 
44.2 
40.8 
37.6 
34.4 
31.4 
28.5 
25.9 
23.8 

l 2 1 . 1  
40 
35 
30 
25 
20 
15 
10 

. 
Case 3 

(Planetary 
elements) 
(Btu/hr-ft ) 

92.7 (355) 
92.5 (355) 
91 -9 (355) 
91 -0  (355) 
89.7 (355) 
88.1 
86.2 
84.0 (355) 
81 -4 (355) 
78.6 (355) 
75.6 (355) 
72.5 (355) 
69.1 (355) 1 
65.7 (355) 
62.1 (355) 
58.4 (355) 
54.8 (355) 
51.2 (355) f 47-6 (355) i 
44.1 (355) 1 
40.6 (355) i 
37.2 (355) 
34.0 (355) 1 
31.0 (355) i 
28.2 (355) 1 
25.5 (355) 
22.9 (355) 
20.6 (355) 

Calculated f lux 

19.1 
17.4 
15.6 
14.3 
13.3 
12.2 
11.7 

18.6 (293) 
16.8 (220) 
15.2 (206) 
13.9 (17;) 
;2.8 (139) 
11.9 (136) 
11.2 (134) 
10.8 (114) 
10.6 (112) 

Case 1 
(Planetary 
elements) 
(Btu/hr-ft ) 

93.5 (144) 
93.4 (144) 
92.8 (144) 
91 - 9  (144) 
90.6 (139) 

18.2 (52) 
16.3 (52) 
14.6 (52) 
13.5 (52) 
12.6 (52) 
11.9 (52) 
11.4 (52) 
11.1 (52) 
10.8 (52) 

5 11.3 
0 1 11.2 

* - 

1 

Case 2 
(PI anetary 
e laents )  2 
(Btu/hr-ft ) 

92.7 (355) 
92.5 (355) 
91.9 (355) 
91 - 0  (355) 
89.7 (355) 
88.1 

18.2 (52) 
16.3 (52) 
14.6 (52) 
13.5 (52) 
12.6 (52) 
11.9 (52) 
11.4 (52) 
11.1 (52) 
10.8 (52) , 

I 

2: 86.2 [:::I 
84.5 (136) ! 84.0 (351) 
81.9 (133) 
80.2 (114) 
77.1 (112) 
73.8 (105) 
70.2 (105) 
66.4 (98) 
62.8 (95) 
59.1 (93) 
56.4 (74) 

81.4 (345) 
78.5 (303) 
75.5 (293) 
72.3 (288) 
69.1 (233) 
65.6 (220) 
62.0 (210) 
58.3 (206) 
55.0 (179) 

52.3 (71) 
48.2 (66) 
44.4 (52) 
40.7 (52) 
37.4 (52) 
34.2 (52) 
30.8 (52) 
27.7 (52) 
24.9 (52) 
22.5 (52) 
20.4 (52) 

t 51.2 (144) 
47.6 (136) 
44.0 (112) 
40.5 (105) 
37.1 (98) 
33 - 8  (95) 
31 -0  (72) 
28 :2 (69) 
24.9 (52) 
22.5 (52) 
20.4 (52) 



TABLE VI I I. - PLANETARY nux TO CONE (LARGE NODE) 

1 

Angle($) 

180° 
175 
170 
165 
160 
155 
150 
145 
14@ 
135 
130 
125 
1 20 
11 5 
110 
105 
1 00 
9 5 
90 
85 
80 
75 
7 0 
65 
60 
55 
50 
45 
40 
3 5 
30 
2 5 
20 
15 
10 
5 
0 

* 

Analyt ical 
f l u x  

( ~ t u / h r - f t 2 )  

53.3 
53.2 
52.9 
52.4 
51.7 
50.7 
49.7 
48.4 
47 -0  
45.4 
43.7 
41 -9 
40.0 
38.1 
36.1 
34.0 
31 -9 
29 -9 
27 -8 
25.8 
23 -8 
21 -9 
20.1 
18.3 
16.7 
15.1 
13.7 
12.4 
11 -5 
10.1 
9.2 
8 -4 
7.7 
7.2 
6.9 
6.6 
6.6 

Calculated f l u x  

Case 1 
1 

(Planetary 
e l a t s )  
. (~ tu /h r - f  t ) 

54.2 (144) 
54.1 (144) 
53.8 (144) 
53.2 (144) 
52.5 (139) 
51.5 (137) 
50.3 (136) 
49.0 (136) 
47.5 (133) 
46.5 (114) 
44.7 (112) 
42.7 (105) 
40.7 (105) 
38.5 (98) 
36.4 (95) 
34.3 (93) 
32.7 (74) 
30.3 (71) 
27.9 (66) 
25.7 (52) 
23.6 (52) 
21 -7 (52) 
19.8 (52) 
17.9 (52) 
16.1 (52) 
14.5 (52) 
13.1 (52) 
11.8 (52) 
10.6 (52) 
9.45 (52) 
8.48 (52) 
7.82 (52) 
7.33 (52) 
6.94 (52) 
6.64 (52) 
6.42 (52) 
6.29 (52) 

I 

Case 2 i Case3 
(Planetary 
elements) 
(Btu/hr-ft  ) 

53.7 (355) 
53.6 (355) 
53.3 (355) 
52.7 (355) 
52.0 (355) 
51.1 (355) 

(Planetary 
elements) 
(Btu/hr-ft  ) 

53.7 (355) 
53.6 (355) 
53.3 (355) 
52.7 (355) 
52.0 (355) 
51.1 (355) 

50.0 (355) 1 50.0 (355) 
48.7 (351) 
47.2 (345) 
45.5 (303) 
43.7 (293) 
41.9 (288) 
40.0 (233) 
38.0 (220) 
35.9 (210) 
33.8 (206) 
31.9 (179) 
29.7 (144) 
27.6 (136) 
25.5 (112) 
23.5 (105) 
21.5 (98) 
19.6 (95) 
18.0 (72) 
16.3 (69) 
14.5 (52) 
13.1 (52) 
11.8 (52) 
10.6 (52) 
9.45 (52) 
8.48 (52) 
7.82 (52) 
7.33 (52) 
6.94 (52) 
6.64 (52) 
6.42 (52) 
6.29 (52) 

48.7 (355) 
47.2 (355) 
45.5 (355) 
43.8 (355) i 
42.0 (355) i 
40.1 (355) 
38.1 (355) 
36.0 (355) 
33.9 (355) 
31.8 (355) 
29.7 (355) 
27.6 (355) 
25.6 (355) 
23.5 (355) 
21.6 (355) 
19.8 (355) 
18.0 (355) 
16.3 (355) i 
14.8 (355) 
13.3 (355) 
12.0 (355) 1 
10.8 (293) j 
9.73 (220) 
8.84 (206) 1 
8.07 (171) 
7.42 (139) 1 
6.90 (136) 1 
6.51 (134) 1 
6.26 (114) 
6.15 (112) / 

- 



The solar f l u x  calculations f o r  the cone divided in to  -11 sections, con- 

figuration 1, are exact. When the angle subtended by a conical node was 

increased, configuration 2, the error also increased. This occurs because 

the nrslber o f  surface elements used i n  the calculation o f  solar f lux  i s  the 

sane regardless o f  the size o f  the conical node. 

Lowering the accuracy factor f r o m  0.25 t o  0.10 improves the albedo and plane- 

ta ry  f l ux  calculations without an appreciable increase i n  the computer time. 

A continuing decrease i n  the accuracy factor from 0.10 to 0.01 w i l l  use a 

large m u n t  o f  computer time while making only small changes i n  the calcu- 

latxd fluxes. 

2.3 DIRECT I RRAD I AT I (IN TO CIRCULAR PARABOLO I D  

The solar, albedo, and planetary f l ux  were calculated fo r  two dif ferent con- 

figurations o f  a c i rcu lar  paraboloid. I n  the f i r s t  configuration, the c i r -  

cular paraboloid was divided i n to  many swall nodes. I n  the second confSgura- 

t ion  each node was one-quarter o f  a c i rcu lar  paraboloid. 

2.3.1 CONFIGURATION 1 

Half a c i rcu lar  paraboloid was divided in to  36 equal nodes and was located 

along the earth-sun 1 ine a t  an a1 t i tude o f  100 mi. as shown i n  figure 5. 

The focal point (F) i s  2.5 ft. The a l t i tude o f  the c i rcu lar  paraboloid i s  

2.5 ft. 



Figure 5. - Circular paraboloid - small nodes 
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Each node i s  divided in to  many small elements f o r  the f l ux  calculations. 

The f l u x  t o  each o f  these s m l l  elements i s  approximately equal to the f l u x  

t o  a rectangle tangent t o  the element a t  the midpoint. The f l ux  t o  each node 

i s  calculated by integrating over i t s  ent i re surface area. 

The angle between the normal t o  each element and the sun's rays i s  

6 = cos-' (cos I$ cos 9) 

The solar f lux  to  each element from eq. (4) i s  

4, = S-cos s = S-cos ( cos $ 

The solar f l ux  to each node i s  

The albedo f l ux  t o  each element from eq. (2) i s  

9 a 
= AE-S-F (6) cos 0 cos 8 

P 

The albedo f l ux  to  each node i s  

The planetary f lux ta each e lemnt  f r c m  eq. (3)  i s  



The planetary f l ux  t o  each node i s  

2.3.1.1 Solar Flux 

The solar f l u x  was calculated to the c i r cu la r  paraboloid shown i n  f igure 5. 

Each node was divided i n t o  nine elements. 

The solar f l u x  calculated by the program was 1.3 percent greater than the 

f luxes calculated analy t ica l ly  f r o m  eq. (11). The largest  error  was 3.22 
2 2 Btu/hr- f t  a t  node 1. The average error was 2.03 Btu/br- f t  . The analyt ical  

and calculated solar f l u x  are shown i n  table I X .  



TABLE I X  . - SOLAR FLUX TO CIRCULAR PARABOLOID (SHALL NODES) 

Calculated 
1 

so la r  f 1 ux2 I 
(Btu/hr- f t  ) 

245.66 

243.79 

240.07 

234.52 

227.18 

218.1 1 

207.39 

195.08 

181 -30 

166.13 

149.69 

132.12 

113.54 

94.101 

73.943 

53.222 

32.096 

10.726 

0.0 

0.0 

I 
I 

- 

Node 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

36 

t 

A n a f y t i c a :  
so lar  f lux  
(0tu lhr- f  t2) 

242.44 

240.60 

236.92 

231.44 

224.20 

21 5.25 

204.67 

192.53 

178.92 

163.95 

147.73 

130.39 

112.05 

92.87 

72.97 

52.52 

31.68 

10.59 

0.0 

0.0 

I 
1 I 



2.3.1.2 Albedo and Planetary Flux 

The albedo and planetary f l u x  was calculated f o r  the c i r cu la r  paraboloid shown 

i n  f igure 5. Three cases were run wi th  the accuracy fac tor  set  eqtral t o  0.25, 

0.10 and 0.01. The o r b i t  angle (9) and the o r b i t  i nc l ina t ion  (0 )  are both 0' 

f o r  the c i r cu la r  paraboloid. 

A sumnary of the data f a r  albedo and planetary f l u x  f o r  these three accuracy 

factors are shown i n  tab le  X. Table X I  shows the analyt ical  values, the ca l -  
culated values, and the nuRlber o f  planetary elements used i n  the albedo f l u x  

calculations. For the planetary f l u x  calculations, the analyt ical  f luxes, 

the calculated fluxes and the number o f  planetary elements used are shown i n  

tab le  X I I .  



TABLE X .  - ALBEDO AND PLANETARY FLUX TO CIRCULAR PARABOLOID (SMALL NODES) 

I 
factor E::" 

1 0.10 

I 

Elomeil s 

Planet Node 

A1 bedo 

Largest error Average error  
( ~ t u / h r - f l 2 )  ( ~ t u l h r - f t 2 )  

- 

52- 136 

52- 355 

9 

9 

Planetary 

Largest error Average error 
( ~ t u / h r - f t 2 )  ( ~ t u / h r - f t * )  

O . o l 2 0 7 - 3 5 5  1 9 

Computer t ime 

Total (%) Calc(%) 

3.4 

1 .6  

1 .5  
i 

--- 
+19.8 

446.6 ,78 0.6 

-- - 
+31.4 

+83.9 

0.72 

0.51 

0 .39  



2.3.1 -2.1 Case 1 DIACC = 0.25 

The i%t case was run wi th PIACC set -1 to the Cefault value o f  0.25. T k  

nrber o f  e l r t s  placed upon thc surface nodes was 9. The nukr of planetaw 

elements ranged fmm 52 f o r  nods 1 through 18 to 136 f o r  nodes 34 through 36. 

The largest error i n  +he albedo flu calculations ms 3.4 8tu/hr-ft2 a t  node 
2 31. The f lux  calculated using eq. (12) was 79.9 I tu/hr- f t  and the f l ux  cal- 

9 
culated by the program was 83.3 Btu/hr-ft'. The average error was 1.43 Btu/ 

hr-f t 2 

2 For the planeta y f l u x  the greatest error was 1 -6 Btu/hr-ft a t  node 31. The 

value calculated using eq. (13) was 46.6 8tu/hr-ft2 and the f lux ca lcu lat ld  

by tke progtau was 48.2 Btu/hr-ft2. The average smr was 0.72 Btulhr-f t2. 

2.3.1.2.2 Case 2 DIACC = 0.10 

For the second case, DIACC was set equal t o  0.10. The nubz r  o f  elements 

placed upon tlre surface nodes was 9. The m i n i m  mder of planetary el-ts 

used i n  the program was 52 f o r  nodes 1 through 12. The a a x i u  mder  cf 

planetary elements used was 355 f o r  node 36. This was the a a x i u  mmber of 

planetary elements a1 lowed by the program f o r  t h i s  a1 titude. 

7 
The largest error f o r  albedo flux was reduced to  1.6 Btulhr-ft ' and occurred 

2 a t  node 12. The analytical value was 29.2 Btu/hr-ft and the calculated value 
2 2 was 27.6 Btu/hr-ft . The average error dropped to  0.97 Btu lhr- f t  . 

2 The greatest error i n  the planetary f lux calculat iom was 1.0 Btu lhr- f t  a t  

nodes 11 and 12. A t  node 11, the anal jtiial f l u x  was 15.8 Btuiar- f tZ and the 
2 cblculated value was 14.8 Btu lhr- f t  . The average error was reduced to 0.51 

2 Btulhr- f t  . 

The amount o f  computer time used i n  th is  run was 19.8 percent greater than the 

amount o f  time used i n  the previous run. The amount o f  time used i n  the albedo 

and planetary f lux  calculations was 31.4 percent g .eater than the time used i n  

the previous run. 
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2.3.1-2.3 Case 3 DIAU: = 0.01 

fht third case uas M with O W  lawcrcd to 0.01. Each surFact nodt u s  di-  

vi- *%to n i n  elam&. The nudct of planetary e l ~ t s  ranged f m  207 
fcr node 1 to 355 for mks 10 through 36 

The 1m)cst crra for albedo flux u s  1.5 ~tu/hr-f t2  for ndcs 34 awJ 36. For 

nod+ 34, the flux ulcu1aW imlytically was 83.6 6tu/hr-ft2 while the flux 
2 calculated by the program was 85.1 Btu/hr-ft - The average cnor was redwed 

0 0.78 lh/t-ft2. 

Fa planetary flux. the greatest error u s  lorcrcd to 0.6 8tu/hr-ftZ a t  mks 
2 1, 2, and 36. The analytical flux uas 9.3 Itu/hr-ft and the calculated flax 

2 2 uas 8.7 Btu/hr-ft a t  node 1, The average error droppel to 0-39 Btu/hr-ft . 

The a n t  of oorplter t i p  for this run was 46.6 percent greater than the 

time for the default case. The a c u n t  of cqmte r  ti- used i n  the albedo 
and planetary f lux calculations was 83.9 percent greater than the amount tf 

tire used in the default case. 



TABLE XI. - ALBEDO FLUX TO CIRCUIM PARMILOID (smtL N O E S )  

- 

IWe 

36 
35 
34 
33 
32 
31 
30 
29 
28 
27 

Analytical 
flux 

(~tu/hr-ft2) 

84.6 
04.3 
83.6 
82-7 
81 -4 
79-9 
i8.1 
76.1 
73.9 
71 -5 
68.9 
66.2 
63.3 
60.5 
57 -4 
54.4 
51 -3 
48.3 
45.3 
42.3 
39.5 
36.7 
34.1 
31 -6 
29.2 
27 -0 
25.0 
23.2 
21 -6 
20.2 
18.9 
17.9 
11.1 
15.5 
16.1 
15.9 

4 

26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 

i 

J 
Case 1 

(Planetary 
e l a n t s )  
(Btulhr-ft ) 

86.9 (136) 
86.6 (136) 
85-8 (136) 
84.7 (134) 
83-4 (134) 
b3.3 (114) 
81.3 (112) 
79.0 (108) 
76.5 (105) 
33.7 (105) 
30.7 (98) 
67.5 (98) 
64.2 (95) 
61 -0  (93) 
59.0 (77) 
55-6 i72) 
52.1 (69) 
48.9 i66) 
4 is) 
42.0 (52) 
38.8 (52) 
35.8 (52) 
32.9 (52) 
30.0 (52) 
27.6 (52) 
25.5 (52) 
23.7 (52) 
22.2 (52) 
20.7 (52) 
19.3 (52) 
18.0 (52) 
17.0 (52) 
16.2 (52) 
15.6 (52) 
15.1 (52) 
15.0 (52) 

Calculated flux 

Case 2 
(PI anetary 
e l a n t s )  
(BWhr-ft ) 

86.1 (355) 
85.7 (351) 
8 5 1  (351) 
84.1 (349) 
82.8 (345) 
81.3 (338) 
79.3 (300) 
77.2 (293) 
74.8 (288) 
72.5 (233) 
69.8 (223) 
66.9 (220) 

Case 3 
(Pi amtary 
elercnts) 
(8tu/hr-ft ) 

86.1 (355) 
85.7 (355) 
85.1 (355) 
84.1 (355) 
82.8 (355) 
81 -3  (355) 
79.4 (355) 
77.3 (355) 
74.9 (355) 
72.4 (355) 
69-7 (355) 
66.9 (355) 

63.9 (210) 
60.7 (206) 
57.6 (179) 
54.4 (170) 
51.0 (137) 
47.8 ( I N )  
44.7 (112) 
41.7 (105) 
38.5 (98) 
35.6 (95) 
32.8 (72) 
30.2 (69) 
27.7 (52) 
25.5 (52) 
23.7 (52) 
22.2 (52) 
20.7 (52) 
19.3 (52) 
18.0 (52) 
17.0 (52) 
16.2 (52) 
15.6 (52) 
15.1 (52) 
15.0 (52) 

: I:::; I 
57.6 (355) 
54.4 (355) 
51 -3  (355) 
48.1 (355) 
44.9 (355) 

- 41 -9  (355) 
39.0 (355) 
36.2 (555) 
33.6 (355) 
31.1 (355) 

: [:::I 
24.4 (355) 
22.5 (351j 

19.4 (288 20*8 
18.0 (223) 
17.0 (223) 
16.2 (219) 
15.6 (210) 
15.2 (21C) 
15.0 (207) 



Rode 

36 
35 
3E 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 

i 

Analytical 
flux 

(Btu/hr-ft2) 

49.3 
49.2 
48 -8 
48.2 
47.5 
46.6 
45.6 
44.4 
43.1 
41 -7 
40.2 
38.6 
36.9 
35.2 
33.5 
31 - 7  
29.9 
28.2 
26.4 
24.7 
23.0 
21 -4 
19.9 
18.3 a 

17.0 
15.8 
14 -6 
13.5 
12.6 
11.8 
11 - 0  
10.4 
10.0 
9.6 
9.4 
9.3 

1 

Case 3 
(Planetary 
elemeWs) 
(8tuhr-ft2) 

49.9 (355) 

:;:: [:::I 
48.7 (355) 
48.0 (355) 
47.1 (355) 
46.0 (355) 
44.8 (355) 
43.4 (355) 
42.0 (355) 

: [iS:i 
37.0 (355) 
35.2 (355) 
33.4 (355) 
31.6 (355) 
29.7 (355) 
27.9 (355) 
26.1 (355) 
24.3 (355) 
22.6 (355) 
21.0 (355) 
19.5 (355) 
18.0 (355) 
16.7 (355) 
15.3 (355) 
14.1 (355) 
13.0 (351) 
12.1 (305) 
11 -3 (288) 
10.5 (233) 
9.90 i223) 
9.41 (219) 
9.04 (210) 
8.80 (210) 
8.70 (210) 

Case 1 
(Planetary 
elaents)  2 
(Btu/hr-ft ) 

50.4 (136) 
50.2 
49 -7 [ 
49.1 (134) 
48.3 (134) 
48.2 (114) 
47.1 (112) 
45.8 (10s) 
44.3 (105) 
42.7 (105) 
41 - 0  (98) 
39.1 (98) 
37.2 (95) 
35.4 (93) 
34.2 (77) 
32.2 (72) 
30.2 (69) 
28.4 (66) 
26.4 (52) 
24.4 (52) 
22.5 (52) 
20.8 (52) 
19.1 (52) 
17.4 (52) 
16.0 (52) 
14.8 (52) 
13.8 (52) 
12.9 (52) 
12.0 (52) 
11.2 (52) 
10.5 (52) 
9.89 (52) 
9.40 (52) 
9.04 (52) 
8.79 (52) 
8.69 (52) 

Calculated flux 

Case 2 
(Planetary 
e l s m t s )  2 
(Btu/hr-f t ) 

49.9 (355) 
49.7 
49.3 [ 
48.7 (349) 
48.0 (345) 
47.1 (338) 
46.0 (300) 
44.7 (293) 
43.4 (288) 
42.0 (233) 
40.5 (233) 
38.8 
37.0 
35.2 (206) 
33.4 (179) 
31.5 (170) 
29.6 (137) 
27.7 (134) 
25.9 (112) 
24.2 (105) 
22.4 (98) 
20 .? (95) 
19.0 (72) 
17.5 (69) 
16.0 (52) 
14.8 (52) 
13.8 (52) 
12.9 (52) 
12.0 (52) 
11 -2  (52) 
10.5 (52) 
9.89 (52) 
9.40 (52) 
9.04 (52) 
8.79 (32) 
8.69 (52) 



The second canf igurat im was for a node which was one-qwrter o f  a circular 

paraboloid. This node was located along the earth-sun l i n e  as shown i n  f i g -  

ure 6. The orientation i s  defined as the angle to the midpoint o f  the node 

( )  The node was rotated from + = 0' (facing the sun) to @ = 180' (facing 
the earth) i n  5' increments. The c i rcu lar  paraboloid was located a t  an a l t i -  

tude of 100 r r f .  The focal point (F) i s  2.5 ft. and the a l t i tude o f  the c i r -  

cular paraboloid i s  2.5 ft. 



Figure 6. - Circular paraboloid - large node 
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For this mde (01 = +4!? and ( o ~  = #+4?. The solar flux to the node as cal- 
culated from eq. (11) i s  

cos (O cos # dg 

The albedo flux to the node fm eq. (12) i s  

The planetary flux to  the node from eq. (13) i s  



2.3.2.1 Solar Flux 

The solar f l ux  was calculated to the c i rcu lar  paraboloid shown i n  f igure 6. 

Nine elements were placed on the npde f o r  each o f  the orientations. 

2 The largest error i n  the solar f l u x  occurred a t  $I = 0' and was 5.45 Btu/hr-ft  . 
2 The calculated value was 224.00 Btu/hr-ft  and analyt ical ly from eq. (14) the 

2 value should be 218.55 ~ tu /h r - f t 2 .  The average error  was 2.92 Btu/hr-ft . 
Table XI11 gives the analytical values and the calculated values. 



TABLE XIII . - SOLAR nux TO CIRCULAR PARABOLOID (LARGE NODE) 

Angle (4) 

o0 
5 

10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
7 0 

Analytical 
sol a r  f 1 u x p  
(Btulhr-ft ) 

218.55 
217.72 
215.23 
211.10 
205.37 
198.08 
189.27 
179.03 
167.42 
154.54 
141 -07 
127.70 
114.54 
101.68 
89.23 

Ca1 cul ated 
solar fl ux2 
(Btulhr-ft ) 

224.00 
223.14 
220.60 
216.37 
210.49 
203.01 
193.99 
183.49 
171.59 
158.39 
143.98 
128.48 
112.00 
101 -81 
90.849 
79.195 
66.939 
54.173 
40.995 
34.650 
28.042 
21.220 
14.237 
7.1458 
0.0 
0.0 
0.0 
0.0 

0.0 

1 

75 I 77.27 
80 
85 
90 
95 

100 
105 
110 
115 
120 
125 
1 30 
135 

180 

65.30 
55.20 
45.26 
36.16 
27.95 
20.70 
14.48 
9.32 
5.27 
2.35 

.59 

. 00 

-00 



2.3.2.2 Albedo and Planetary Flux 

The albedo and planetary f lux was calculated for the c i rcu lar  paraboloid shown 

i n  f igure 6. Three cases were run with the accuracy factor set equal to  0.25, 

0.10, and 0.01. The o r b i t  awl@ (6) and the o r b i t  incl inat ion (6) are both 

0' f o r  th is  surface. Table X I V  gives a sunary o f  the data fo r  albedo and 

pldnetary flux f o r  the three accuracy factors. The analytical fluxes, the 

calculated fluxes, and the nmber o f  planetary elements used i n  the calcula- 

tions are given i n  table XV f o r  albedo f lux  and i n  table X V I  f o r  planetary f lux.  
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2.3.2.2.1 Case 1 DIACC = 0.25 

DIACC was set  equal t o  the default value o f  0.25 f o r  the f i r s t  case. The node 
was divided in to  ei ther s i x  o r  nine elements f o r  the d i f fe ren t  orientat ions. 
The number o f  planetary elunents ranged from 52 fo r  $ = 0' through $ = 85' t o  

133 for $ = 170' thmugh) = 180'. 

2 The greatest error  f o r  albedo f l u x  was 3 . 7  Btu lh r - f t  a t  I$ = 165'. The f l ~ x  
2 calculated analy t ica l ly  using eq. (15) was 79.3 B tu lh r - f t  and the f l ux  cal- 

2 culated by the program was 83.0 B tu lh r - f t  . The average er ror  was 1.61 Btu/ 
2 h r - f t  . 

2 For planetary f lux,  the largest  error  was 1.8 Btu/hr- f t  a t  @ = 160' and 
2 4 = 165'. A t  $ = 160°, :he analyt ical  f l u x  was 45.7 Btu/hr- f t  and the cal- 

2 culated f l ux  was 47.5 ~ t u / h r - f t 2 .  The average f l ux  error was 0.53 Btu/hr - f t  . 



2.3.2.2 Case 2 DIACC = 0.10 

For t h i s  case, the accuracy fac tor  was reduced t o  0.10. The number o f  e le-  

ments placed upon the surface node was e i the r  s i x  or  nine. The number. o f  

planetary elements used ranged fnwn 52 f o r  $I = 0' through 0 = 45' t o  345 f o r  

$ = 180'. 

2 The l ~ r g e s t  er ror  f o r  albedo f l u x  dropped t o  1.8 Btu/hr- f t  a t  $I = 175' and 
2 $I = 180'. A t  I$ = 175O, the analyt ical  value was 80.4 Btu /hr - f t  and the ca l -  

2 culated value was 82.2 Btu/hr- f t  . The average er ror  was reduced t o  1.07 Btu/ 
2 h r - f t  . 

2 For planetary f lux ,  the greatest e r ro r  was reduced t o  0.9 Btu/hr- f t  and 

occurmd a t  @ = 20' and $ = 25'. The f lux calculated ana ly t i ca l l y  using 
2 eq. (16j was 11.8 Btu/hr- f t  and the f l u x  calculated by the program was 

2 2 10.9 B tu jh r - f t  a t  $I = 20'. The average e r ro r  dropped t o  0.56 Btu:hr-ft . 

The amount o f  computer time used i n  t h i s  run was 13.1 percent greater than 

the amount o f  time used i n  the defaul t  case. The amount o f  time used i n  the 

a1 bedo and planetary f l u x  calculat ions was 35.3 percent greater than the time 

used i n  the defaul t  case. 

2.3.2.2.3 Case 3 DIACC = 0.01 

For the t h i r d  case, DIACC was lowered t o  0.01. The number o f  surface eiements 

was s i x  f o r  a l l  or ientat ions. The minimum number o f  planetary elements was 

230 f o r  9 = 0' and $ = 5' and the maximum number was 355 f o r  + = 35' through 

4 = iaoo. 

2 The greatest er ror  f o r  albedo f l ux  remained 1.8 Btu /hr - f t  and occurred a t  

@ = 175' and 0 = 180'. A t  @ = 1 7 5 ~ .  the analyt ical  f l u x  was 80.4 B tu lh r - f t  2 

and the calculated f l u x  was 82.2 ~ t u j h r - f t 2 .  The average er ror  was reduced 

t o  0.95 8tu/hr- f t2.  



2 The ma~imum error f o r  planetary f l u x  was 0.8 Btu/hr-ft  a t  ) = lo0. The 

analyt ical  f l ux  was 11.1 ~ t u l h r - f t 2 .  and the calculated f l ux  wds 10.3 Btu l  
2 2 h r - f t  . The average e r rc r  dropped t o  0.49 Btu/hr- f t  . 

Lowering the accuracy f a c w r  to  0.01 increaqed the alnount o f  computer time 

used i n  the run by 31.7 percent. The amount o f  computer time used i n  the 

i lbedo and planetary f l u x  calculations was 83.8 perceat greater than the time 

used i n  the f i r s t  case. 



TABLE xv. - ALBEDO nux TO c r m w  ~mmnoro (URGE noor) 

Angle 

Analytical 
fl wr 

(~tu/hr/ ft2 

case 1 , (Planetary 
e l a a t s )  
(6tUbrft 1 

Calculated flux 

case 2 
(Planetary 
elements) 
(Btu/hr-ft ) 

Case 3 
(Planetary 
e l c a t s )  * 
(Btu/hr-ft 



TABLE XVI. - P ! ! A R Y  FLUX TO CIRCUAR PARBOLOID (LARGE 110#) 

I 

Analytical 

Calculated flux t 

i 

flux 
w e  ~str~t-r t~)  -- 

47.0 

1 70 4G.7 
165 r 46.3 

Case 1 
(Plure€ary 
e l a a t s )  
( ~ ~ h r - f t  ) 

160 
155 
1SG 
145 
140 
1 35 

45.7 
45.0 
44.2 
43.3 
42.2 
41 -0 

Case 2 
(Planetary 
e l s a t s )  

Case 3 
(Planetary 
e l a n t s )  

i 

139 
125 

(~tu/ht-ft ) (~tu/hr-ft  ) 

47.7 (355) 
47-6 (355) 
47.3 (355) 
46.9 (355) 
46.4 (355' 
45.7 (3551 
44.8 (355) 
43-8 (355) 
42.7 (355) 
41 -4 (355) 
40-1 (355) 
38-7 (355) 
37.2 (355) 
35-6 (355) 
34.0 (355) 
32-3 (355) 
30.7 (355) 
29-1 (355) 
27.4 (355) 
25-8 (355) 
24.2 (355) 
22-6 (355) 
21.1 (355) 
19.7 (355) 
18.4 (355) 
!7.1 (355) 
15.9 (355) 
14.9 (355) 
13.9 (355) 
13.0 (355) 
12.3 (349) 
11 -6 (300) 
1; 1 (288) 
10.7 (256) 
10.3 (233) 
10.2 (230) 
10.1 (230) 

39 -8 
38.4 

48.1 (133) 1 47.7 (345) 
48.0 (133) 47.6 (338) 
47.7 {133) 47.4 (338) 
48.1 (114) 
47-5 (114) 
46.7 (112) 45.6 (300) 
45.7 (112) 44.8 (293) 
44.7 (107) 43.7 (288) 
43.4 (105) 42.6 (2851 
1 (105) 41 -5  (233) 

40.1 (230) 
39.2 (98) 
37.6 (95) 
33-0 (95) 
35-1 (78) 
33.2 (72) 
31 -3 (72) 
29.5 (69) 
27.7 (66) 
26.0 (52) 
24.3 (52! 
22.7 (52) 
21.2 (52) 
19.8 (52) 
18.3 (52) 
17.0 (52) 
15.8 (52) 
14-7 (52) 
13.7 (52) 
12.9 (52) 
12.1 (52) 
1 1 4  (52) 
10.9 (52) 
10.6 (52) 
1 0 .  (52) 
10.2 (52) 
10.1 (52) 

37.2 (216) 
35.6 (207) 
34.1 (180) 
32.4 (176) 
30.6 (144) 
28.9 (136) 
27-3 (134) 
25-6 (112) 
24.0 (105) 
22-5 (*) 
21 -0 (95) 
19-6 
18.2 
16.9 (69) 
15.7 (66) 
14.7 
13.7 
12.9 (5zj 
12.1 (52) 
11.4 (52) 
10.9 (52) 
10.6 (52) 
10.3 (52) 
10.2 (52: 
10.1 (52) 

120 
115 
11 0 
10s 
100 
95 
90 
85 
80 
75 
70 
65 
60 
55 
50 
45 
40 
35 
30 
25 
M 
15 
10 
5 
0 

I 37.0 
35.5 
33.9 
32.4 
30.8 
29.2 
27.6 
26.1 
24.5 
23.0 
21.6 
20.2 
18.9 
17.7 
16.5 
15.5 
14.5 
13.7 
12.9 
12.3 
11.8 
11.4 
11.1 
10.9 
10.8 



A far significant errors occur i n  the solar flux calculations for  a circular 

paraboloid. For tk -11 node cortr'iguratim the calculated fluxes increased 

1.3 percent higher than the analytical valuer. Yhen the node size was in- 

creased, as i n  configurat:an 2, the e m r  varied from 2.5 perceret a t  the maxi- 

u k t i n g  orientation to s k i q  no heating on sow orientations a t  high 

0 angles. 

Lowering the accuracy factor from 0.25 to 0.10 irproves the albedo and plane- 

tary fluxes. A decrease i n  the accuracy factor to 0.01 frm 0.10 greatly  in- 

creases the arount o f  coquter time used but does cot change the calculated 

f l u e s  appreciably. 



From the resul ts o f  t h i s  study and that o f  reference 1, i t  i s  possible t o  

draw some genera 1 cone1 us ions. 

The calculated unshadmir?d solar fluxes are exact f o r  the planar surfaces, 

i .e.. rectangles, discs, and trspezoids. For cylinders and cones, the solar 

fluxes are exact when the surfaces are divided in to -11 nodes. As the 

angle subtended by the node increases, the error increases. The calculated 

solar heating rates fo r  spheres and c i rcu lar  paraboloids had sone signi f icant 

errors, especially when the nodal areas are large. 

An accwacy factor between 0.10 and 0.25 w i l l  give reasonable answers for 

unshadowed albedo and planetary f lux.  Accuracy factors greater than 0.25 

should be avoided because the errors are large without an appreciable savings 

i n  corputer tire. Lawering the accuracy factor below 0.10 improves the ans- 

wers by only a small amount but uses a large amount o f  coaputer ti= i n  doi $2: 

so. 

For surfaces not along the earth-sun 1 ine, the albedo f l ux  and the error w i  11 

be smaller since eitber the orbit angle !a) or the o r b i t  inc l inat ion (5) i s  

not 0'. The calculated planetary f l c r  w i l l  be the same fo r  any o r b i t  angle 
o r  o rb i t  incl ination. 
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