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This document constitutes the certification and verification 

of the Model NSC-01-0732 fresnel lens tracking solar collector. 

Section I1 represents the certification portion of this report. 

It consists of a certification statement with signatures from 

four independent professional engineers and a separate report 

on the structural analysis of .the collector system. Section I11 

presents the system verification against the Interim Performance 

Criteria's for commercial (Document No. 98M10001) and residential 

installations. Applicable paragraphs of the IPCss are indicated 

by matrices which immediately preceed the verification discussion, 

analysis, and test results. All test results are included'in this 

.report rather than a separate section. 



11. CERTIFICATION 



INTRODUCTION 

This document constitutes the certification of the Northrup ML 
Series Collector, Model NSC-01-0732. 

CERTIFICATION STATEMENT 

The ML Series concentrating Collector complies with the follow- 
ing national codes where applicable: 

Nat - 
of 

:ional Standard P1 Code, National Assoc 
g Contractors 1971. 

iat - 

nee 

' ',National Electrical Cude 1975 

Building Code ANSI A58.1-1972 
Applied to the Dallas/Ft.Worth Region 
For Installations less than 30 ft. above ground 

. . 

~iofesdionnl Engineer . . .  . 
. . . . .  . :  . . .  . .  . . . . . . . .  

. . . . .  
,,' ' .  

_ .  . . - .  . . 
I have reviewed the performance requirements,.testing . . . . . . .. . ' . I 1  _. . 
procedures, test facility, and data for the MI, Series . . - 
Concentrating Collector, Model NSC-01-732 under Con- 
tract No. NAS8-32251. I am able to certify that the 
.collector satisfies those requirements. .I-. 



3005 Hanover 
Dallase Texas 75223 
May 28, 1978 

M r .  Carl L. Jacobs 
Northrup, Incorporated 
302 Nichols Drive 
Hutchins,  Texas 75141 

Dear M r .  Jacobss 

A s  you requested i n  your l e t t e r  of A p r i l  20, 1978, and i n  
our  d i scuss ion  on May 2,  1978, a t  the  Northrup p l a n t ,  I 
have examined the s t r u c t u r a l  design of the  support ing 
system f o r  the  Northrup ML S e r i e s  C o l l e c t o r s ,  Model NSC-01-0732. 
My observat ions and eva lua t ion  of t h i s  system a r e  enclosed. 

I t  w a s  a pleasure t o  work on t h i s  p r o j e c t .  P lease  l e t  me know 
i f  you have ques t ions  o r  need a d d i t i o n a l  information.  

S ince re ly ,  

~ i j h n  Mohraz, Ph.D., P .E .  



EVALUATION OF THE STRUCTURAL DESIGN Oh' THE . 

NORTHRUP ML SERIES COLLECTORS 

MODEL NSC-01-0732 

A n a l y s i s  of t h e  Suppor t ing  System 

S e v e r a l  a n a l y s e s  of t h e  suppor t ing  system were c a r r i e d  o u t  

u s i n g  t h e  ACES (Ana lys i s  of C i v i l  Engineer ing s t r u c t u r e s )  computer 

program. The suppor t ing  s t r u c t u r e  w a s  i d e a l i z e d  as a combination of 

frame amd t r u s s  system s i n c e  i t  i s  b e l i e v e d  t h a t  . the connec t ions  

a t  t h e  upper ends of t he  sou th  brace  a s se~nb ly  and t h e  n o r t h  column 

assembly a r e  no t  comple te ly  ' r i g i d .  

. P o u r  s e p a r a t c  s o l u t i o n s  were ob ta ined  f o r  ' the  fo l lowing  

l o a d  c o n d i t i o n s t  

' .  a.  Dead l o a d  The a n a l y s i s  f o r  t h i s  l oad ing  c o n d i t i o n  w a s  c a r r i e d  

o u t  u s ing  the  l o a d s  provided by Northrup which a r e  based on t h e  

a c t u a l  weights  of t he  components. 

b .  Live l o a d  The a n l y s i s  f o r  t h i s  l oad ing  c o n d i t i o n  w a s  c a r r i e d  

o u t  based on a l i v e  load  of '15 pounds p e r  square  f o o t  ( p s f )  

which i s  the  minimum roof l i v e  l oad  s p e c i f i e d  by ANSI (Table  3 
A N S I  Afj8.1-1972). I t  i s  b e l i e v e d  t h a t  t h i s  l oad  i s  nlore 

a p p r o p r i a t e  t han  a l i v e  l o a d  of 4 .67 psf  (based on 1" t h i c k  .. 

i c e )  used by Northrup.  

c .  Wind load  Since 'it i s  conce ivab le  that t h i s  system may be 

marketed i n  l o c a t i o n s  o t h e r  t h a n  t h e  Da l l a s -F t .  Worth ' a r ea ,  

t h e  a n a l y s i s  f o r  wind load  was based  on a wind speed of 110 

* m i l e s  p e r  hour (mph) which i s  s p e c i f i e d  by ANSI f o r  t h e  

c o a s t a l .  a r e a s  of t h e  Gulf of Mexico, ( ~ i g u r e  2  ANSI ~ 5 8 . 1 - 1 9 7 2 ) ~  

r a t h e r  t han  a wind speed o f .  70 mph used by Northrup.  Using a 

wlnd speed of I10 mph, Exposure C which i s  s p e c i f i e d  by ANSI 

' f o r  f l a t  o?sr; coun t ry ,  open f l a t  c o a s t a l  be l - t s ,  and g r a s s l a n d s ,  

and a he igh t  of l e s s  t han  30 f e e t ,  a wind p r e s s u r e  of 46 psf  

(Table 6 A N S I  58.1-1972) w a s  used i n  t he  a n a l y s i s .  

Two independerit wind d i r e c t i o n s  were cons idered  i.n t he  



solutions--one i n  the plane of the  frame and perpendicular  t o  

t h e  plane of the c o l l e c t o r ,  and the  o t h e r  i n  the  plane of the  

frame and i n  the hor izon ta l  d i r e c t i o n .  The s ide  wind loading 

i s  discussed separa te ly .  

The analyses  i n d i c a t e  t h a t  the  design of the  va r ious  

members of the  supporting frame i s  adequate.  The s t r e s s e s  i n  

t h e  members were computed us ing  the  loading  combinations 

s p e c i f i e d  on p. 10 of ANSI. For  each member the wind loading  

which r e s u l t e d  i n  the  l a r g e r  s t r e s s  i n  t h a t  member w a s  used 

i n  the  combination. A summary of s t r e s s e s  i n  the  members i s  
g iven  i n  Table 1. The allowable width t o  th ickness  r a t i o s  

were computed using Sect ion  2.3.1.1 of the  Cold Form Speci f ica i icn_ ,  

1968 e d i t i o n .  T h e s t r e s s e s  a r e  w e l l  below the  allowable l i m i t s .  

Side Wind Loads 

The design of the  wind brac ing  system f o r  the  h o r i z o n t a l  

s i d e  wind loads i s  based on a wind speed of 70 mph f o r  h e i g h t s  

l e s s  than 30 f e e t .  Although the  design i s  adequate f o r  t h i s  

wind speed, it w i l l  n o t  be adequate f o r  higher  wind speeds encoun- 

t e r e d  i n  o the r  l o c a t i o n s .  I f  the  system i s  t o  be used i n  o t h e r  

l o c a t i o n s ,  the wind brac ing  needs t o  be increased by a d d i t i o n a l  

brac ing  i n  o ther  s i d e  panels ,  i nc reas ing  the  s i z e  of the  b rac ing .  

o r  a  combination of both.  

Def lec t ions  

The so lu t ions  f o r  d i f f e r e n t  loading condi t ions  i n d i c a t e  

t h a t  the  d e f l e c t i o n s  and r o t a t i o n s  i n  the  members and j o i n t s  of 

the  support ing s t r u c t u r e s  a r e  extremely small. 

Connections 

Examination of the f o r c e s  i n  the  south brace and the n o r t h  

column assemblies i n d i c a t e  t h a t  t h e  design of the connections i s  

adequate.  Proper anchoring of t h e  support ing system t o  the  



foundat ion i s  necessary i n  order  t o  avoid pul l -out  caused by 

t h e  wind loading. I n  a d d i t i o n  the  assembly of connections 

should be properly c a r r i e d  o u t .  

~ o i l e c t o r  Truss  Assembly 

The r e l a t i v e l y  s m a l l  l oads  on each c o l l e c t o r  t r u s s  assembly 

r e s u l t  i n  extremely s a a l l  s t r e s s e s  and d e f l e c t i o n s  i n  the t r u s s  

element which a r e  w e l l  below the al lowable.  

Conclusion_ 

Based on the  a n a l y s i s  f o r  d i f f e r e n t  loading condi t ions  and 

t h e  examination of t h e  s t r u c t u r a l  design of the  support ing 

system f o r  the  Northrup ML S e r i e s  C o l l e c t o r s ,  Model NSC-01-0732, 

t h e  fo l lowing conclusions can be made: 

1.The des ign  of the  suppor t ing  system i s  adequate f o r  a l i v e  

load  of 16psf and a wind load based on a wind speed of 70 mph 

f o r  h e i g h t s  of l e s s  than  30 f e e t  above the ground. Since no 

seismic a n a l y s i s  has  been c a r r i e d  o u t ,  t he  system should n o t  be 

used i n  l o c a t i o n s  wi th  a h i s t o r y  of seismic a c t i v i t y .  

2.With a d d i t i o n a l  wind b rac ing ,  e i t h e r  by bracing more panels  o r  us- 

i n g  l a r g e r  diameter rods ,  the design would be adequate f d r  

l o c a t i o n s  with a wind speed of up t o  110 mph (such as the  c o a s t a l '  

b e l t s ) ,  f o r  he ights  of l e s s  than  30 f e e t  above the  ground and 

no seismic a c t i v i t y .  

3oP.roper tie-down of the support ing system t o  the  foundat ion i s  

necessary i n  order  t o  avoid pul l -out  caused by the  wind loading .  

No a n a l y s i s  of the  foundation w a s  c a r r i e d  out  s ince  it depends 

on the  s p e c i f i c  l o c a t i o n  where the  system i s  t o  be i n s t a l l e d .  

4..The system can be c e r t i f i e d  f o r  l o c a t i o n s  with no h i s t o r y  of 

seismic a c t i v i t y  and a  wind speed of up t o  70 mph and h e i g h t s  of 

l e s s  than  30 f e e t  above the ground. 

May 28, 1978 
~i jdn Mohraz, Ph.D., P%. 



Table 1 Summary of S t r e s s e s  

Member ~ x i a l ( ~ )  Bending Loading ( c )  w / t  w / t  
s t r e s s  s t r e s s  Combination a l lowable  a c t u a l  

p s i  p s i  

South brace  3374 c 433 D+L+W ( h o r i z  . ) 93 85 

( b )  
Manifold Support  2159 C 

Manifold S t r u t  1179 c 809 D+L+W ( h o r i z  . ) 157 8 3  

I n c l i n e d  S t r u t  1513 T 861 D+L+W ( perp  . ) 
North Column 3529 c 41 5 D+L+W ( perp.  ) 91 79 

. . 

( a )  C = compression; T = t e n s i o n  

( b )  Design of n o r t h  manifold  suppor t  governs 

( c )  D = Dead load ;  L = Live l oad ;  W = Wind load  
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OPERATION l i w m  

When dmestic w a t e r  is used as the b t  transfer f luid,  Cbdes 

for potable water.do not require heat exchangers for proper operation. 

Other than the tracking mdule, a l l  outside aux i l i aq  energy sub- 

systems are ccanplimentaq and are not to be considered as an integral 

part of this system. The manifold system and absorbers are constructed 

of type M hard copper tubing with a limited nunher of brass f i t t ings ,  

which are standards for danaestic water systems. The tracking m u l e  

can be easily serviced, and any defective mmpnent therein may be 
, . 

conveniently replaced should any fai lure occur. A fa i lure  i n  either 

the manifold systesn or  tracking RlDdule wil l  not impair the functional 

a p b i l i t i e s  of the mlar powtlrcd portions of the hot w a t e r  system 

for time periods longer than those expected for conventional hot water 

equip-ent. 



1. 3.1.. COLLECTOR EFFICIENCY 

The 1977 Nor th rup  p r o d u c t i o n  c o n c e n t r a t i n g  c o l l e c t o r  c o n s i s t s  

o f  t h r e e  main p a r t s .  They a r e . t h e  F r e s n e l  l e n s ,  t h e .  s h e e t  m e t a l  

c o l l e c t o r  h o u s i n g ,  and t h e  f l a t t e n e d  a b s o r b e r  t u b e .  Re ' su l t s  o f  

an  i n d e p e n d e n t  e f f i c i e n c y  t e s t  f o r  t h e  c o l l e c t o r  a r e  shown on t h e  

f o l l o w i n g  pages .  On t h e  b a s i s  o f  t h e s e  performance c u r v e s ,  it i s  

e v i d e n t  t h a t  t h e  e f f i c i e n c y  c r i t e r i a  s p e c i f i e d  by t h i s  c o n t r a c t  c a n  . 

b e  m e t  by a f l a t t e n e d  a b s o r b e r  t u b e  approach.  F u r t h e r m o r e ,  t h e  

F r e s n e l  l e n s  h a s  been improved and now p r o v i d e s  b e t t e r  c o n c e n t r a t i o n  

o f  ; u n l i g h t .  By v i r t u e  of  t h e  above d i s c u s s i o n ,  it was d e c i d e d  t o  

i n c o r p o r a t e  a  f l a t t e n e d  t u b e  r e c e i v e r  ( w i t h o u t  a n  a d d i t i o n a l  g l a s s  . 

c o n v e c t i o n  s u p p r e s s o r )  i n t o  t h e  d e s i g n  o f  t h e  new c o l l e c t o r .  



TESTING OF SOI.AR COL1,ECTOKS ACCOEUING 
TO ASHR4E STANDARD 93-77 

Jam? s  E .  H i l l ,  S e n i o r  Mechanical  Eng inee r  
John P .  J e n k i n s ,  Mechanics 1 Eng inee r  
Dennis E .  J o n e s ,  Mechanical  Eng inee r  

. . 
Thermal E n g i n e e r i n g  S e c t i o n  
Na t iona l  Bureau of S t a n d a r d s  

Washington. D.C. 20234 

ABSTRACT 

A proposed procedure  f o r  t e s t i n g  and r a t i n g  s o l a r  c o l l e c t o r s  was, p u b l i s h -  

ed by t h e  N a t i o n a l  Bureau of S t anda rds  (NBS)  i n  1974. I n  e a r l y  1977, t h e  .Ameri- 

can s o c i e t y  o f  Hea t ing  R e f r i g e r a t i n g  and  Ai r -Cond i t i on ing  Eng inee r s  (ASHKIE) 

adop ted  AS~IRAE Standa rd  93-77 which i s  a  modLfied v e r s i o n  o f  ' t h e  NBS procedure .  

A t e s t  f a c i l i t y  f o r  water-cooled c o l l e c t o r s  and a i r  h e a t e r s  h a s  been b u i l t  

a t  NBS i n  accordance  w i t h  t h i s  S t anda rd .  The purpose  of  t h i s  paper  i s  t o  

b r i e k l y  e x 2 l a i n  t h e  r e c e n t l y  adopted  t e s t  p r o c e d u r e ,  d e s c r i b e  t h e  NRS t e s t  

@ f a c i l i t y ,  and t o  g i v e  t y p i c a l  t e s t  r e s u l t s  f o r  commpic ia l ly  a v a i l a b l e  c o l l e c t o r s .  

NOMENCLATUKE 

2 A = c r o s s - s e c t i o n a l  a r e z  of  t h e  c o l l e c t o r ,  m 

C~ = e f f e c t . i v e  hea t  c a p a c i t y  of  t h e  c o l l e c t o r ,  i t s  components, 
an.d t h e  t r a n s f e r  f l u i d  i n  t h e  c o l l e c t o r ,  J / " c  

c = s p e c i f i c  hea t  o f  t h e  t r a n s f e r  f l u i d ,  J / ( k g . s )  
P 

F ' = c o l l e c t o r  e f f i c i e n c y  F a c t o r  

R = c o l l e c t  o r  hea t  removal f a c t o r  
I = t o t a l  s o l a r  energy  i n c i d e n t  upon the p l a n s  o f  t h e  c o l l ' e c t o r  

pe r  u n i t  time p e r  u n i t  a r e a ,  W/m , 
= t o t a l  s o l a r  energy  , ' i nc iden t  upon a  h o r i z o n t  a 1  s u r f a c e ,  W/n 2 

Ih 
K = i n c i d e n t  angle  m o d i f i e r  
aT 

ri! . = mass £107 r a t e  o f  t h e  t r a n s f e r  f l u i d  through t h e  c o l l e c t o r ,  
kg/(s .m ) 

9, 
= rate of u s e f u l  ene rgy  e x t r a c t e d  from t h e  c o l l e c t o r ,  W 

R = r a t i o  o f  , t o t a l  s o l a r  enz rgy  i n c i d e n t  upon a  t i l t e d  s u r f a c e  
t o  t h a t  upon a  h o r i z o n t a l  . s u r f a c e  

= a n h i e n t  a i r  t e m p e r a t u r e ,  "C 
=' a v e r a g e  tempera ture  o f  t h e  t r a n s f e r  f l u i d  i n  t h e  c o l l e c t e r ,  

"C 
= t empera tu re  oE t h e  t . r a n s f z r  f l u i d  l e a v i n g  t h e  c o l l e c t o r ,  "C 
= t en :pera ture  oE t h e  t r a . n s f e r  f l u i d  e n t e r i n g  t h e  c o l l e c t o r ,  O C  

= h e a t  t r a n s f e r  l o s s  c o e f f i c i e n t  f o r  t h e  c o l l z c t o r ,  w/(m2.'"c) 



L i n e a r  F r e s n e l  Lens ,  T r a c k i n g    on cent rat in^ C o l l e c t o r  
Copper A b s o r b e r ,  Black-Chrome S e l e c t i v e  S u r f a c e  
Aper tu re .  a r e a  = 1.8 m 
~ G r o s s . c o l l e c t o r  ( t o t a l  sweep) a r e a  = 3 . 1  m- 
A l l  Eata a t  S o l a r  Noon - 0" I n c i d e n t  Angle  
- - 2:3O I n c i d e n t  Angle 

- .  . . 

Flow r a t e  = 5 x 10-5 m 3 / s  (0 .8  g a l l m i n )  
N 
0 

Average wind speed  = 2.7 - 11 ..2 m / s  ( 6  - 25 mi /h )  
Average wind d i r e c t i o n  = ?! - ?!I! 
h b i e n t  a-Lr t e l ; l p e r a t u r e  = 1 4  - 17 OC 

Eppley  model PS? ,. pyranomete r  
I n s o l a t i o n  = 8 4 2  - 9 4 2  v / m 2  
P e r c e n t  d i f f u s e  = 9.5 - 23.02 
S l o p e  = -2 .15  F,/(m2 . OC) 

. . 





TOLERANCE - ABSORBER TUBES 

A s i n g l e  l e n s  concen t ra t ing  c o l l e c t o r  module w a s  t e s t e d  on 

3/4/78. It employed t h e  l e n s  and absorber  tube t h a t  had 

been proposed for use i n  t h e  4-lens c o l l e c t o r .  Due t o  

a v a i l a b i l i t y ,  t h e  absorber  c o a t i n g  w a s  3M Nextel p a i n t  

which has  an a b s o r p i t i v i t y  of -98 a s  compared t o  about .95 

for b lack  chrome. 

The r e s u l t i n g  e f f i c i e n c y  curve is shown on t h e  next  page. For 

b lack  chrome c o a t i n g  t h e  e f f i c i e n c y  i n t e r c e p t  is  expected t o  be 

TI * ( .95 / .98 )  (80%) = 77.51 

whi le  t h e  s lope  of  t h e  curve should remain t h e  same. Regarding 

the 4-lens design,  t h e r e  are e x t r a  t o l e r a n c e s  t o  t ake  i n t o  

account.  These t o l e r a n c e s  a r e  l i s t e d  i n  Table 1. The s a f e  

des ign  approach would be t o  inc rease  t h e  width of t h e  absorber  

so t h a t  a t  l e a s t  as much l i g h t  would be gathered should t h e  

t o l e r a n c e  l i m i t s  be reached. That width t u r n s  o u t  t o  be 1.72" 

(see table 1). A 1-1/4" nominal diameter  copper tube f l a t t e n e d  

t o  1.78" has  been p r e s s u r e  t e s t e d  up t o  150 p s i g  i n  a n t i c i p a t i o n  

of t h e  new absorber  design. See Pressure  T e s t :  F la t t ened  Tube 

3/23/78 f o r  t h &  conclusions.  
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. THERMAL EXPAd5 I O ~  

Ae5of?0ER Posjrlor\l 

TEST A ~ S O R ~ E R  - SId6LE LENS COLL. 

c. 14. MAXIMUH DEUIPTIOA DUE TO Toi.Ej.'h~ICt: 
2 PLACES 



TABLE 1 TOLEFWNCE 

RELATIVE ALIGNMENT 

1. I n l e t  ( o r  o u t l e t )  t o  a b s o r b e r  

2 ,  I n l e t  ( o r  o u t l e t )  t o  hous ing  , c e n t e r  

3 .  Lens c e n t e r  t o  hous ing  c e n t e r  

Absorber '  Width 

Thermal Expansion 

M A X .  DEVIATION 0 . 1 4  i n  

T e s t  a b s o r b e r  - S i n g l e  Lens C o l l e c t o r  = 1-7/16 
% 

C o n s e r v a t i v e  Tube S i z e  needed f o r  - .  t h e  4-  ens col ' l 'ector  



. . 
PRESSURE TEST : FLATTENED TUBE 

' 3/23/78 

INTRODUCTION 

A 1" nominal copper t ube  f l a t t e n e d  t o  a  width o f  about  1-1/2" 

had o r i g i n a l l y  been planned f o r  u s e  as t h e  r e c e i v e r  i n  t h e  4-Lens 

c o l l e c t o r .  However, when t o l e r a n c e s  were taken i n t o  c o n s i d e r a t i o n  

it became c l e a r  t h a t  an abso rbe r  width  of  about 1 . 7 "  was needed. 

This  r equ i r ed  s t e p p i n g  up t o  a  1 - 1 / 4 "  nominal t ube .  S ince  t h e  

exposed convec t ive  a r e a  of  t h e  t ube  i s . s e t ,  it i s  advantageous 

t o  f l a t t e n  i t  a s  much a s  p o s s i b l e  i n  o r d e r  t o  " p i c k  up" s t r a y  

l i g h t  from t h e  l e n s .  The l i m i t i n g  f a c t o r  i s  i n t e r n a l  p r e s s u r e .  

The purpose of  t h i s  tes t  is t o  .determine i f  a  1-1/4" nominal tube  

f l a t t e n e d  t o  1.78If can wi ths tand  working p r e s s u r e s  of  100 p s i  

(gauge . 

TEST PROCEDURE AND RESULTS 

Pressure  l e v e l s  were mainta ined by Z i l l i n g  t h e  t ube  wi th  n i t r o g e n  

gas .  A Bourdon;tube gauge wi th  an accuracy of a t  l e a s t  +5 p s i  - 

was used. The t u b e  t e s t e d  was 10 f e e t  long.  The r e s u l t s  a r e  

t a b u l a t e d  below. 

Type M Copper Tube, 1 - 1 / 4 "  Nominal Diameter P re -F la t t ened  

PRESSURE ( p s i g )  D I M .  A D I M .  B 



f .. .,.. . . 
; '.I. . . :  . . . . . ,  , .  : .  . . . . . . .  

The highest test value, 150 psi, is 508,higher than the 
\ 

.-+ nornal working pressure which verifies the practicality of 

using a tube such as this in relatively high pressure sit-. 

uations. The recommended width for the 4-Lens absorber 

tube is 1.75". 



. .  . 

1.3.1 THERMAL PERFORMANCE (EFFICIENCY) 

INTRODUCTION 

- Efficiency. curves for a 4-lens collector panel were determined 

for o0 and 12O incidence. The test procedure used was similar 

to AS.HRAE Standard 9 3-77, although somewhat abbreviated. . 

EQUIPMENT 

- Two stainless steel sheathed Type T thermocouples to measure 
' 

the collector inlet and outlet temperatures; a variable area. 
- 

flow meter to measure the flow rate through the collector; an 

Eppley, standard pyrheliometer .(with a clock drive). for direct 

insolation measurement,; an Eppley pyranometer for total insolation 

measurement; an anemometer for wind velocity measurement; a Type 

2240-A Fluke Datalogger to.record .instantaneous signals from 

the thermocouples, pyrheliometer, .pyranometer, and anemometer, a 

thermocouple housed in a well ventilated instrumentation shelter 

'painted white on the outside to.be used in measuring ambient 

temperature. 

CALIBRATION PROCEDURE : 

1. Before the beginning of the efficiency tests, the.thermocouple 

used for the ambient temperature measurement was checked 

. .against an Erco preci'sionmercury-in-glass thermometer. .They 

were compared in ice water,.and then in ambient air. In either 
0 

case, the thermocouple agreed to within +.5 F of the thermometer. - 

2. Prior to the efficiency tests, two stainless steel sheathed 

thermocouples were tested by placing them and the Erco pre-' 

cision mercury-in-glass thermometer in silicone heat transfer 



8. . 
, i : '  . . . . . . . 
. . .  . 

fluid that was heated to about 320°F. The fluid was allowed 

0 
to cool to about 60 F during which time the responses of the . 

three temperature measuring devices were periodically monitored. 

In all cases, the thermocouples agreed to within at least 0.2OF 

of each other. and .to 0.5O~ of the thermomet.er&hich was occas- / 
ionally checked. 

3 .  The flow'meter was calibrated by running water through it at 

about 1.7gpm which corresponds to the proposed test flow rate 

through one collector panel., The actual flow rate was deter- 

mined by running the water through the flow meter into a 

weigh tank while timing it; afterwards adjusting the flow- 

meter scale correspondingly. The procedure was repeated 

until the flow rate was calibrated' to better. than +l. 0%. - 

40 lbs. of water was used on the final calibration run. 

4. The anemometer was calibrated by the manufacturer prior to 

procurement about two years ago. Since wind'velocity is 

not a part of the efficiency calculation, and, because the . 

readouts from this instrument have agreed with local weather 

services, no attempt will be made to calibrate it. 

5. The Datalogger was calibrated by the manufacturer March 28, 

1978. Between calibration dates, which occur every six months, 

the Datalogger should be accurate to within + 1%. - 



LIST OF SYMBOLS 

A - collector aperture area 
C - specific heat of the transfer fluid 
I - direct normal insolation 

d 
It - total insolation 
fi - mass flow rate of the transfer fluid 

- collector efficiency % 

Ira - ambient temperature 
Ti - collector inlet temperature 
To - collector outlet temperature 



TEST PROCEDURE THERMAL EFFICIENCY 

1 The collector tilt angle was adjusted so that the lenses 

were .approximately normal to the sun during the hours of 

data accumulation which were two hours before solar noon 

through two hours afterwards. 

2. The water-flow rate through the collector panel was set 

at about 1.7gpm and recorded. During the progress of the 

test, the flow meter was checked every five minutes to en- 

sure that the volume rate of flow did not change. 

3. The pyranometer (total insolation measurement) was placed 

on a tracking mount that maintained near normal incidence 

to the sun. The pyrheliometer (direct insolation measure- 

ment) was mounted on a clock drive which was aligned to the 

sun during the test. Each instrument as well as the collector 

aperture was wiped clean before the tests on each day. 

4. Four different values of inlet fluid temperature were used 

to obtain the values of (To-Ti)/Id, which is 'the abscissa 

value in the efficiency plot.  ift teen "data points" were used 

in the determination of the normal incidence efficiency curve. 

A data point encompassed a five-minute time span in which the 

total and direct insolation, the collector inlet and outlet 

temperatures, and wind velocity were recorded at one-minute 

intervals. The efficiency data point was then calculated as: 

C(To - Ti) \ 

= n=1 - +I n 
5 (Aid) * 



which is essentially a numerical integration over the five- 

minute time span. The collector was allowed to stablized 

before each test. During the five-minute intervals, the 

inlet temperature did not change by pore than 0.6O~ and the 

average w,ind velocity was lower than lOmph for all tests. 

The instantaneous efficiency curve was obtained using the 

technique of a linear least-squares fit. 
0 

In order to determine the efficiency at 12 inciden'ce, another 

efficiency value was determined in general accordance with the 

methods previously described. The collector panel was oriented 

so that the average incident angle between it and the solar 

radiation for . the . test was 12 degrees. 
. . . . 



RESULTS I 
The individual data points from the normal incidence test 

are shown plotted on the flrst of the two efficiency graphs that 

follow. Note that there is very little deviation of the points 

from the fitted curve, indicating that test conditions had stablized. 

The equation for efficiency 

TI = .80 - . 4 9 8 6  (Ti - Ta) 
1 )  

which is .based on direct insolation only. was der ived  through the I 
use of a linear least-squares fit. 

One of the performance requirements of'this contract states 

that the collector efficiency on February 21 and.August 21 be 

the same or better than that of a performance specification 'which 
. I 

is shown on the s'econd graph. The collector orientation on these ' 1  
two dates corresponds to a seasonal tilt angle of 12 degrees. The 

efficiency curve f0.r 12 degrees (based on insolation normal to the 

plane of the collector) is 

,-, = .79 - - 4 9 8 6  (Ti - Ta) 
( 1 )  I ' 

which is nearly the same as the performance at.norma1 incidence. I 
Calculation of the 12O efficiency is included later in this report. 

The two curves are shown on the second efficiency graph relative I 
to the performance specifi'cation. It can be easily seen that the 

performance specification is exceeded. 

The second performance requirement of this contract is stated 

below. 

For  alla as Texas, the single solar collector will collect a I 
minimum of 1144 B T U / F ~ ~ / ~ ~ ~  of energy at an inlet fluid temperature 1 .  



be equal to the latitude angle, azimuth of 0 degrees, average 

ambient dry bulb 1 0 0 ~ ~ ~  wind velocity zero, August 21 date, 

2 direct normal noon solar flux of 283* BTU/Hr Ft , longitude 
0 

of 9'7O degrees and 32 latitude. 

When w e d  primarily for heating a single collector will pro- 

2 
. . vide 1242 BTU/Ft /day at an inlet fluid temperature of 150'~ 

(water). The tilt angle at this performance basis is equal to 

, the latitude angle, azimuth of 0 degrees, average ambient 50O~, 
. . 
wind'velocity zero, February 21 date, direct normal noon solar 

. .  , 2 
:, flux of 316* .BTU fYr-Ft , longitude of 97O and 32O degrees latitude. 

I . . ' . .For.the'two dates mentioned above,,a seasonal incidence angle 

0 
. .  , 

'of 12. .will . . be maintained.. throughout. the day. Therefore, the 

I . .  . is used.in the calculation of the all day energy gain. The values 

I of direct normal irradiation are taken from the 1972 ASHRAE 

Handbook of Fundamentals. The final calculations, based on eight 

hours of sun tracking, are tabulated in the following pages. In 

II either case, the calculated energy gain is greater than the per- 

formance requirements. 

i In conclus.ibn, the 4-lens concentrating collector was tested 

according to the previously described procedures. Test data and 

II calculations are included in the following pages as verification. 

I The test results indicate that this collector exceeds the performance 

i; : requirements of Contract No. NAS8-32251. 

*ASHRAE Handbook of Fundamentals, Arncrican Society of ~eating, 
Refrigerating and Air Conditioning Engineers, Inc., 345 .East 
47th Street,New York, NY, 1972. 



Ai r-Conditioning Cooling Load 

Table 3 . . . . Solcr Position and l~rten~ify;  Solor Heot Cam Foctorsa for 32 Deg North Latitude 
-. - -- 

Dimrt Normal f 

- -  

33.1 ?B 5 
17.5 30G 

38 .9  
21 . o  

235 

-- 
a Tot.] *r!.r hrst  #*Ins lor Ud 1 4  in.; 4!1e..t plaa ' .  I ( m d  ,lo a p:a,*::.l rr l ln- tame of O.'CO u:rrl value. in Tables I aar! 9 .  



Fehruary 21 ALL DAY ENERGY GAIN 

n = . 7 9  - , 4 9 8 6  (Ti - Ta) 
( 1 )  

ii . 

*T must b e  larger than 1242 B T U / F ~ ~ / D ~ ~  

Solar Time 8 : 0 0  9:OO 10:OO 11:OO 12.00 

ii i ' 

i Ti-Ta 
]I 1 . . ,  

.! 

! . '  

'! ET = 2 cos (12O) [(.602) (265.5) +. (.621) (296) + (.6 29) (309.5)+ (.632) 



. . . . 
, . 

, .  . 

A u g u s t  21 A L L  DAY ENERGY GAIN 

rl = .79 - . 4 9 8 6  (Ti - Ta) 
1 2 0  ( 1 )  

2 
E ~ .  m u s t  be la rger  than 1 1 4 4  B T U / F t  / D a y  

Solar T i m e  8: 00 9:OO 10:OO 11:OO 12:OO 



0 
Efficiency at 12 Incidence Angle Based on Direct Insolation 

Normal to the Plane of the Collector 
0 

At 0 Incidence: 
(Ti - Ta) 

= .80--4986 ( I ) 

A t  
0 12 Incidence: 

The intercept of the 12O incidence curve will be different than the 
0 

0 curve if the amount of incident enerqy on the absorbers has 

changed. However, the slope will remain the same since the con- 

vective and radiative area did not change, 

-04986 = Intercept - .739 
0 - -104 

Intercept = .79 

a n 0 = .79 - .4986 (Ti - Ta) 
1 2  ( 1 )  

0 

This is virtually the same as the 0 incidence curve. 
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I t  
T I T L E :  4 LEAS CWC. Cn:!.  . , DATE:  

m " ML" MOSCL PJSC - 0 1 -  n"/$ZI WIND SPEED:  I r O  - 7.4 
PERSONNEL: C. J~ACOEU /D. SE/TFX WIND DIRECTION.  5 . E .  
T E S T  No.: CONDITIONS: V\/E-~Y C L ~ P P ,  DAY. 
COLLECTOR A P E R T U R E :  .I 3.0 J? " o0 /IJClb€dcE 4 4 4 ~ ~  

EFF = m.Cp( Tout - Tin AT '  ( Tin- T,) 
, - -  

A c  . 1'. I#*- 1 . 4  : 



T I T L E : +  LEAIS C~?P*!T,. COCL.  D A T E :  4 
It I f  /25/78 

M L  A D ~ E L  E i j S C - 0 1 - 0 7 3 2  W I N D  S P E E D :  1.5 - Z B  
PERSONNEL:  C J ~ C O B S .  b S € l l & ~  WIND DIRECTION:  S&. 



6 p a g e  of 2 I 
T I T L E :  -1 S t ( 5  CONC. COLL. D A T E :  4 . / ~ 6 / ' 7 4  
I I YL" f40DgL N S C - o l - b 7 3 2  WIND S P E E D :  0-6 mph I 
PERSONNEL: C J C I C ~ ~ S  / D  S ~ / ; ' $ K  WIND D IRECTION:  hj - ch)W 

I 

T E S T  NO. :  2 CONDITIONS: M O S T L Y  Ci-f&I(I., SOH& 
C O L L E C T O R  A P E R T U R E :  4 3 0 ~ ~ -  L I ~ P T  H4EE DLIR!dA ~ r - 1 ' ' ~ 4 ? ? 4  Pry 

m-Cp(TOut  - T;" )  . A T '  ( Tin- T,) 0' ~ r l C ! t C t ? C €  PEJS:.F 
EFF = e - -  

A =  . I.+ In+- I#+ 



T I T L E :  4 i + d 5  co~rc. c.-L.L. 
ItM 

D A T E :  4/t6 /78 
MOOD&L N S C  -01- o 732 WIND S P E E D :  or- 5-3 b p &  

PERSONNEL: C .  34C395 / 9. S€I'?'LP WIND DIRECTION:  h/' sh/ 
T E S T  NO. :  2 CONDITIONS: CI&&?. Q* /dc/d€p;ieC. 

C O L L E C T O R  A P E R T U R E :  43.0 / f Z  rQu(S1,LC 

EFF = m . C p (  Tout - Tin 1 . AT'  ( Tin-Ta) 
0 - -  

Ac . I'* I #+ - T'* 

L 

'.I 



* .  1, P a g e  of  A- 

T I T L E :  EFF~C~WCY @ I Z * / E / C I ~ E ~ C E  AFIGLE D A T E :  
I /  ' 9  LW C?,!:. % 3 L l -  WL" MCL&L SPEED: 1.2 - 9.4 m p k  

PERSONNEL: C.T4k?85 , .b, 56rfln WIND DIRECTION: W - h l ' d  
I 

T E S T  NO.: 3 CONDITIONS: CLEAR , /z' it~clcghle: 

COLLECTOR A PERTURE: 43.0 -fez Ad LL& 

EFF = m.Cp-( Tout - Tin ) . AT' ( Tin - T,) 32' ~ & C ~ T / ~ I ' + C ~ O S ~ Z ~ ) ~  
, - -  

Ac . I'+ I '+ - T'+ 



. .. 8 I 
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F l o w  Meter C a l i b r a t i o n  

F l o w  Meter R e a d i n g  = 1 . 6 8  GPM 

M e a s u r e d  Flow, Amount T ime  
40 .I.b 1 6 9  sec 

A c t u a l  F l o w  = ( 4 0  l b )  ( 6 0  s e c / m i n )  = 1 . 7 0  GPM 
(8 .34  l b / g a l )  ( 1 6 9  sec) 

Meter S c a l e  A d j u s t e d  B e f o r e  Run 2 

F l o w  ' ~ e t e r  R e a d i n g  = 1 . 6 7  GPM 

M e a s u r e d   low Amount Tiine 
40 .  1.b 1 7 2  sec 

' A c t u a l  F.low = ( 4 0  l b )  ( 6 0  s e c / m i n )  = 1 . 6 7 3  GPM 
( 8 . 3 4  l b / g a l )  ( 1 6 9  sec) 



I CERTIFICATE OF. CALIBRATION , 

, . 
!j 

I MODEL.' 2 240A SERIAL NO. 510012 3-25-73 

The Fl1.1k.s .%lrthwestem Technic31 Centerr does hereby certify the above list& 

i I !I 
1. instrument meets or exceeds all published specifications and has bean calibrated 
$1 ;.I . . 

$ 
I: i using standards whose accuracies are traceable to. the Naticnal Bureau of Stand- 

i i 
71 ards within tho limitations of the Bureau's Calibration tsrvicet, or have born 

derivai from accefled values of natural physical constants, or have bem derkad 

by the ratio typa of selfcalibration techniques. 

Appiicabie NBS Test Report Numbers: OC Voltage - 207627 
AC V0lw8 - 807675 

SERVICE MANAGER 



2.1.1 EQUIPMENT CAPABILITIES 

I The pumps required to circulate the heat transfer fluid 

through the collector are not to be supplied as part of this 

contract. However, proper attention has.been given to pump size 

and pressure drops in the manifold-collector system. Proper pump 

sizing can be determined for the design flow rate using the in- 

formation given in the applications manual. 



NOISE OR EROSION - CORROSION 

From previous noise or erosion - corrosion tests, a 
maximum velocity of 4 fps is an accepted flow for piping with 

working temperatures above 150O.~ for copper tubing.* A 1.72 

gpm flow rate per collector panel as the upper design limit is 

equivalent to less than.2.6 fps flow in the 5/8" O.D. copper 

tubing at the inlet and outlet of each collector. The flow 

rate in the absorber tubes is below one fps. Fluid velocities 

for the manifold are listed below. As can be seen, all veloci- 

ties are well below the maximum of 4 fps. 

, . 

SUPPLY MANIFOLD FLUID VELOCITIES 

.Supplying 
Collector Manifold 
Panel Size GPM (Max) Velocity (Max) 

Northrup has many isntallations which have been in use for 

years utilizing a similar design for the manifold and fluid 

handling system. No failures have occurred during this period 

which have been attributed to noise or erosion - corrosion in 

these systems. 

*National Standard Plumbing Code, National ~ssociation of Plumbing- 
Heatinq-coolins Contractors, A~nendix B .  P P .  10-11, washinston, 

50 



. . 

2.1.3 OPERATING CONDITIONS 

All of the components of the design are capable of 

operating over ,their respective.temperature and pressure range 

without breakage, rupture, binding, galling, or significant 
. . 

loss in pressure., The fluid loop is capable of operating at 

pressures above 125 psi while the design operating pressure is 

100 psi. Each of the components in the fluid loop is out- 

lined belowwith its maximum prcsaurc and temperature. 

Automatic Air Vent 

The recommended air vent is a Maid 0' Mist No. 74 and 

has a rated maximum pressure of 150 psi. The valve seat 

material is made of Neoprene and is rated at 300°F. See 

paragraph 2.3.1 for the results 05 a pressure test. 

Pressure Relief Valve 

The automatic relief valve is located 0.n the bottom 

manifold of the system. The automatic relief valve is specified 

to open at.125 psi which is 25% greater than.the working 

pressure of 100 psi. This pressure relief valves have pro- 

vided more than adequate safety measures when properly installed 

on similar Northrup concentrating collectors. See paragraph 

2.3.1 for the results of a pressure test. 

Swivel Seal 

The swivel joints used in this design are manufactured by 

GRA-TEC. This swivel assembly is constructed of silicone hose,'. 

and brass and utilizes an ethylene propylene rubber o-ring. 

5 1 



The recommended working p ressu re  i n  this a p p l i c a t i o n  is 0-125 

1. p s i g  us ing  water with a temperature up to 300°f with o r  without 

an e t h y l e n e  g lyco l  a d d i t i v e .  ' See ver .  par .  5.2.5 f o r  the r e s u l t s  
of an acce le ra ted  swivel l i f e  test. 

S e l e c t i v e  Coating 

The s e l e c t i v e  coa t ing  on t h e  absorber  tube is  capable 

of wi ths  t a n d i x  temperatures i n  excess  of  5 5 0 O ~  without sub- 

s u s t a i n i n g  permanent damage o r  i n c r e a s e  i n  emiss i v i  ty  o r  a 

dec rease  i n  absorb t iv i ty .  The absorber  should be capable 

of withstanding s t agna t ion  temperatures without  being per -  

manently a f fec ted .  . . . , 
, . 



. . 
2.1.4 ' FLUID FLOW I~ COLLECTORS 

To insure constant flow rate to the collector panels, 

a reversed supply and'return header with parallel arrays 

of collectors is employed. Graduated manifold sizes are 

also utilized to comply with the changes in flow ra.te with- 

in the supply and return lines. 
. . 

Additionally, all absorber tubes within the collectu~ 

panel have the same cross-sectional area. This will allow 

the same fluid velocity per absorber tube. 



' . ,  

2 , l . S  ENTRAPPED A I R  

A s u i t a b l e  means of a i r  removal, from the f l u i d  l i n e s  has  

been provided by an  automatic a i r  valve.  The automatic a i r  va lve  

which h a s  been s e l e c t e d  f o r  t h i s  a p p l i c a t i o n  i s  a Maid-0-Mist 

No. 74 and is  r a t e d  a t  150 p s i ,  Heat Posses from the manicold 

l i n e s  w i l l  be rninhmized by the proper i n s t a l l a t i o n  of insu-  

l a t i o n  around t h e  a i r  vent ,  and s u f f i c i e n t  h e a t  conduction 

from the copper manifold t o  the b rass  auto-vent w i l l  provide 
; > .  

antifreeze p r o t e c t i o n  i n  the i n su la ted  environment s o  that  

the proper  opera t ion  of  t h e  automatic a i r  ven t  w i l l  n o t  be 

impeded, The p a r t i c u l a r  auto-vent  which has been selec eed 

is al . so  capab1.e of withstanding the 'fluid. temperatures wFch- 

o u t  damaglng the s e a l  components. Drawing number 01-04-062 

shows how insuPathon should.  be insealledi around t h e  a i r  ven t ,  



This page was copyrighted. For information on Auto-vent Air 
Eliminators (Float type) contact MAID-0' -MIST, Chicago, Illinois 60641. 



VENTING UNIT TYPE 
HOT WATER RADIATORS 

FOR 

INSTALLING 

1. To attach, always use a very short I.P. nipple. 

2. Always install at the highest point of a pipe line, never on the 
side of a fitting. 

3. Never install on the exhaust line of a plunger type pump un- 
less you use an air chamber at least 3 ft. long of 1W pipe and 
take opening out of the side of air chamber near bottom. 

4. Always vent an indirect radiator out of the top of the radiator 
manifold. 

5. The vent cop should be screwed down tight when refilling sys- 
tem with water. After system is filled, loosen vent cap and allow 
air to release slowly. If air i s  released too fast it may draw 
scale or dirt up into valve seat, causing it to leak. If tl 11s ' uccurs, 
push vulve core in, nllowing water to flush out seat and then 
pull out slightly on valve stem which should dislodge this scale. 
For normal venting, cap should be open at least one full turn. 
To shut off valve, screw vent cap down tight. 

6. For maximum pressures-see other side. 

7. Valve cores or entire bonnet assembly may be ordered for 
replacement. Order No. 7XP for No. 71, No. 74 or No. 75 
Auto-Vents-No. 7X for No. 78 Auto-Vent. 

8. Special valves can be supplied when specified to be used to 
vent oil t ~ n k s  or gusoli~te Ii~~es. 

9. Special No. 7-A connectors for %" copper tubing are recom- 
mended in place of regular cap, when installed where feakage 
could cause damage. 

10. No air chamber i s  necessary. 

1 
Wiite for Bulletin P!o. 713 describing 

complete line of Auto:Vont Air Eliminators. 
_I 

VENTING TRAPPED MAINS 
AND CIRCULATLNG LINES 

CONNECT WITH CLOSE NIPPLE 
SECTIONAL VIEW 



2.1.6' THERMAL EXPANSION OF FLUIDS 

Thermal expansion"of the .heat transfer fluid can be accokmodated 

by the use of a conventional expansion tank or compensator which 

is the responsibility of the user (see Applications Manual). 

The pressure relief valve, preset at 125 psi will limit excessive 

pressures for safety. 



. .. . . - .. . 

2.1.7 
PRESSURE DROPS 

1 . D e s i g n  . c r i t e r i a  . i s  a s  s t a t e ' d  i n  2 . 1 . 4  w h i c h  a r e  s t a n d a r d s  
.. .. ... ... . . .  

recommend&'d":by A S H R A E .   res sku re d r o p  a c r o s s  t h e  e n t i r e  a r r a y  

o f  7 c o l l e c t o r s  i s  a s  t a b u l a t e d  be lo 'w ,  w i t h  m a n i f o l d  o f  s i z e  

t a b u l a t e d .  The  c a l c u l a t e d  p r e s s u r e  d r o p  i s  n o t  c o n s i d e r e d  e x -  

c e s s i v e .  F low r a t e  i s  b a s e d  o n  0 . 4 3  GPM p e r  c o l l e c t o r  w i t h  

v a l u e s  o f  P . D .  o b t a i n e d  f r o m  ASHRAE. 

S u p p l y  M a n i f o l d  P . D .  To And T h r o u g h  L a s t  C o l l e c t o r :  

S u p p l y i n g  E q u i v a l e n t  
C o l l e c t o r  Manif o l d  Foor P U  

Numbers  S i  ZF! GPM L e n g t h  F t  H,O - .. 

Sub T o t a l  3 . 3  

M e a s u r e d  P . D .  a c r o s s  a  C o l l e c t o r  
P l u s  t h e  I n l e t  a n d  0 u t l e t : S w i v e l  
J a i n t  C o n n e c t o r s  

T o t a l  P,U, F o r  A r r a y  6 . 2  f t  
H 0 

2 



COLLECTOR PRESSURE DROP 

The p re s su re  drop between t h e  i n l e t  and o u t l e t  of a  4- 

l e n s  c o l l e c t o r  pane l  ( i n c l u d i n g  b o t h ' i n l e t  and o u t l e t  

swivel  a r rangenent  i n  ' t h e  c o r r e c t ,  ben t  t u b e ,  conf igura-  

t i o n )  w i l l  be measured us ing  a  M e r i a m d i f ' f e r e n t i a l  mano- 

meter .  The flow rate  through t h e  c o l l e c t o r . p a n e 1  w i l l  

he a t  l e a s t  1.7gpm. 
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2-1-8 CONDENSATE REMOVAL 

This requirement states that means shall be provided for 

adequate disposal of condensate from cooling equipment. However, 

no cooling equipment is included with this system. Any such 

equipment installed in conjunction with this system will be 

the responsibility of the user. 

Dew will sometimes form on the system as it normally 

does on other structures. But, this represents no threat to 

rhe system or surroundings. 



5' ., . . 
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VIBRATION STRESS LEVELS. 

The opera t ing  system t o  be suppl ied under the cond i t ions  

o f  t h i s  c o n t r a c t  inc lude  only one device  which could cause  

v i b r a t i o n s  i n  the system.' Thi'a device  is  the t r ack ing  motor 
;,:-/ .-,;., :-,. - ' ,, <. .' 

f o r  t h e  a t t i t u d e  con t ro l s .  However, s i n c e  the rotational.  rate 

o f  t h i s  f r a c t i o n a l  horsepower motor (20 r g m )  i s  s o  low, this 

dev ice  does n o t  c o n s t i t u t e  a s e r i o u s  vibratCon source. 

Vibra t ions  i n  t h e  f l u i d  handling system due t o  p u l s a t i n g  

flows shou1d:be minimized by t h e  manifold support  system. The 

m a n i f o l d i w  i s  contained wi th in  t h e  manifold support  system 

and surrounded by i n s u l a t i o n  which w i l l  damp the v i b r a t i o n s  of 

the f l u i d  l i n e .  The manifold supportc  which func t ions  as p a r t  

o f  t h e  support  , s t r u c t u r e  provtdes r i g i d i t y  t o  the pip ing  and 

connect ion equipment. Wind pu i sa t ions  do n o t  e f f e c t  t h e  

suppor t  s t r u c t u r e  a s  i s  evidenced by t h e  performance, of  

s t r u c t u r e s  s i m i l i a r l y  designed and c u r r e n t l y  employed a t  

var ious  job sites of Northrup, Inc. 

Furthermore#. v i b r a t i o n  due t o  any cause has  n o t  presented 

i t s e l f  as a problem i n  c u r r e n t  .Northrup systems which are 

s i m i l a r  t o  t h e  new design. 



VIBRATION FROM MOVING PARTS 

The opera t ing  system t o  be suppl ied  a s  p a r t i a l  f u l f i l l -  

ment of t h i s  c o n t r a c t  does not '  i nc lude  t h e  pumps and o t h e r  

c i r c u l a t i n g  devices.  A s i n g l e  device  which is t o  be suppl ied  

as p a r t  of t h e  c o n t r a c t  i s  t h e  t r a c k i n g  motor f o r  the  a t t i t u d e  

c o n t r o l s .  This device,  however, i s  only a  smal l  f r a c t i o n a l  

horsepower motor which opera tes  a t  extremely low r o t a t i o n a l  

r a t e s  (20  rpm). Adequate s t r u c t u r a l  support  has  been provided 

f o r  t h e  motor, so no v i b r a t i o n a l  s t r e s s e s  o r  problems a r e  

a n t i c i p a t e d .  . .  . 

. . . . . .  . 
. . 

. , # .  ... , 
. . 



2.2.4 VACUUM RELIEF PROTECTION .. 

The fluid handling system that is included in this design 

as partial fulfillment of this contract includes the manifolding 

and absorber tubes, swivel joints, a pressure relief valve, 

and automatic air vent. The largest fluid handling component 

in the manifold system is 1 1[4" (1 3/8" O.D.) copper tubing 

with a wall thickness of 0.042 inches. Analysis shows that 

the collapsing pressure is well above that which occurs should 

an internal vacuum be created." The other components of. the 

fluid handling system will be.tested by using a high vacuum pump. 
! .  



VACUUM RELIEF PROTECTION (continued) 

This fluid handling system is similar to those employed on 
. . . . 

other Northrup systems in which failure due to internal'vacuum 

h a s  not presented itself as a problem.' See Paragraph 2.1.5' for 

a'description. of the automatic air vent. 



2 . 2 . 4  

INTRODUCTION 

INTERNAL VACUUM TEST 

T h i s  test  w i l l  ensure  t h e r e  i s  no danger  t h a t  f l u i d  handl ing 

components can be damaged due t o  an i n t e r n a l  vacuum. The 

f l a t t e n e d  absorber  t u b e s ,  r e l i e f  v a l v e s ,  and swive l s  w i l l  be 

i n d i v i d u a l l y  t e s t e d .  The copper p i p e  used i n  t h e  manifold 

w i l l  n o t  be t e s t e d  s i n c e  it i s  designed t o  w i th s t and  an i n -  

ternal vacuum, and s i n c e  a n a l y s i s  i n d i c a t c g  it can c a c i l y  

w i th s t and  t h e  p r e s s u r e  c r e a t e d  by an i n t e r n a l  vacuum. 

PROCEDURE 

The absorber  t ubes ,  sw ive l s ,  and r e l i e f  v a l v e s  w i l l  be t e s t e d  

s e p a r a t e l y  by connect ing t h e  components i n  s e r i e s  w i t h  a 2- 

s t a g e  high-vacuum pump and a  Stokes-McLeod mercury gauge wi th  

a  s c a l e  range of 5000  t o  0 microns.  Each component w i l l  be 

s u b j e c t e d  t o  an i n t e r n a l  p r e s s u r e  of 1000 microns o r  l e s s  o r  

w i l l  be shown t o  have vacuum r e l i e f  p r o t e c t i o n .  I n  e i t h e r  

c a s e ,  t h e  component must n o t  be damaged. 

RESULTS 

On May 2 9 ,  1 9 7 8 ,  t h e  a i r  ven t  was vacuum t e s t e d  accord ing  t o  

t h e  above procedure .  The a i r  v e n t  a c t e d  l i k e  a  vacuum release 

v a l v e  by ven t ing  i n  a i r .  Th i s  i n  i t s e l f  should  v e r i f y  t h e  

system f o r  vacuum r e l i e f  p r o t e c t i o n  s i n c e  t h e  system should 

n o t  s e e  an i n t e r n a l  vacuum by v i r t u e  of  t h e  a i r  ven t .  
. . 

< .  

I n  a d d i t i o n  a  swive l  j o i n t  connec tor ,  p r e s s u r e  r e l i e f  va lve ,  

and a  f l a t t e n e d  copper tube  ( t e n  f e e t  long and wi th  t h e  same 



c r o s s  sec t iona l  area a s  an ' absorber tube) were vacuum t e s t e d .  

They were subjected t o  absolutely "no damage. Also,  a cap was 

screwed onto the a i r  vent t o  prevent i t s . . operat ion .  I t  was 

then vacuum t e s t e d  without damage. 



2:2.5 THERMAL CHANGES a - l  Thermal contraction and expansion will occur in both the 

manifold'and coll'ector absorbers. Their lengths will be sub- 

jected to sizeable variations which will be accommodated by 

appropriate clearance between the absorber and collector casing,, 

and between the manifold and manifold assembly. There isalso 

ample clearance in the collector and manifold-:assemblies to 

allow for any flexing that may occur. 

In addition to allowing sufficient room for expansion 

and contraction, a flexible connection between the absorber 

,tubes and manifold is employed to account for any relative dimen- 

sional changes between the two (see Drawing 01-03-023) . 



2.2.5 THERMAL CHAMGES 

. During operating conditions the collector, swivel joints, 

lenses, housing, framework, etc. will be visually inspected to 
\ ,  

ensure there is no failure of the system due to excessive thermal 

contraction or expansion. The fluid inlet temperature will be 

raised -to at least 2 5 0 ~ ~  for this test. 



2.2.5. THERMAL CHANGES 512017.8 

During operating conditions a collector, swivel..joints,. lenses, 
i 

housing, framework and the manifold (which were set up to handle 

one.collector) were visually inspected to ensure there was no 

'failure of the system due to excessive thermal expansion. The 

fluid inlet temperature was raised to 270'~ for this test which 

is considered to be. well above' normal operating temperatures. 

During this test there were no failures nor any sign of ,a problem 

resulting from thermal changes. 



e.. 2.2.6 FLEXIBLE JOINTS 

Flexing of the manifold subsys tern is adequately cornpengated . 

for with the clearances inside the manifold structure.. Linear 

expansion of the absorber is accommodated by the adequate .room 

in the manifold structure. Relative expansion of the absorber 

to the manifold and visa versa is allowed for by a flexible 

connection. See 2.2.5. See verl par. 5.2.5 for the results 

of an accelerated swivel and flexible joint life t e s t .  



2.3.2, 2.8.1, 
4.2.2, 5.2.4 

2.3.1 PRESSURE TEST: NON-POTABLE FLUIDS 

The portions of the system containing heat transfer fluid 

that would not necessarily be connected directly to the potable 

water supply are the manifold, absorber tubes, swivel connections', 

air valve, and pressure relief valve. The suggested working pres- 

sure for the system is 100 psi. The pressure relief valve is 

preset to open at 125 psi. 

The aforementioned components, except the manifold are - pres- 
sure tested before they go into operation. The test is performed 

by submersing the desired subsystem in water and filling it with 

nitrogen gas to the desired pressure level. If there is a leak, 

. . it will. manifest itself in the appearance ofbubbles. The pressure 
. . 

relief valve is tested up to its rated release pressure. to ensure 

proper ,function. The other components are tested at 150 psi. 

None of these tests have resulted in leaks or damage to components 

when the subsystem was assembled correctly. Therefore, a working 

pressure of 100 psi should be acceptable. 

Any connecting pipe from the collector array to and including 

a heat exchanger is not part of this contract and is considered 

the responsibility of the user. 



2.3 .1 ,  2:3.2, 2 .8 .1 ,  
4 .2 .2 ,  5.2.4 

PRESSURE TEST 

A l l  t h e  a b s o r b e r  t u b e s  were p r e s s u r e  t e s t e d  t o  150 p s i g  on 

A p r i l  7 ,  1978,  a c c o r d i n g  t o  t h e  p rocedure  d e s c r i b e d  on t h e  p re -  

c e d i n g  page. The a i r  v e n t  and one o f  t h e  s w i v e l  j o i n t  c o n n e c t o r s  

w e r e  p r e s s u r e  t e s t e d  t o  150 p s i g  on May 2 9 , , 1 9 7 8  a c c o r d i n g  t o  

t h e  p r e v i o u s l y  d e s c r i b e d  t e s t  p rocedure .  I n  a l l  o f  t h e  above 

tests t h e r e  w e r e  no f a i l u r e s  of any k ind .  The p r e s s u r e  r e l i e f  

v a l v e  was a l s o  t e s t e d  on May 2 9 , '  1978. ' T h i s  v a l v e  opened a t  

125 p s i  a s  s p e c i f i e d  by t h e  m a n u f a c t u r e r .  



2.3.2 PRESSURE TEST: PCrrABLE. WATER 

The pressure tests performed to satisfy paragraph 2.3.1 will also 

' Satisfy 2.3.2. 



ORIENTATION AND TILT 

D e t a i l e d  d i scuss ions  concerning t h e  s e l e c t i o n  o f  a  r o t a t i n g  

p o l a r  a x i s  mounted system a r e  conta ined i n  t he  f i r s t  month ly  r e p o r t .  

The p r i n c i p l e  o f  t h e  r o t a t i n g  p o l a r  a x i s  mounted system i s  i l l u s t r a t e d  

i n  F igure  . 

L L E L  

F igu re  

Ro ta t i ng  Po la r  Axis  Mount 
- 

The r o t a t i o n  o f  t h e  c o l l e c t o r  proceeds a t  t he  same r a t e  as t h e  e a r t h ' s  

r o t a t i o n  so tha t '  t h e  c o l l e c t o r  i s  normal t o  t he  sun. The c o l  l e c t o r  

does experience a  change of sun a l t i t u d e  due t o  t h e  e a r t h ' s  o r b i t  

about t he  sun. Th i s  movement r e s u l t s  i n  a  change i n  t h e  sun's  

a t t i t u d e  of  f 23.5' e i t h e r  s ide  of normal l i n e  which occurs on 

September 21 and March 21. 



'I'he structwe is fabricated so that the collectors d l 1  be aligned 

w i t h  the polar'axis and this dictates the design collector tilt. Orien- 

tation is maintained with the Northrup attitude controls w h i c h  typically 

updates the collector position ever 45 seconds. W s  corresponds to , . 

a tracking precision of .19 degrees which is well within the required 

design tracking precision. 



TRACKING TEST 

Procedure 

The entire collector array consisting of seven panels will 

be tested for alignment accuracy. The collector panels will 

be tracked without fluid flow during this test. All seven 

collector panels will be aligned to the sun by focusing the 

concentrated light from the lenses onto the absorbers. The 

panels will then be allowed to track the sun as they would 

in normal operation. The collector panels will be periodically 

checked visually for alignment accllracy . 

Results 

The array was allowed to track for eight days (6/22/78 through 

6/29/78). During this.period of time the collectors remained 

aligned to the sun during clear weather. 



Applicable Plmbing Standards 2.7.1 

A l l  piping and f i t t ings  in the array are of brass o r  copper 

which conform to a vast majority of local codes that my be encoun- 

tered. A l l  f i t t ings  and joints wi l l  be made with brazing that is 6% I 

. s i l v k .  This brazing w i l l  withstand temperatures in excess of 800°F 

before rrelting. And in using it in the present Mrthrup ancentra t ing j 

Collector, there. has 'never been an incident where it melted. 

Ii~slilaLiclll a~'c,und the c q p r  pipe in the nunifold-£ram is 
' 

. . glass wml. .l+nmm thickness is 1 3/4" a t  tangent pints of tubing 

to sides, top and bottan of steel busing,  and varies frun 3" t o  4" 

between these points. The insulation has a "k" factor of 0.28 @ 200°F, 

thus an average R factor of 10 plus. ' In past Northrup instal- I 
! 

lations $.hat have similar design characteristics there is no evidence ! 
f 

to  indicate there has been excessive heat conduction t o  the e n v i r o m t .  



2.8.1 RELIEF VALVES AND VENTS 

The aut'omatic p r e s s u r e  relief valve  is loca ted  on t h e  

bottom manifold.  o f  the system. The automatic relief va lve  

is s p e c i f i e d  t o  open a t  125 ' p s i ,  which is 25% g r e a t e r  than  

t h e  working p r e s s u r e  of 100 p s i .  Located on t h e  top  o f  t h e  

manifold system is an a i r  r e l i e f  ven t  r a t ed  a t  150 p s i .  

These relief va lves  have provided more than adequate s a f e t y  

measures when used on similar Northrup concent ra t ing  c o l l e c t o r s .  

See ver. par. 2.3.1 f o r  p r e s s u r e  test r e s u l t s  on the r e l i e f  

va lves .  
. . .. . 



Appl icabl e Standards (Structural Design) 

Structural design has been based on the applicable provision' 

of MPS and references standards therein.  I t  has .been treated as 

"conventional elements" which a review of structural analysis . 

should confirm, and which a re  on the conservative side.  Analysis 

i s  based on working s t resses  rather  than ul t imate 's t ress  provisions. 

All s tee l  used in fabricat ion of s t ructural  elements has a minimum 

yield ' point of 33.,000.l,bs. /sq. in .  A1 1 connecting bol t s  conform 

to ASTM 307. Allowable working s tesses  are  in accordance with 

above referred standards f o r  these materials. Service loads a re  as 

s t ipulated in paragraphs 3.1.2. See paragraph 3.2.2 which 

refers  to  para9rap.h 3.2.1 fo r  compl iance to  load combinations. 

Structural cal-culations follow paragraph 3,2,2. 



Dead loads have been determined &st tota l ly  by weighing 

canpnents rather than by calculation. One inch thick ice on all 

surfaces is used for l ive  loads w h i c h  is very conservative. The 

wind  loads used are also conservative. 

For ease of calculation, axial loads are assumed to be 

applied'at an end point. On certain members +weight is assumed 

to act  through the center which is sl ightly off the true center of 

gravity. This is true of the manifold supports, but w i l l  have 

negligible effect  on the outcarne. A l s o ,  for simplicity, f&e whd 

loading on the south brace and the manifold supports is based on 

an angle of attach of 90". This results  in a sl ightly larger 

load. 

The collector tilt angle used in a l l  calculations is 32". The 

collector alignrent corresponds t o  solar noon with the wind blowing 

from the south. A l l  analysis of forces is done graphically. 

The follawing loa&,are used for  design analysis: 

Dead mads 

Collector . - 425 U. 
Manifold Strut - 62 lb. 
Manifold Support - 25 lb. 
South Brace - 6 lb. 
South Col. Base Angle - 4 lb. 
Inclined Strut - 33 lb. 
North Wind S t r e e t  - 28 lb. 
North Column - 20 lb. 

Live mads Based 'on Ice (1" Thick - 4.67 lbs/ftL 
Collector - 700 lb. 
~ a n i f o l d  Strut - 75 lb. 
Manifold Support - 30 lb. 
South Brace - 1 5  lb. 
&%uth CoI.Base Angle - 1 0  Lb. 
North Wind Strut . . - 65 lb. 
North Column - 45 lb. 
Inclined Strut - 80 lb. 



3.1.2 Service Loads (cont'd) 

W i n d  Loads Based on 70 m.p.h. wind velocity at 30 ft. above ground level 
per Table 6, ANS A58.1-1972. 

Collector 
Manifold Strut 
Manifold supp* 
South Brace 
South Col. Base Angle 
Inclined Strut 
North Wind Strut 
North Column 

- 885 lb. 
- 105 lb. 
- 24 lb. 
- 18 lb. 
- 0 lb. 
- 55 lb. 
- 63 lb. - 46 lb. 

structurdl cdlculations follow paraqraph 3.2.2. - 



3.2.1&3.2.2 ULTIMATE LOAD COMBINATIONS-ICE LOADS 

One-inch thick ice is used in the calculation of ice loads. 

Since the system is considered made of conventional elements only, * * 
load combinations (1) and (4) will be used in which the load * 
factors are taken as 1.0. 

Structural analysis follows in the subsequent pages. 

*Load factors and load combinations are explained in Paragraphs 

3.2.1 and 3.2.2 of the - IPC Manuals. 
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' .  3.2.3 VEHICULAR LOADS 

The c o l l e c t o r .  system is  n o t  intended f o r  below grade 

i n s t a l l a t i o n  and, t h e r e f o r e ,  w i l l  no t  be subjec ted  t o  veh icu la r  

loading. 



3 .2 .4  IAad Capacity; Resistance to Damage; Deflection Limitations; 
. 3 . 3 . 1  Foundation Settlerent; Cbntraction and Expansion : 

3 . 4 . 1  
3 . 8 . 1  

The system is considered to be made of conventional el-ts and, 

therefore, is deemed to satisfy these criteria. 



GLAZING ' DESIGN 

Glazing m t e r i a l  is IX m n t  Lucite 147 w i t h  the following 

properties : 

mDULUS ELASTICITY FUXJRAL (AS1PI-D638 450,000 PSI 

FUXJRAL STRENGI'H (ASTM-D790) i7,000 PSI 

SHEAR STRENGTH (AStWD732) 9,400 PSI 

An analysis purely as a s h p l e  beam indicates that a uniform load of 

184 PSF could be applied before fai lure muld occur. Considering the 

probable loads t h a t  m y  be encountered in use and these mrking loads, 

it appears that the acrylic lens material wuld  sat isfy such conditions. 

Furthemre, the above does not give credit  t o  shape factory of 

lens which muld increase load capacity t o  a degree. 

Past experience of Northrup Concentrating Collectors has proven 

that no detrirrental darnage to the lens has occured with appmxhately 

3" of ice o r  12" snow, on a lens having a greater radius than this 

design. This m l d  indicate this design with smaller radius could 

endure greater loads. than the past experience. 

Also during past experience with over 6000 collectors in use, 

there has never been an instance t h a t  lens have failed due to effect  of 
\ 

hai l  s tom. 

~ n d l y s i s  is performed on the next page, 



GLAZING: ALXWBIX DISTRIBUTED TX)ADS 

i 
r MAX = . 9,400 ib/in2 

1 bh3 - 1 - - x  (133 i n )  (. 090 in) = .00808 in 4 
I -7r 1 2  

2 
o MAX = 17,000 lb/in2 = 18W in x  .045 i n x  W 

.00808 in 4 

W = 12,533 */in >> MAX per flexure 
Therefore 

2 WQx, = 184 l b / f t  

The total l oad  is - 
IA = 1 8 4  l b / f t L  x 133 in x 12  in = 2039 lb. 

CI 

This i s . laqer  than t h e  a n t i c i p a t e d  loading f r o m  dead, live, and wind loads  
combined. (see 3.1.2) .  F'urthemre, t h e  l e n s  shape f a c t o r  h a s  n o t  becn . t aken  
i n t o  account w h i c h  m a n s  that t h e , g l a z i n g  is mre r i g i d  than i n d i c a t e d .  

115 



3.7.1 . HAIL ILIADING 

The portion of the system mst susoeptible to hail damage is the 

acrylic l&s . During past experience with over 6,000 collectors in use, 
employing a similar lens, there has never keen an instance of failure 

due to hail stom. 

Although similarity represents the means of verification for 3.7.1, 

additionally, analysis is presented for a flat acrylic plate subjected 

to loading at the center. This -1, though very approximate, is 

thought to be similar to the lens desi* to the extent that the analysis 

provides ample assurance that the lqs will not fail on amunt of hail. 
. * 













Ponding shall  not be a problem with t h i s  design due to the s t i f fness  

of the acrylic lens. There are no horizontal surfaces on which water w i l l  

accumulate and dl1 slanted or  inclined surfaces are either constructed of 

16 o r  20 gauge galvanized steel o r  a t  leas t  0.090" acrylic. In pmtotype 

mrk no pnding of any magnitude has occurred. There have been no fa i l -  

ures associated w i t h .  structural water loading on Northrup's sbLlar ly  

designed systems which are currently employed i r i  the f ie ld  in the past 

years* 



e 4.1.1 PLUMBING CODES ON STANDARDS 

See paragraph 2.7.1. 



4.1.2, ELECTRICAL CODES AND STANDARDS 

All wiring in the control box .meets clearance standards 

required by U.L. for out-door condensing units, which is the 

closest standard applicable to the installation. All wiring 

in the control box is protected from water and the elements 

by the water-proof box enclosure. Wire and cable entries to 

the box are sealed with rubber grommets.. Wiring throughout 
0 

is u.E. approved 2/64" insulation, stranded 105 C, thermo- 

plastic, moisture resistant, U.L. classification 1230, and 

is sized per N.E.C. The external law voltage wire from the 

control box to the sensor is the same type wire. The instal- 

lation manual requires that the field power supply be con- 

nected and switched per N.E.C. The control box is labled 

"Do Not Remove This Cover When Dis-Connect Switch Is On." 

The above complies with referenced standards and codes. 



4 . 2 . 1 .  SYSTEM FAILURE PREVENTION 

The s y s t e m , i s  designed s o  t h a t  t h e  pump should b e . e l e c t r i c a l l y  

p a r a l l e l e d  with t h e  a t t i t u d e  c o n t r o l  system,' In the event  of 

a power f a i l u r e  t h e  pump'and t r ack ing  system w i l l  c ease  opera- 

t ion .  Assuming t h e  c o l l e c t o r  is  i n i t i a l l y  focused during the  

per iod  when t h e  power w a s  a v a i l a b l e ,  t h e  subsequent movement of  

the sun with r e s p e c t  t o  the c o l l e c t o r  w i l l  cause  the c o l l e c t o r  
0 

t o  defocus. A movement of 8.4 is  s u f f i c i e n t  i n  o r d e r  t o  move 

t h e  f o c a l  p o i n t  o f f  the tube, This angle corresponds t o  34 minutes 

of exposure. During t h e  per iod the focus w i l l  be g radua l ly  

moviw a c r o s s  the tube s o  t h a t  the  i n t e n s i t y  of  l i g h t  h i t t i n g  

t h e  tube w i l l  slowly decrease,  S imi lar  concen t ra to r s  

employing t h i s  e l e c t r i c a l  arrangement have had no f a i l u r e s  

repor ted  which are a t t r i b u t e d  t o  power f a i l u r e  s t agna t ion .  

A s  a n  added s a f e t y  measure, a pressure  relief va lve  has  

been mounted on t h e  lower manifold. 

See "Concentrator Stagnation-Defocusing T e s t  f0/18/77 ", 
which immediately fol lowso f o r  v e r i f i c a t i o n  t h a t  a s i m i l a r  

c o l l e c t o r  design (s tandard  Northnup concen t ra to r )  w i l l  n o t  

be subjec ted  t o  unreasonable temperatures during a power 

f a i l u r e .  Also see "Stagnat ion-Defocusiq Test 5/9/78 

f o r  v e r i f i c a t i o n  of t h e  4-Pens c o l l e c t o r ,  



PURPOSE : To determine t h e  rmcimm absorber and swivel. temperatures 

during a stagnation-defocusing period corresponding to. a 

p e r  failure. 

PROCEDURE: The concentrat ing collector w a s  allowed to  m to steady- 

state o p r a t i n g  conditions,  water flowing a t  - 3  gpn and 

the collector tracking normally. Nter an hour of oper- 

ation the t racking and flow w e r e  s imultanmusly . 
turned off. This turn-off point corresponds to t h e  

tine va iue  of ' iOi i  on the data and on the p lo t .  

CONDITIONS : W i n d s  w e r e  o u t  o f  the northwest and l i g h t ,  ranging 

from - 5  mph to 11.6 rrph. The sky was clear with no 

clouds or haze tkroughout the test. 



DISCUSSION AND 
CONCLUSION: . . The ou t le t  water tenperatme was mnitored and found 

to be v i r tua l ly  the  sane as  the  swivel data. This 
. . 

w a s  not. surprising and served . as a check on the swivel 

As soon as the water was stagnated dnd. tracking stopped 

the receiver t empra tme  began to rise. The p lo t  of the  

receiver temperature is a reasonably mth curve. This 

indicates t ha t  the effect ive  heat transfer coefficient  

f r m  the  tube to ambient did n o t  change significantly 

during the  test. In other m r d s  , the small variance 

.in wind speed throughout had l , i t t . le  effect  on the  heat 

transfer  of the  receiver. 

When the  water f l w  was  cut  off  the  swivel temperature 

dropped then began to  rise. This was probably due to a 

h lag for the  natural convection of the water inside 

the tube t o  es tabl ish  i t s e l f .  A l s o ,  there appears t o  be 
0 

good conduction frun the upper swivel to the manifold 

and return l i n e  which muld  explain the rapid cool down 

a t  the keginning and end of the  test. . The reason for  the  

inflectj.on point a t  a b u t  20 minutes in the swivel p lo t  

is not imnediatel.y obvious. . There was no sudden drop 

in insolation o r  a large increase in wind speed t o  account 

for  th is .  One possible explanation is a "shift"  in the  

natural convection of the  water m y  have, oc&ed. The 

. inflection point is not due to a phase change. If it were, 

there ~ u l d  have been another such point on the cool d m  

side of the plot .  This test should give. a good approxi- 



ration of the critical temperatures. These approximate 
- 

t-ratures (276.8OF for the receiver and 267.7OF for . 

the swivel f r a n  this test) are well within the oper- 

ating range of the materials. 



Tim Abrarbcr T f3vive.l T Ainbient T Wind Velocity D i l - e c t  Insolation 
(I4j nutes) ( O F )  (OF) ( O r )  (rlvh (MU/hr-f+2) 
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STAGNATION - DEFOCUSING TEST 

May 9, 1978 

The purpose of t h i s  test is t o  determine the maximum absorber 

and.swive1 temperatures during a stagnation-defocusing period cor- 

responding to  a power f a i l u r e ,  The absorber temperature must 

not rise above 5500 F o r  the  black chrome coating may be per- 

manently damaged. The i n l e t  o r  o u t l e t  temperature must not  

rise above 350° F o r  the  swivel O-ring may be damaged. 

PROCEllURE 
A 4-lens concentrating c o l l e c t o r  panel w a s  allowed t o  come 

to steady state operating conditionsr c o l l e c t o r  t racking and 

water fl owing in to  the co l l ec to r  a t  approximately 1.7 gpm with 

an i n l e t  temperature above 200' F. A f t e r  approximately 15  a minutes of operating time, the water flow and tracking were 

simultaneously turned off. Absorber, i n l e t  and o u t l e t  temperatures, 

d i r e c t  Lnsolation, wind velocity,  and ambient temperature were 

recorded in  one-minute in te rva l s  beginning f i v e  minutes before 

the point  of  f l u i d  and tracking cut-off  and extending to  45 
\ 

minutes afterwards. 

Posi t ions  of  the  absorber thermocouples are shown i n  the 

following diagram8 

I 

Bottom View 

EQU IPMENT 

Absorber Thermocouple 
Location 

See the "Thermal Performance (~ffici~ncy). " Verification 

13 1 



Paragraph 1.3.1, test for a description of the equipment. The 

"Stagnation Test" took place within about two weeks after the 

"Thermal Performance (Efficiency) " test' so the equipment was not 

recalibrated. 
0 

The highest absorber temperature reached was less than 320 F 

while the highest swivel temperature '(outlet swivel) reached less 

than 2 7 0 ~ ~ .  These are well below the recommended high limits of 

550°F for the absorbers and 3 5 0 ~ ~  for the swivels. Furthermore, 

this test caused absolutely no damage to the collector system. 

Therefore, there is no danger of the system overheating (when - 
installed properly) due to a power failure. 

Included with this report are plots of the absorber and out- 

let fluid temperatures as a function of time. All test data is 

documented. Note that the average direct insolation was greater 

than 280 B T U / H ~ - F ~ ~  and the average wind velocity was lower than 

lotmph, which means that conditions were excellent for this test, 
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10 X 10 TO THE CENTIMETER 18 x 25 CM. KeE KEwFEL e - to. urDt ur vsa. . 
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COLLECTOR A PE 

- 
T I M E  x 
rroq - 
Ill0 - 
f111 - 
//I2 - 

EFF t m. C p( To 

Ac . I' 

I ~ J C € A ~ ? R T O ~ ~  -4s-d 1~ D A T E :  q M Y  78 1. 
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4 . 2 . 2  AUTOMATIC PRESSURE RELIEF VALVES 

The automatic pressure  r e l i e f  valve i s  loca ted  on t h e  

bottom manifold of t h e  :system. The automatic r e l i e f  valve 

is s p e c i f i e d  t o  open a t  125 p s i ,  which i s  25% g r e a t e r  than 

t h e  working pressure  of 100 p s i .  Located on t h e  top  of the  

manifold system is  an a i r  r e l i e f  ven t  r a t e d  a t  150 p s i .  

These r e l i e f  va lves  have provided more than adequate s a f e t y  

measures when used on s i m i l a r  Northrup concent ra t ing  c o l l e c t o r s .  

See ver .  par .  2.3.1 f o r  pressure  t e s t  r e s u l t s  on t h e  r e l i e f  

valves.  



4.3.1 Applicable Fire,Standards 

There are no combustible materials adjacent to high temperature 

components. There are no combustib'le fluids used in this system. 

Control box i s  vented and experience has proved t h a t  maximum temperatures 

reached inside the box could be 160'~ a t  which temperature the wiring i s  

approved by N. E.  C. and 1 ubricant flashpoi n t  or working temperature i s  

not reached.. There are no other f i re  hazards. 



F 
4.5 .2 .  IDENTIFICATION AND LOCATION OF CONTRQLS 

The only controls internal to this system are limit switches 

for the tracking system which are identified in the ~nstallation. 

O~eration a Maintenance Manual. The power supply' is external 
and is required to be identified per N.E.C. as described in the 

above manual. 



. , 

4,6 ,1 ,  CONTAMINATION BY MATERIALS 

The f l u i d  handling system, which is included i n  t h i s  con- 

tract, i s  composed.of components which are a l l  accepted and, 
~, \ !~j '  : !  

recognized materials and which a r e  compatible with - potable 

water, The hard copper tubing, pipe f i t t i n g ,  pressure r e l i e f  

, .valve@ and automatic a t r  vents are componets which are commonly 

used i n  domestic hot  water systems without a f f ec t ing  the  taste, 

odor or  physical qua l i t y  and appearance of the  water, The 

swivel f i t t i n g  is not  commonly used i n  potable water systems 

but the faaterials used In  i t s  construction a r e  commohly used. 

The swivel f i t t i n g  i s  constructed of brass,  ethylene propylene 

'rubber and s i l i c o n e  rubber and these materials  a r e  cominonly 

used in  potable water systems without e f fec t ing  the  qua l i ty  

o r  appearance of the water, 



4.6 .4  GROWTH O F  FUNGI 

The growth o f  fungi ,  which genera l l y  app l i es  t o  a i r  

hand l ing  systems does n o t  a p p r o p r i a t l y  apply t o  t h i s  system. 

A l l  of t h e  components used i n  t h e  f l u i d  hand l ing  system meet 

o r  exceed na t i ona l  plumbing code standards so t h a t  they w i l l  

be as sa fe  from growth o f  f ung i  as any po tab le  plumbing system. 

The extremely h igh  absorber temperatures w i l l  i n h i b i t  the growth 

o f  fung i ,  mold o r  mildew i n s i d e  the  c o l l e c t o r  housing. 



PKYmmION rn HEATED CaMPONEWTs 

Though the design intent of this system was not to locate such 

a &tem in an &a normally subjected to public t raff ic ,  sufficient 

safeky measures have been taken to protect the public frcan the collector 

absorber surface and fluid loop both of which may be maintained a t  

temperatures in excess of 140°F. This protection'was added for 

functional reasons rather than a safety masure. Insulation was 

wrappd around the fluid system including the absorbers to prevent 

excessive heat losses. The fluid manifold loop is w e l l  insulated and 

contained within a manifold structure which is actually part of the 

oollector structure. The absorbers are equally well insulated. They 

are enclosed in a mtal casing, and covered with the lens which also 

serves as an outer glazing. Provided the ambient temperature does not 

exceed 100°F no part of the collector systw exterior w i l l  be main- 

tained a t  terrg?eratures in excess of 140°F. 

This design is similar t o  the K w r t h r u p  concentrating collector 

systems presently in use. There has never been any evidence indicating 

there was Pnadaquate protection frm heated components i.n an, of these 

installations. 



5.1.1 . SOLAR DEGRADATION' 

, . 

, . 
; /. 

The cu r ren t  Northrup product ion  concent ra t ing  c o l l  e c t o r  which 

u t i l i z e s  an a c r y l i c  lens  and sensor lens ing  has no h i s t o r y  o f  de- 

creasing e f f i c i e n c y  performance which would be a t t r i b u t e d  t o  y e l l o w i n g  

of embri t t lement  o f  the  1  ens. Ne i ther  have any problems i n  t h e  c u r r e n t  
. . . . 

t r ack ing  sensor been a t t r i b u t e d  t o  the  degradat ion o f  t h e  housing by 

s o l a r  r a d i a t i o n .  . . 



Systemrnaterials f i c h  are exposed t o  airborne pollutants are the 

same materials of oonstruction used in the s ingle absorber cancentramr. 

E b l l h g  is a list of single absorber ooncentrator i n s t a l l a t i m s  

and the dates of initial expsure.  
. . 

ws- 
Name Location Ihte 

New Mexico State University Las Crup=s, New Wico 1-7 5 

University 

RadiAn Corporation. 

San Antonio, Texas 4-76 

Austin,. Texas 6-76 

: Amrican Motor Inns St. Tho~nas, Virgin Islands ' 1-77 

Sundance; Inc. Sundance, Utah 9-77 

Brefeld P i d i n g  Trenfon, I l l i n o i s  6-76 

College muse A p r b e n t s  Austin, Texas 6-77 

A.c.E.'s. Incline Village, Nevada 8-77 

Since initial expsure, airborne pollutants have not s ignif icant ly 

impaired the performance of the  mmponents of any of these systems. 

Therefore, airborne pollutants are not expected to adversely af fec t  

the present system. 



5.1.4 D I R T  RETENTION ON COVER PLATE SURFACE 

The l e n s  o f  t h i s  concent ra to r  des'ign i s  analogous w i t h  t h e  

cover p l a t e  o f  a convent ional  f l a t  p l a t e  c o l l e c t o r .  The absorber 

i s  conta ined w i t h i n  cas ing and sealed w i t h  an ou ter  g l a z i n g  o f  a c r y l i c  

which a c t s  a l s o  t o  concen.trate t he  t ransmi t t ed  l i g h t  by r e f r a c t i o n .  

The o u t e r  g laz ing  i n  t h i s  p a r t i c u l a r  design has an e i g h t  i n c h  r a d i u s  

o f  curva ture  which should f a c i l i t a t e  t he  na tu ra l  c l ean ing  o f  t h e  

c o l l e c t o r  p l a t e  by r a i n f a l l .  Since the  c o l l e c t o r s  a re  mounted q l i gned  

w i t h  t h e  p o l a r  ax is ,  t h e . l e n s  sur face  has a s lope equal t o  t he  l a t i - .  

,tude angle. This. l o n g i t u d i n a l  design slope, t h e  raidi u s o f  curva ture ,  . . 

.and the  d a i l y  r o t a t i o n  o f  t h e  c o l l e c t o r  w i l l  min imize d i r t  r e t e n t i o n  

,on the  cover p la te .  Water spots and any f i n e  p a r t i c l e s  which do 

tend t o  c l i n g  t o  t he  sur face  w i l l  have no g rea te r  e f f e c t  on t h e  l ens  

performance than they would have on any o t h e r  convent ional  . f l a t ,  p l a t e  

cover. Simple hosing o f  t h e  l ens  i s  s u f f i c i e n t  t o  c l ean  d i r t  frori: 

t he  acry' l  i c  sur face.  



5.1.5 ABRASIVE WEAR. 

Acry l  i c  i s  a  r e l a t i v e l y  s o f t  ma te r i a l  as compared t o  glass, however, 

t h e  use of g lass  l ens  i s  q u i t e  imprac t i ca l  under these cond i t ions .  

Abrasive wear might  be expected t o  present  a  poss ib le  problem i n  areas 

s u b j e c t  t o  wind d r i v e n  sands. However, outdoor  aging s tud ies  by ~ a n d i a  

~ a b o r a t o r i e s *  i n d i c a t e  t h a t  t ransmiss ion l o s s  due t o  abrasive wear over 

a  17 year  exposurc pc r i od  amounted t o  o n l y  t e n  per  cent.  O f  t h i s  ten  

per  cent  loss ,  th ree  per cent  was a t t r i b u t e d  t o  a  chemical change i n  

t h e  ma te r ia l ,  a s l i g h t  ye l lowing,  w h i i e  t he  o ther  seven per  cent  was 

a t t r i b u t e d  t o  p i t t i n g .  by sand p a r t i c l e s .  Only a  ten  per  cent  l o s s  over 

seventeen years due t o  surface eros ion  i n  such wind d r i v e n  sand area 

as A1 buquerque, New .Mexico i nd i ca tes  an a b i l  i ty  t o  r e s i s t  sur face wear 

which would s i g n i f i c a n t l y  impa i r  t h e  c o l l e c t o r  f rom func t i on ing  a t  i t s  

design capaci ty .  . % 

* 
L.G.Rainhart and W.P.Schimme1, J r . ,  " E f f e c t s  o f  Outdoor Aging 

on Acry l  i c  Sheet", Solar  Energy, - 17, 259-264 (1975). 



The only canpnents in this design t h a t  muld be subject to wind 

flut tering to an extent that might be functionally damaging is the lens. 

However, as can be seen in the design drawings the lens is held securely 

to the casing along each side of the lens. ~ v e n  without this secure 

fastening the .O9Ow xninhm lens thickness is mre than adequate in pro- 

viding support for the 12" spn. Since f lut tering of the lens y i l l  not 

occur even a t  mderately high wind speeds, no a g e  is expected as the 

result of t h i s  inf luenoe . Similar aoncentrating collectors, . inc ld ing  

structural caqmnents, haw slarn noindication of degradation either 

functionally or  m e t i c a l l y  which muld be attributed to wind flut ter-  

ing . 



FLUTTERING TEST ' 

Procedure . .. 
Wind flutter for theentire collector array was checked by 

inspection during eight days of tracking (6/22/78 through 

6/29/78). Wind and temperature data were taken by our instru- 

mentation. The voltage across the solar sensor was recorded 

by a strip-chart recorder. In addition, impulses from- the 

electronic control board that indicate tracking direction. 

were recorded. 

Results 

As evidenced by the strip-chart recordings, the wind did not 

interfere with tracking. That is, the time space between west 

tracking update periods remained reasonably constant throughout - 

each test' and there was never any evidence that wind had caused 

the collectors to track east. The strip chart recordings immedi- 

ately follow, 









THERMAL DEGRADATION 

Lens 

A1 though the 'extruded acrylic lens ha's A 1 OW me1 ti ng point of 

about 1800 F, the lens will not be subjected to such temperatures. 

The lens is sufficiently removed from the absorber tube that the 

temperature at any point on the lens should not exceed a temperature 
I 

of 1500 F. Many collectors mechanically similar to this design have 

been in field use for years and not one failure has occurred which . 
can be attributed to thermal degradation. 

Casing 

A semi-rigid insulation is used in the design. This is the same 

insulation used in previous Northrup Concentrating Collectors. In these 

collectors thermal performance has never been impared because of out- 

gassing of the insulation. Condensate does not form on the inside lens 

surface which means that light transmission will not be impeded. In 

addition, the semi-rigid insulation will not lose its shape. This 

eliminates any chance that the Insulation will fall down over the 

absorber and obstruct incident sun1 ight. 

Manifold 

The fluid loop manifold system is constructed of hard copper 

tubing and will not be detrimentally affected by the temperatures that 

are generated by these collectors. The pressure relief valve and the 

automatic air vent are constructed of materials capable of withstanding 

normal design service temperatures as well as the design pressure at 

these service temperatures. 

Absorber 

The absorber will be constructed of type M, hard copper tubing and 



,I , 5.2.1 (Continued) 

has a maximum rated temperature in excess of 600°F. The selective 

coating of bright nickel and black chrome has a maximum temperature 

of about 650.OF before the selective properties of the coating 

are permanently affected. Stagnation temperatures should never 

exceed 400" and therefore should not affect the performance of 

the selective coating. 

The swivel joints which are used to connect the absorbers and 

1 manifold are also subject to extreme fluid temperatures. These 
E3 

swivel joints are designed to withstand temperatures of 300°F at 

pressures greater than 125 psi. The swivels have been tested in 

actual operating conditions. No leaks were detectable under these 

conditions. See ver. par. 5.2.5 for the test re'sults. 

Trackina Svstem 

The components of the tracking system are exposed only to 

the ambient temperatures and are not subjected to the extreme 

temperatures of the collector. Therefore, the components of the 

tracking system have been selected based on the consideration 

that they will be exposed to extreme outdoor temperature conditions. 



5.2.2 DETEEUORATION OF HEAT TRANSFER FlUIDS 

For warm to mild climates where freezing occurs only several 

days of the year or not a t  a l l ,  the remmmnded heat transfer 

fluid is watex. ' F'reeze protection w i l l  - be acamplished by 

forced circulation during extrm cold periods. The a l l  

copper absorber and manifolding mt dasnestic water codes. As 

a result the manifold absorber fluid loop is analogous to a 

conventional hot water system. Therefore, precipitation 

and scaling should'not occur to any greater extent than it. 

b s  in canmt iona l  damstic wnw system. 
. . 

1n' colder climates ethylene glycol, pure or i n  solution 

with water, reammended for use with the system. This fluid 

is recarmended for use w i t h  a l l  the materials it m s  in con- 

tact w i t h ,  as outlined in Section 5.3,l. The design operat- 

ing pressure of 100 psi w i l l  allow service temperaturks in 

excess of 3009' before boiling occurs with either water or 

ethylene glycol as the fluid. 



THERMAL CYCLING' STRESSES 

Lens 

The acrylic lens is the major component of this collector 

system design which is most susceptible to thermal cycling. Long 

term exposure tests have indicated that there is little physical 

damage which would be associated with thermal cycling provided 

proper allowances have been made in the design. for stresses.due 

to the lens thermal expansion and contraction. The expansion'and 

'contraction of the lens results in a difference of 0.047" per 

foot between ambient temperatures of 20 to 120°F'. The follwing 

table illustrates the thermal expansion and contraction of the , 

acrylic 

(MILS PER FOOT)' 

In order to accomodate this size cycling the casing and lens . 

are de.signed so as to provide a sliding attachment for the lens. 

Screws at the top of the casing provide a fixed point for the lens. 

The bottom end of the lens is not fastened to the casing but is 

allowed to move in order to accomodate the dimensional changes.of I 



5.2.3. (Cont inued)  

t h e  l e n s  which migh t  b e  a s  g r e a t  a s  one i n c h d e p e n d i n g  on t e m -  

p e r a t u r e ,  .and humid i ty  ' c o n d i t i o n s .  T h e r e f o r e ,  t h e  s l i d e '  d e s i g n  

a l l o w s  f r e e  movement o f  t h e  l e n s  due t o  t h e r m a 1 , e x p a n s i o n  and 

a l l e v i a t e s  t h e  t h e r m a l  stress i n  t h e  l e n s .  

Absorber  

Thermal stress i n  t h e  a b s o r b e r  assembly s h o u l d  n o t  b e  a 

problem, due  t o  a l l o w a n c e s  o f  adequa te  s p a c e  f o r  e x p a n s i o n  (see 

2.2.5). 

The lens and a b s o r b e r  d e s i g n  a r e  s i m i l a r . t o  t h e  o n e s  i n c o r -  

p o r a t e d  i n  t h e  many Nor thrup c o n c e n t r a t o r s  now i n  t h e  f i e l d .  I n  

t h e s e  c o l l e c t o r s ,  stress due t o  t h e r m a l  c y c l i n g  h a s  n o t  r e s u l t e d  

i n  p h y s i c a l  damage. 



5.2.4 LEAKAGE 

See verification . . paragraph 2.3.1. 



5 . 2 . 5 .  DETERIORATION OF GASKETS AND SEALANTS 

There is only one gasket o r  s ea l an t  which is  i n  contact  

w i t h  the heat  t r ans fe r  f l u i d  i n  the  design. The o-ring seal 

of the GRA-TEC swivel i s  'exposed t o  the  t r ans fe r  f l u id .  Ethylene 

propylene rubber, EPR, would be recommended f o r  systems using 

water as the heat  t r a n s f e r  f l u i d .  Although the recommended 

temperature r a w e  f o r  EPR is  65O t o  3000F, this material is  

recommended f o r  water o r  steam l i n e s  up t o  GOOOF. The material 

is also quite good a t  r e s i s t i n g  drying and embrittlernent, A n  

aecelera tcd swivel life test ind ica tes  that the EPR o-ring 

seal can endure 20 years of the ro ta t ions  it w i l l  b e  subjected 

t o  i n  ac tua l  f i e l d  i n s t a l l a t i ons .  The t e s t  write-up immediately 

follows 



ACCELERATED SWIVEL & FLEXIBLE JOINT LIFE TEST 

PROCEDURE 

The proposed swivel-flexible hose joint will be mounted on a 

test fixture that will simulate actual field operation. The 

hose end will be connected to a 'stationary tube while the swivel 

end will be connected to a tube that will rotate 180° in one 

direction, then will rotate back,180° to the original position, 

This complete cycle will take place every 69 seconds as opposed 

to an actual collector-swivel arrangement which would undergo 

a cycle once a day. During the accelerated test, approximately 

a 50% ethylene glycol-water solution will flow through the 

swivel. The fluid temperature will be varied so that its 

temperature will be about 160° F for a portion of each day and 

about 260' F for the remaining part of each day. It is hoped 

that the swivel-flexible hose joint will survive six (6) days of 

testing without leaking which corresponds to more than twenty (20) 

years of cycles in a real collector situation. There is ample 

reason to believe that this swivel will pass the test since 

a similar design has easily met this. requirement. 

RESULTS 

The accelerated swivel-flexible joint life test was performed 

according to the above procedure. The test was started 

May 15, 1978, and allowed to run at 80 psig for a duration of 

six days. 



The t e s t  w a s  r epea t ed  a t  100 p s i g  beginning May 23, 1978, 

and run  f o r  a d u r a t i o n  of s i x  days.  Once each  day i n  bo th  tests 

t h e  p r e s s u r e  w a s  reduced t o  z e r o  p s i g  t o  ensu re  t h a t  t h e r e  would 

be  no l e a k s  a t  low p re s su re .  For t h e  second tes t  the ,  f l u i d  

tempera ture  was mainta ined a t  approximately  200° F throughout .  

I n  e i t h e r  test t h e r e  w a s  no l e a k i n g  of  t h e  swive l  j o i n t .  The 

f l e x i b l e  hose  and t h e  O-ring showed no s i g n s  of  d e t e r . i o r a t i o n .  



5.2.6 TRANSMISSIa 'LOSSES WE TYl 0vIY;AsING 

A &mi-rigid insulation is used in the design. This is the san-e 

insulation used in previous Mrthrup mncentrating &llectors. In 

these collectors thermal perfonknce ne& been impaired because of 

outgassing of the insulation. Cbndensate 'does not form on the inside 

lens surface which mans that sunlight transmission w i l l  not be impeded. 



This system la designed so as to provide domestic hot 

w@te;as well as hot water for heating and cooling applications. 

Since potable water is recommended as the normal heat transfer 

f lu ido ,  all the components of the fluid line must be chemically 

compatible with potable water. The copper lines used in the 

manifold and absorbers are composed of materials identical with 

that used in domestic hot watter applications. Similarly the 

pressure relief valve and automatic air vent are components 

which are designed for use with potable water. The swivels 
. '  . 

'are made of brass and silicone rubber are also compatible with 

potable water and finally the ethylene propylene rubber 0-rLw 

is recognized as a standard seal material for hot water applications, 

!# ~hireiore, all of the components and materials used in the 

fluid handling system are recognized for potable water applications. 

Ethylene glycol is also recommended for.use with the system. 

Volume 1 of the ASM ~etals Handbook gives a good corrosion resistance 

rating to copper, brasss and bronze when used with ethylene 

glycol, The air vent and the swivels are made of brass and 

the pressure relief valve is made of bronze so these componenes 

of!ehe system can be used with ethylene glycol. Silicone rubber 

and ethylene propylene rubber, materials also used in the swivels, 

are compatible with ethylene glycol. 



0 5.3.2 CORROSION OF DISSIMILAR MATERIALS 

There are  no non-isolated d i s s i m i l a r  m a t e r i a l s  i n  contac t  

w i t h  each o ther  i n  t h i s  design which would cause cor ros ion .  The 

f l . u i d  1  oop inc lud ing  the manifold, absorber tubes, pressure re1  i e f  
. . 

valve, a i r  vents, swivel f i t t i n g s ,  and expansion j o i n t s  a r e  a l l  

constructed o f  copper o r  brass and present  no co r ros i ve  problem 

due t o  d i s s i m i l a r  metal junc t ions .  If the  user  in tends  t o  connect 

t h i s  brass and copper system t o  o the r  p i p i n g  m a t e r i a l s  then he 

must take necessary precaut ions t o  prevent  co r ros ion  a t  t he  

in te r face .  This i n t e r f a c e  connection, however, i s  t he  responsi b i  1  i t y  

o f  the user. 

The housing and s t r u c t u r a l  support u t i l i z e  no d i s s m i l a r  

metal junct ions which might  cause cor ros ion .  Therefore, t he re  a re  

no non-isolated d i s s i m i l a r  metal  j u n c t i o n s  which would r e s u l t  i n  

corros ion due t o  e l  ec t ro  chemical reac t i ons .  



5.3.3 CORROSION BY LEACMP-RLE SUBSTANCES 

This.system does not utilize any materials which release 

chemical substances that can leach other materials. The manifold 

h~using as well as the collector housing or casing is constructed 

of galvanized steel and will not deteriorate if the leachable 

substance did exist. Furthermore, no collector system in use 

wh.ich was manufactured "by Northrup using these same materials. 

has corroded due to leachable, substances released from another . 

component so as to impair the ability. .of the. component. to perform 

'its intended function over i,ts . service . . l i f e .  . 



The design of this system does not ut i l ize '  any mterial which 

can chemically decanpose and effect  the 'operatio* of any other 

ampnents. Possible problem areas such as the deoanpositi6n of 

the absorber coating and the bearing shafts will' not effect  the 

performance of other c a p n e n t s  in the collector. The bearing is 
. - .  

ocsnpletely sealed so that  any r u s t  'cannot impair the functional 

movement of this w n e n t .  The black dram coating on the copper 

tube is Capable of withstanding 650% temperatures and w i l l  not 

release materials o r  products which can condense on the inside lens 

surface. ' Therefore, i t  appears that .there i r e  no coqmnents o r  i t e m s  ' 

in the oollector design which are extremely susceptible to chemical 

decampsition. So there is l i t t le  chance that any chemical decanposi- 

t ion products w i l l  be expelled £run w n e n t s  under in-use conditions 

and cause the degradation of other cmpn&ts.. 



5.4.1 . WEAR AND FATIGUE 

. Moving p a r t s  i n  t h e  system des ign  i n c l u d e  t h e  au tomat ic  a i r  

e l i m i n a t o r ,  p r e s su re  r e l i e f  v a l v e . a n d  swive l s  i n  t h e  f l u i d  hand- 

l i n g  system, t h e  s h a f t  b e a r i n g  f o r  c o l l e c t o r  r o t a t i o n  and f i n a l l y  

t h e  l i m i t  swi tches ,  r e l a y s ;  d r i v e  screw assembly, and electric 

motor of  t h e  t r a c k i n g  system. 

~ l u i d  Handling System 

The automat ic  a i r  e l i m i n a t o r  v e n t  i s  manufactured by  aid-0 

M i s t .  The recommended ven.t i s  model number 74 and i s  r a t e d  a t  

1 5 n  p s i  maximum system p re s su re .  The v e n t  i s  b u i l t  o f  non- 

f e ~ r o u s  metals, a Monel metal s p r i n g  and a  keoprene va lve  seat.  

Neoprene i s  r e s i s t a n t  t o  o i l s ,  s i l i c o n e  f l u i d s :  and 

wa te r ,  and has  a recommended s e r v i c e  tempera ture  of  more than  

300' F. The number 74 auto-vent  i s  a  q u a l i t y  i n d u s t r y  wide 

recognized  a i r  v e n t  capable  of long l i f e  t i m e  ope ra t ion .  However, 

be ing  q u i t e  economical,  replacement o f  t h e  a i r  v e n t  a f t e r  s e v e r a l  

y e a r s  of s e r v i c e  i s  q u i t e  reasonable .  

P rqs su re  ~ e i i e f  Valve 

. The p re s su re  r e l i e f  va lve  recommended f o r  t h i s  system is  a 

Watts  number 3L se t  a t  125 p s i  r e l e a s e .  I t  has  a  ASME c o n s t r u c t i o n  

and i s  c e r t i f i e d  by t h e  Na t iona l  Board of B o i l e r  and P re s su re  
. * 

V e s s e l  I n spec to r s .  The b o d y . i s  cons t ruc t ed  of  bronze and a l l  

o t h e r  m a t e r i a l s  a r e  i s o l a t e d  o n  t h e  e s t e r i o r  of t h e  va lve  s e a t .  

T h i s  v a l v e  i s  compat ible  w i th  water  and steam and has  a  maximum 

h e a t  r e l e a s e  c a p a c i t y  of about  2,500;000 BTU/HR. 



5.4.1 (cont inued)  

C o l l e c t o r  Panel  and Tracking ~ r i , v e  Bear ings  ' . 

~ e a r i n g s  are permanently l u b r i c a t e d ,  t o t a l l y  enc losed  b a l l  

bea r ings ,  des igned f o r  extreme weather  i n  unpro t ec t ed  a p p l i c a t i o n s  

such as farm t r a c t o r s ,  r o l l i n g  s t o c k s ,  c r a n e s ,  c r u s h e r s ,  screws, 

e t c .    he l u b r i c a n t  is  des igned  f o r  a maximum 250° F c o n s t a n t  

o p e r a t i n g  tempera ture  and 300' F maximum i n t e r m i t t e n t  t empera ture .  

Under des ign  l o a d s  and condi t ions , ,  manufac ture rs  tests are 

publ i shed '  as  fv l lows  a f t e r  1,800,000 'revolutions: 

Loss of l u b r i c a n t  :. 15% . . 

Inc rease  i n  f r i c t i o n :  0.01 inch  pounds 

Loosening '' on s h a f t  : None 

Under normal o p e r a t i o n  c o n d i t i o n s ,  t h e  c o l l e c t o r  b e a r i n g s  

make one r e v o l u t i o n  p e r  day o r  7,300 i n  20 y e a r s  and t r a c k i n g  

system bea r ings  make'620 r e v o l u t i o n s  p e r  day o r  2,264,550 i n  

10 years .  From t h e  above, it i s  appa ren t  t h a t  t h e s e  b e a r i n g s  

should f u n c t i o n  p rope r ly  f o r  t h e i r  s e r v i c e  l i v e s  w i thou t  e x c e s s i v e  

wear o r  malfunct ioning.  

Swivel J o i n t s  . 

The swive l  is  cons t ruc t ed  of  p l a i n  b r a s s  and s i l i c o n e  rubber  

and u t i l i z e s  an e t h y l e n e  propylene rubber  o - r ing .  The r e s u l t s  

of an a c c e l e r a t e d  swive l  l i f e  t e s t  i n d i c a t e  t h a t  it can wi ths t and  

the  r o t a t i o n s  involved i n  20 y e a r s  of  a c t u a l  f i e l d  o p e r a t i o n s  

( see  v e r i f i c a t i o n  paragraph 5.2 .5  f o r  t e s t  w r i t e  u p ) .  

Tracking System Relays & L i m i t  Switches 

The t r a c k i n g  s y s t e m ~ t y p i c a l l y  upda tes  i t s  p o s i t i o n  eve ry  

4 5  seconds: Th i s  corresponds t o  .35 m i l l i o n  o p e r a t i o n s  p e r  yea r  



f o r  t h e  w e s t  d r i v e  r e l a y .  The r e l a y s  are r a t e d  a t  10 m i l l i o n  

o p e r a t i o n s ,  and, t h e r e f o r e ,  should have a l i f e t i m e  of  more 

t h a n  20' yea r s .  

The l i m i t  sw i t ches  w i l l  o p e r a t e  approximately  400 t i m e s  a 

y e a r .  The 8,000 o p e r a t i o n s  cor responding  t o  a  20-ye,ar l i f e t i m e  

is w e l l  w i t h i n  t h e  des ign  l i m i t s  of  t h e  switch.  

Track ing  Drive Screw and Nut 

According t o  the  manufac ture r ,  t h e  l i f e t i m e  o f  t h e  d e l r i n  

d r i v e  n u t  w i l l  be as h igh  as l o 6  i n c h e s  when used i n  a low speed 

a p p l i c a t i o n  such as i n  t h i s  c o l l e c t o r  system. 

For  purposes  o f  l i f e t i m e  c a l c u l a t i o n ,  it i s  assumed t h e  d r i v e  

screw w i l l  t r a v e l  t h e  maximum p o s s i b l e  d i s t a n c e  a s  r e q u i r e d  by t h e  

' t r a c k i n g  components or 61.8 i nches  p e r  day o r  61.8 x  365 1 / 4  = 

2.26 x l o 4  i nches  annua l ly .  

I t  i s  e v i d e n t  t h e  c a l c u l a t e d  l i f e  of  t h e  d r i v e  n u t  i s  i n  

. . e x c e s s  of  20 y e a r s  o f  u t i l i z a t i o n  o r  . the des ign  l i f e  of  t h e  system. 

Track ina  Drive Motor 

The d r i v e  motor is  a  permanent s p l i t  c a p a c i t o r  gearmotor ,  

w i t h  a permanent gea rcase  lube .  They have shrouded c o o l i n g  f o r  

con t inuous  o p e r a t i o n  and a d u a l  thermal  and = , u r r e n t  over load  senso r  

t o F f u r t h e r  p r o t e c t  t h e  motor. L i f e  expectancy a s  e s t i m a t e d  by t h e  

manufacturer  i s  2000 hours  of  running t i m e  which cor responds  t o  

4.25 y e a r s  of  c o l l e c t o r  o p e r a t i n g  t i m e .  Th i s  motor is r e l a t i v e l y  

inexpensive and s e r v e s  300 n e t  sq .  f t .  of  c o l l e c t o r s .  I t  i s  

cons idered  t h a t  replacement  a t  a consumer c o s t  of  approximately  

$20.00 is  i n  t h e  b e s t  i n t e r e s t  of  t h e  u s e r  r a t h e r  t han  s e l e c t  a 

motor of  twice  t h i s  c o s t  and s t i l l  r i s k  replacement.  Replacement 

i s i e a s i l y  f a c i l i t a t e d  wi thou t  d i sman t l i ng  o t h e r  p a r t s  of t h e  system- 



\. - 

1 6.1.1 ACCESS FOR SY,STEM MA.INTENAMCE 

The ' collbc tbr iys tem was 'designed sb that cohponents would 
. t  , , . . 

be easily accessible for inspection, service, repair, removal, 
, .  . . ... ,. : . .  , . . . 

or replacement. 
. . . . . . 

. . 
Sheet metal lids cover both manifold housings and can be 

: . 1. 

easily removed after taking out the connection screws. with 

the lids off the manifolds can be readily inspected or repaired 
. . 

if necessary. Should manifold replacement be required, the 

sheet metal stiffeners on the housing can be easily taken off 
. . , . . . 

and GRA-TEC swivels quickly. discomec ted. 

' . The easily disco~&cted swFvels also will allow easy 
. . . . . . 

removal' of collectors.   he inner portion'of a coliector is 

readily accessible by removal of the lenses which merely 

a require taking off the lens hold downs, 

The electronics and drive mechanism are enclosed in a 

sheet metal box and are reached by unfastening a sheet 

metal lid. Individual components can then be inspected or 

replaced kf neededi 



6.1.2 ACCESS TO SYSTEM MONITORING 

Any devices or sensors which would be required to 'monitor 

the system performance can be mounted externally to this system. 

Appropriate flow meters and temperature sensing devices can be 

mounted on the ends of the manifolds to monitor the overall perfor- 

mance of the collector system. No allowances have been made in 

the manifold system to monitor individual collectors since this 

would be prohibitively costly as a monitoring process. Adequate 

allowances have been made in the manifold support systems to 

accomodate instrumentation should' the user decide they. are 
.: I , I 

. . ' appropriate. Instrumentation and appli:cation of sensing devlces 

will be the responsibility of the user and not the responsibility 

of Northrup. ,'.However, special arrangements can be made to 

accommodate. sensor mounting. 



6.1.3 .DRAINING AND FILLING OF LIQUIDS 

The concentrator fluid loop including the manifolds and 

absorbers, can be drained and refilled through the bottom 

manifold. A single valve in the bottom manifold can serve as 

the drain for the entire array. Draining is accomplished by 

opening a drain valve in the lower manifold and opening a vent 

valve in the top manifold in the array. The air vent at the 

top of the upper manifold dutornatically allows air to escape 

and eliminate air pockets when the system is refilled. The 

automatic air vent is described in criterion 2.1.5. In addition 

to this air valve, a manual bleeder valve is provided to insure a 

fail-safe check for entrapped air when maintenance draining is 

required. 



6.1.4. FLUSHING OF LIQUID SUBSYSTEM 

The system should be flushed with plain tap water using 

the procedures outlined in the Installation, Operation, and 

Maintenance Manual. 
I 



' ,  6.2.1 . . . , Installation Instructions 
. ? 

The installation of the collector system is covered fully 
., . 

in the Installation, Operation, and Maintenance Manual. 

6.2.2 Maintenance and Operation ~nktructions 
. . 

These instructions are included in the ~nstallation, opera- . . 

tion, and Maintenance Manual. 

6.2.3 Maintenance Plan 

The maintenance plan is given in the Installation, Operation, 

and Maintenance Manual. 

6.2.4 Replacement Parts 

Parts, components and equipment required for service, repair 

or replacement are available from the system manufacturer.. A 

parts list and availability are' included in the Installation, 

Operation, and Maintenance Manual. 



MAINTENANCE OF H AND HC SYSTEMS 

H and HC systems are not included as part of this collector 

system, but are the responsibility of the user. Therefore, this 

requirement is automatically satisfied. 



6.3.2 MAINTENANCE OF DHW SYSTEM 

A DHW System is not included as part of this collector system, 

but is the responsibility of the user. Therefore, this requirement 

is automatically satisfied. 



11.2;1 (3-imIcAL mFWxION 

The design of th i s  system does not u t i l i z e  any material w h i c h  can 

chemically dearnpose and effect  the operation of any other cmpnents. 

Possible problem areas such as the deccnposition of the absorber coat- 

ing and the bearing shafts w i l l  not effect  the p e r f o m c e  of other 

ampments in the collector. The bearing is q l e t e l y  sealed so that 

any rus t  cannot impair the functional -t of this cmponent. The 

black d r u m ?  coating on the copper tube is capable of withstar,ding 650°F 

tenpratures and w i l l  not release mterials o r  ' products which can con- 

dense on the inside on the inside lens surface. Therefore, it appears 

t h a t  there 'are no cmponents o r  items in, the collector design h . ich are 

-ly susceptible to chemical deconposition. So there is little 
, . .  . . 

chance that any chemical deampsi t ion  products w i l l  be expelled from 

c a p n e n t s  under in-use oonditions and cause the degradation of other 



Supports of this solar system are space 10.0' north-south 

and 10.6' east-west for each collector panel. These are the 

only points.that are in contact with the mounting surface. All 

other components of this system are above and have free air 

circulation between the mounting site. The supports are.wel1 

insulated from any heat producing components. Excessive conduc- 
. . 

tion to the mounting points would not take place because of this 
, . 

insulation. Furthermore, the insuldtion is. separated by at . A . . 

least 33." of metal which is exposed to ambient temperature and 

free air circulation. 
. . 



11.3.1 MATERIAL COMPATIBILITY 

There are no non-isolated dissimilar materials in contact 

with each other in this design ,which would cause corrosion. The 

fluid loop including the manifold, absorber tubes, pressure relief 

valve, air vent, swivel fittings and bleeder valves are all 

constructed of copper or brass and present no corrosive problem 

due to dissimilar metal junctions. If the user intends to connect 

this brass and copper system to other piping materials then he 

must take necessary precautions to prevent corrosion at the inter- 

face. This interface connection, however, is the responsibility 

,. . of the' user. ' . , . . . .  . . . 

The housing and structural support utilize no dissimilar 
. . . . 
metal junctions which might cause corrosion. Therefore, there are 

b no non-isolated dissimilar metal junctions which would result in 

corrosion due to electrochemical reactions. 
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