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d as a n  account  of  work sponsored by t h e  United 
e i t h e r  t h e  United States  n o r  t h e  United States 

n o r  any of t h e i r  employees,  n o r  any o f  t h e i r  
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To the Teacher 

Other Solar Energy Project Materials 

This  i n d u s t r i a l  ar ts  b o o k l e t  i s  one of  s e v e r a l  c u r r i c u -  
lum u n i t s  on s o l a r  ene rgy  produced by t h e  S o l a r  Energy 
P r o j e c t ,  under c o n t r a c t  from t h e  U.S. Department of Energy. 
O t h e r  c u r r i c u l u m  m a t e r i a l s  i n  p r i n t  o r  i n  p r e p a r a t i o n  i n c l u d e  
a s o l a r  ene rgy  tex t ,  a r e a d e r ,  b o o k l e t s  o f  a c t i v i t i e s  i n  t h e  
s c i e n c e s ,  home economics,  s o c i a l  s t u d i e s ,  language a r t s ,  and 
t h e  h u m a n i t i e s ,  and a t e a c h e r ' s  guide t o  accompany each sub- 
j ec t  area b o o k l e t .  

Using the Activities 

The a c t i v i t i e s  i n  t h i s  b o o k l e t  are w r i t t e n  f o r  s t u d e n t  
u s e .  Data c o l l e c t i o n  pages are p l a c e d  s e p a r a t e l y  a t  t h e  end 
of each  a c t i v i t y  and are marked w i t h  a gray  s q u a r e  :iiizf f o r  
e a s e  i n  l o c a t i n g  and r ep roduc ing  them. 

..... -. 

... .:.. 

A t e a c h e r  i n f o r m a t i o n  s e c t i o n  f o l l o w s  each a c t i v i t y  and 
c o n t a i n s  s u g g e s t i o n s  f o r  implementing t h e  a c t i v i t y  i n  t h e  
classroom. T h i s  s e c t i o n  i s  i d e n t i f i e d  by a g ray  s t r i p  a l o n g  
t h e  s i d e s  o f  t h e  pages .  

A d d i t i o n a l  i n f o r m a t i o n  on u s i n g  t h e  a c t i v i t i e s  i s  pro- 
v i d e d  i n  t h e  accompanying I n d u s t r i a l  A r t s  T e a c h e r ' s  Guide. 

Field-Test Eva1 uat ion 

The S o l a r  Energy P r o j e c t  a c t i v e l y  s e e k s  your  comments on 
and e v a l u a t i o n  of t h i s  f i e l d  t e s t  e d i t i o n ,  a s  w e l l  as t h e  
comments and e v a l u a t i o n s  o f  your  s t u d e n t s .  W e  i n v i t e  you t o  
send u s  any o r i g i n a l  a c t iv i t i e s  you may have w r i t t e n .  Any 
a c t i v i t i e s  r e c e i v e d  w i l l  b e  c o n s i d e r e d  f o r  i n c l u s i o n  i n  t h e  
r e v i s e d  e d i t i o n .  

Sugges t ions  and i n q u i r i e s  may be  s e n t  t o  

Solar Energy Project 
c/o New York State Education Department 
Albany, New York 12234 
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I nt roduct ion 
B u i l d i n g s  c a n  b e  and  are b e i n g  h e a t e d  b y  t h e  s u n .  One  

s u c c e s s f u l  way t o  do t h i s  is t o  u s e  t h e  b u i l d i n g  i t s e l f  as  a 
h e a t  c o l l e c t o r  and s t o r a g e  u n i t .  I f  t h i s  p r o c e s s  u s e s  f a n s  
o r  pumps, it i s  known a s  a n  a c t i v e  s y s t e m .  I f  no  a u x i l i a r y  
s o u r c e  of e n e r g y  is  u s e d  t o  t r a n s f e r  h e a t  w i t h i n  t h e  b u i l d i n g ,  
t h e  s y s t e m  is c a l l e d  p a s s i v e .  Diagram I 

D X  
One t y p e  of p a s s i v e  s y s t e m  is  c a l l -  

e d  d i r e c t  g a i n .  S u n l i g h t  e n t e r s  t h e  
b u i l d i n g  t h r o u g h  t h e  g l a z i n g  and  is ab- 
s o r b e d  by t h e  mass of t h e  b u i l d i n g  i n -  
t e r i o r .  L i g h t  e n e r g y  i s  t r a p p e d  i n s i d e  
t h e  room and r e r a d i a t e d  as h e a t  e n e r g y .  

A second  t y p e  of p a s s i v e  s y s t e m ,  
c a l l e d  i n d i r e c t  g a i n ,  works  i n  much 
t h e  same manner as t h e  d i r e c t  g a i n  
s y s t e m ,  b u t  w i t h  a h e a t  s t o r a g e  w a l l  sunlight 

Diagram 2 

p l a c e d  c lose  b e h i n d  t h e  g l a z i n g . .  The 
s u n l i g h t  s t r i k i n g  t h e  s t o r a g e  w a l l  is 
c o n v e r t e d  t o  h e a t  and  s l o w l y  moves 
t h r o u g h  t h e  wal l  and i n t o  t h e  room. 
V e n t s  added  a t  t h e  t o p  and  bo t tom of  
t h e  w a l l  h e l p  d i s t r i b u t e  t h e  h e a t  f rom 
t h e  w a l l ' s  d a r k ,  f r o n t  s u r f a c e  t o  t h e  
room ' s  i n t e r i o r  by n a t u r a l  c o n v e c t i o n .  



The t h i r d  t y p e  o f  p a s s i v e  
s y s t e m  is c a l l e d  i s o l a t e d  g a i n .  
T h i s  s y s t e m  i s  i d e n t i c a l  t o  t h e  
d i r e c t  g a i n  s y s t e m  e x c e p t  t h a t  
the  b u i l d i n g  is h e a t e d  by a 
s e p a r a t e  room o r  s t r u c t u r e  which 
c o l l e c t s  solar e n e r g y  and  
d e l i v e r s  hea t .  A hea t  s t o r a g e  
w a l l  may be  added t o  combine t h e  
a d v a n t a g e s  of b o t h  d i r e c t  and 
i n d i r e c t  g a i n .  T h i s  g reenhouse  
o r  " sunspace"  may b e  u s e d  t o  

, grow f o o d ,  p r o v i d e  h e a t ,  o r  b o t h .  , 

Objectives 
A t  t h e  c o m p l e t i o n  of t h i s  a c t i v i t y ,  you s h o u l d  b e  a b l e  

t 0 

Diagram 3 

o i d e n t i f y  and e x p l a i n  how t h e  t h r e e  t y p e s  of p a s s i v e  

o c o n s t r u c t  models  o f  these  s y s t e m s  u s i n g  s t a n d a r d  

o i d e n t i f y  w a y s  your  own home c o u l d  b e  a d a p t e d  f o r  

s o l a r  h e a t i n g  s y s t e m s  work ,  

f a b r i c a t i o n  t e c h n i q u e s ,  and 

p a s s i v e  s o l a r  e n e r g y .  

Skills and Knowledge You Need 
Reading  d rawings  
Measur ing  and l a y o u t  
C u t t i n g ,  s h a p i n g ,  and d r i l l i n g  
Assembl ing  and f i n i s h i n g  
I n s p e c t i n g  

Materials and Equipment 
4 t o t e  t r a y s  o r  d i s h - p a n s  ( a p p r o x .  3%" x 14%" x 19" )  
4 s c r e e n - d o o r  h a n d l e s  
4 s c r a p  p i n e  b l o c k s  ( f o r  back  r e s t )  
8 RH s t o v e  b o l t s  ( 3 / 1 6 "  x 1 / 2 "  x NC) ( f o r  h a n d l e s )  
8 RH wood screws ( 8 "  x l / 2 " )  
i p i e c e  plywood o r  h a r d b o a r d  ($"  x 146" x 1911) 
4 aluminum a n g l e  c l i p s  (1/211 x 2 " )  

1 p i e c e  a c r y l i c  g l a z i n g  ( . l o 0  x 36" x 72")  

1 s h e e t  gypsum b o a r d  ( 9 "  x 4 '  x 8 ' )  
1 box r o p e  c a u $ k i n g  

n 



(1 )  Average Window (Control) Model 

1-3 

( 2 )  Direct Gain Model 

hite plywood “wall” 

gypsum board f loor and wall 
(painted black) 

13)  Indirect Gain Model 14) Isolated Gain Model 

I’ \ p a t t a c h t n e n t  tabs 

acrylic glaLing 

floor area (painted black) 
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Construction Procedure 
You are  g o i n g  t o  b u i l d  f o u r  models .  They w i l l  re- 

p r e s e n t  
a n  a v e r a g e  b u i l d i n g ,  
a d i r e c t  g a i n  s o l a r  b u i l d i n g ,  
an i n d i r e c t  g a i n  s o l a r  b u i l d i n g ,  and  
a n  i s o l a t e d  g a i n  s o l a r  b u i l d i n g .  

Work c a r e f u l l y  and read d i r e c t i o n s  thoroughly  b e f o r e  
p r o c e e d i n g .  When t h e s e  models  are comple t ed ,  t h e y  w i l l  
b e  u s e d  t o  show p a s s i v e  s o l a r  p r i n c i p l e s .  L e t ' s  g e t  
s t a r t e d  . . . 

1. G a t h e r  a l l  t h e  mater ia l s  
o f  m a t e r i a l s .  

2 .  S e t  e a c h  t r a y  on i t s  
l o n g  s i d e  and  measure 
t h e  h e i g h t  needed  f o r  a 
rest  b l o c k  t o  wedge 
t h e  tray front plumb. 
(Diagram 4 . )  Also  
measure  t h e  l e n g t h  of 
t h e  t r a y s  and  t h e n  c u t  
f o u r  rest b l o c k s  t o  
t h e s e  h e i g h t s  and 
l e n g t h s .  Smooth and  
p a i n t  them. 

3 .  Mark t h e  l o c a t i o n  of  
each  rest b l o c k ,  d r i l l  
two mount h o l e s ,  t h e n  
screw o r  b o l t  t h e  
b l o c k  t o  t h e  t r a y .  

found  i n  t h e  b i l l  

Diagram 4 

90" 

n 

4. C e n t e r  a h a n d l e  o n  t h e  t o p  s i d e  of e a c h  t r a y  
and mark t h e  mount h o l e s .  D r i l l  t h e  h o l e s  and 
and f a s t e n  w i t h  b o l t s  and w a s h e r s .  

Average B u i l d i n g  Model 

5 .  P l a c e  one  t r a y ,  o p e n i n g  down, on a c o r n e r  o f  a 
s c r a p  p i e c e  of  1 /4"  plywood. Even two a d j a c e n t  
s i d e s  f l u s h  w i t h  two a d j a c e n t  e d g e s  o f  t h e  plywood. 
Trace t h e  t r a y  r i m  o u t l i n e  on t h e  plywood. 

6 .  Us ing  a b a n d ,  j i g ,  o r  s a b r e  s a w ,  c u t  a l o n g  t h e  
t r a c i n g .  Shape and  smooth t h e  e d g e s .  
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7. 

8 .  

9. 

Mark o f f  a small  window o p e n i n g ,  a p p r o x i m a t e l y  4" x 
6" i n  s i z e ,  i n  t h e  c e n t e r  o f  t h e  plywood p i e c e .  
D r i l l  e n t r y  h o l e s  and c u t  o u t .  Sand a l l  ed.ges and  
s u r f a c e s  smooth.  

Diagram 5 

glue f i l l e t  j: 
Cut a smal l  piece o f  c lear  
a c r y l i c  p l a s t i c  s h e e t  t o  
f i t  t h i s  o p e n i n g .  C e n t e r  
t h i s  s h e e t  i n  t h e  o p e n i n g  
and  a p p l y  a b e a d  of t h e r m a l  
g l u e  o r  s i l i c o n  s e a l a n t  t o  
" f i l l e t  weld" b o t h  t h e  f r o n t  
and b a c k  of t h e  window. 
(Diagram 5 . )  G lue  a l l  a round .  

P r i m e  and p a i n t  t h e  plywood p a n e l  w h i t e .  ( D o n ' t  
p a i n t  t h e  window.) A l i g n  t h e  p a n e l  w i t h  o n e  o f  
t h e  t r a y  u n i t s .  D r i l l  and  b o l t  t o g e t h e r  i n  6 
p l a c e s  ( 2  t o p ,  2 b o t t o m ,  1 e a c h  s i d e ) .  C o n g r a t u l a -  
t i o n s !  You h a v e  j u s t  c o m p l e t e d  o n e  o f  t h e  f o u r  
mode l s .  

Direct Gain  Model 

10. P l a c e  a s e c o n d  t r a y  on t h e  c o r n e r  o f  a piece of 
a c r y l i c  p l a s t i c  a s  d e s c r i b e d  i n  S t e p  5. T r a c e ,  c u t ,  
s a n d ,  and  b u f f  t h e  e d g e s  of t h e  p l a s t i c  s h e e t .  T ry  
n o t  t o  s c r a t c h  t h e  p l a s t i c .  

Diagram 6 

E'' gypsum 

paint 

board 

black 

1 
break and fold 

11. C u t ,  score ,  and bend a p i e c e  o f  1/2" gypsum b o a r d  
t o  f i t  t h e  t r a y ' s  b a c k  w a l l  and  f l o o r  ( lower  s i d - e ) .  
(Diagram 6.) P a i n t  t h i s  f l a t  b l a c k  and b o l t  t o  t h e  
t r a y  i n t e r i o r .  

1 2 .  A l i g n  t h e  p l e x i g l a s s  w i t h  t h e  t r a y  f r o n t .  D r i l l  and  
b o l t  t o g e t h e r  i n  6 p l a c e s .  You h a v e  now c o m p l e t e d  
t h e  d i r e c t  g a i n  model .  
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I n d i r e c t  G a i n  Model 

13. Repea t  S t e p  10 t o  f a b r i c a t e  a n o t h e r  a c r y l i c  g l a z i n g .  

1 4 .  S e l e c t  a p i e c e  of gypsum b o a r d  ( s h e e t  r o c k )  and  re- 
p e a t  S t e p  1 0  o n c e  more. 
k n i f e .  

15. Lay o u t  t e n  one - inch  
d i a m e t e r  h o l e s  as 
shown i n  Diagram 7.  
D r i l l  c a r e f u l l y  h a l f  
way t h r o u g h  w i t h  a 
h o l e  s a w .  F l i p  o v e r  
and f i n i s h  d r i l l i n g .  
Smooth a l l  e d g e s  and  
h o l e s .  

16. Repea t  S t e p s  14  and 
15 t o  c o n s t r u c t  a 
s e c o n d  t h e r m a l  w a l l  
u n i t .  

17. Smooth bo th  gypsum 
w a l l  u n i t s  and  p a i n t  
f l a t  b l a c k  o n  a l l  
s u r f  aces ,  

18. A l i g n  t h e  t h i r d  t r a y  
u n i t ,  a t h e r m a l  w a l l  
u n i t ,  and  an a c r y l i c  
p l a s t i c  g l a z i n g .  
( D i a g r a m  8 . )  Clamp 
l i g h t l y ,  l a y  o u t ,  and 
d r i l l  s i x  b o l t  h o l e s .  
Check t h e  a s sembly  
d r a w i n g  f o r  d e t a i l s .  

19. Remove t h e  g l a z i n g  and  
a p p l y  a b e a d  o f  r o p e  
c a u l k  a r o u n d  t h e  edge  
o f  t h e  a c r y l i c  p l a s t i c .  
D o  n o t  p i n c h  f l a t .  
Reassemble as shown i n  
Diagram 8 and  b o l t  
t o g e t h e r  u s i n g  t h e  

Cut  t h e  b o a r d  w i t h  a u t i l i t y  

Diagram 7 

equal spacing 

0 0 0 0 0  

glazing 

convective air space 

I 

->- 

Diagram 8 

f i n g e r s  o n l y .  ~ Remember, 
f i n g e r  t i g h t  o n l y .  rope caulk 

20.  Turn a l l  s i x  b o l t s  a h a l f  t u r n  more w i t h  a s c r e w d r i v e r  
t o  f l a t t e n  and  s ea l  t h e  c a u l k .  Only o n e  more model 
t o  g o .  

+ tray 
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as shown i n  Diagram 10 .  
A t t a c h  t h e s e  t a b s  t o  
t h e  two s i d e  p i e c e s  o f  
t h e  g reenhouse  acco rd -  
i n g  t o  t h e  assembly  
d rawing .  

2 4 .  U s e  p l e x i g l a s s  g l u e  t o  
g l u e  t h e  g r e e n h o u s e  
s i d e s  t o g e t h e r .  S t a r t  
w i t h  t h e  b o t t o m  and 60" 

Isolated G a i n  Model 

21. P a i n t  t h e  floor area of t h e  r e m a i n i n g  t r a y  u n i t  
f l a t  b l a c k .  L e t  d r y .  

22 .  To f i n i s h  t h e  l a s t  model you need  t o  b u i l d  a 
model g r e e n h o u s e .  O b t a i n  a s h e e t  o f  c l e a r  a c r y l i c  
p l a s t i c .  B u i l d  a f i v e - s i d e d  g r e e n h o u s e  as shown 
i n  t h e  assembly  d rawing .  S i n c e  e x a c t  s i ze s  w i l l  
v a r y  w i t h  t h e  t r a y  s i z e  y o u ' r e  u s i n g ,  you w i l l  
have  t o  p l a n  t h e  s i ze s  of  t h e  s i d e s  y o u r s e l f .  
Allow a l / 2 "  wide a i r  e s c a p e  s l o t  a d j a c e n t  
t o  t h e  r o o f / t h e r m a l  w a l l  j o i n t ,  a s  shown i n  
Diagram 9 .  Lay o u t  each s i d e ,  t h e n  c u t ,  s a n d ,  and 
b u f f  t h e  e d g e s .  

Diaeram 9 

Questions 
1. L i s t  and t h e n  e x p l a i n  how e a c h  of  t h e  t h ree  p a s s i v e  

s o l a r  h e a t i n g  s y s t e m s  works .  

2 .  P r e d i c t  which . type would b e  most e f f e c t i v e  i n  t r a p -  
p i n g  t h e  s u n ' s  e n e r g y .  Why d i d  you  p r e d i c t  as  you 
d i d ?  



3 .  

4.  

5.  

6 .  

P r e d i c t  which t y p e  would b e  l ea s t  e f f e c t i v e  i n  
t rapping  heat energy. Why did you p red ic t  as you 
d i d ?  

Which t y p e  would b e  l e a s t  e f f e c t i v e  i n  r e t a i n i n g  
h e a t  a t  n i g h t ?  Why? 

L i s t  one a d v a n t a g e  and d i s a d v a n t a g e  o f  each  t y p e .  

S e l e c t  one  s y s t e m  and d e s c r i b e  how y o u r  home c o u l d  
be  a d a p t e d  t o  u s e  i t .  

\ 

YCIU have  now c o n s t r u c t e d  f o u r  m i n i - b u i l d i n g s .  One model re- 
p r e s e n t s  a n  a v e r a g e  w a l l ,  w i t h  one  window. Each of  t h e  o t h e r  
t h r e e  r e p r e s e n t s  one o f  t h e  major  p a s s i v e  s y s t e m s .  A s  you 
1001; o v e r  t h e  mode l s ,  can you see t h e  ma jo r  d i f f e r e n c e s  
among them? 

I n .  t h e  n e x t  two a c t i v i t i e s ,  you w i l l  t e s t  and  compare 
t h e s e  models  f o r  b o t h  p a s s i v e  h e a t i n g  and p a s s i v e  c o o l i n g .  
Which model do you t h i n k  w i l l  p r o v i d e  t h e  most heat  and  w h i c h  
t h e  most c o o l i n g ?  Can you t h i n k  o f  ways t o  a d a p t  t h e  models 
f o r  c o o l i n g  t h e i r  i n t e r i o r s ?  
L / 

Going Further 
Ask your  i n s t r u c t o r  f o r  a l ist  o f  books  on p a s s i v e  and 
a c t i v e  s o l a r  h e a t i n g  s y s t e m s .  

V i s i t  l o c a l  s o l a r  homes and r e p o r t  on t h e  o p e r a t i o n  o f  
t h e i r  s y s t e m s .  

Bu. i ld  a s o l a r  s t o r a g e  s h e d  and s e l l  i t  f o r  p r o f i t .  

B u i l d  t h e r m o s i p h o n i n g  a i r  p a n e l s ,  b r e a d  box h o t  water 
h e a t e r s ,  o r  add-on g reenhouse  k i t s .  

Des ign  a p a s s i v e  s o l a r  home. 

Lolok f o r  p rob lems , '  s u c h  as n i g h t - t i m e  h e a t  l o s s ,  and 
d e v e l o p  s o l u t i o n s .  

n 

Is t h e r e  a l o c a l  a r c h i t e c t  o r  b u i l d e r  of  s o l a r  d e s i g n s  
w i l l i n g  t o  v i s i t  your  s c h o o l  t o  t a l k  a b o u t  h i s / h e r  work? 



Teacher Information 
Passive Solar Demonstrators 

Suggested Grade Level and Skill Area 
8 t h  Grade I n d u s t r i a l  A r t s  
Gene ra l  Shop 
Power Mechanics 
Woods /Carpen t ry  
A r c h i t e c t u r a l  Drawing 
A l t e r n a t i v e  energy  c o u r s e s  

f \ 

Skill Objectives 
Basic f a b r i c a t i o n  s k i l l s  n e c e s s a r y  t o  c o n s t r u c t  p a s s i v e  
s o l a r  models,  i n c l u d i n g  l a y o u t ,  c u t t i n g ,  assembl ing ,  
f i n i s h i n g ,  and i n s p e c t i n g  

Con tent 0 b ject ives 
P a s s i v e  s o l a r  homes are des igned  t o  maximize h e a t  
g a i n  from t h e  sun .  

The t h r e e  major p a s s i v e  sys tems are t h e  d i r e c t  
g a i n ,  i n d i r e c t  g a i n ,  and i s o l a t e d  ga in  systems. 

Heat from t h e  sun  can be  s t o r e d  i n  a the rma l  
mass w a l l .  

Background 
Every house  on e a r t h  i s  92% s o l a r  h e a t e d ,  because  w i t h o u t  t h e  sun  

t h e  e a r t h ' s  t empera tu re  would be  t h a t  o f  s p a c e ,  abou t  -240 C. When w e  
u s e  f o s s i l  f u e l s  t o  h e a t  o u r  homes, w e  are a c t u a l l y  p r o v i d i n g  o n l y  8% 
of  t h e  t o t a l  h e a t  needed, even though o u r  pocketbooks might t e l l  u s  
d i f f e r e n t l y .  The goa l  of a p a s s i v e  s o l a r  house ,  t h e n ,  i s  t o  r educe  t h a t  
8% as much as p o s s i b l e  and t o  p r o v i d e  n e a r l y  100% s o l a r  h e a t i n g .  

0 

P a s s i v e  s o l a r  can be  e a s i l y  i n c o r p o r a t e d  i n t o  house  d e s i g n .  It 
becomes s imply  a matter o f  making peop le  aware o f  p a s s i v e  s o l a r  c o n c e p t s  
and t h e i r  s i m p l i c i t y .  T h i s  a c t i v i t y  i l l u s t r a t e s  p a s s i v e  d e s i g n  concep t s  
t h rough  t h e  b u i l d i n g  o f  f o u r  house  models. 

The f i r s t  model r e p r e s e n t s  a n  a v e r a g e  room w i t h  one window. S o l a r  
g a i n  i s  low and slow. T h i s  serves as a c o n t r o l  model. 

The second model r e p r e s e n t s  t h e  d i r e c t  g a i n  concept  o f  p a s s i v e  s o l a r  
h e a t i n g .  A l a r g e  window area t r a n s m i t s  the s u n ' s  ene rgy  and t h e  b l a c k  
the rma l  mass of  t h e  room a b s o r b s  and c o n v e r t s  t h i s  r a d i a n t  ene rgy  i n t o  

, h e a t .  Most d i r e c t  g a i n  sys tems have  the rma l  mass i n  t h e  form o f  masonry 
f l o o r s ,  f i r e p l a c e s ,  o r  water c o n t a i n e r s .  I n  o u r  model, h e a t  c o l l e c t i o n  
o c c u r s  r e a d i l y  and s t o r a g e  i s  p rov ided  by t h e  b l a c k  gypsum-board w a l l s  
and f l o o r .  
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The 
Sun li gh t 
w a l l  o f  

t h i r d  model r e p r e s e n t s  
s t r i k e s  an  a b s o r b e r  o r  

a room o r  b u i l d i n g  and i 

t h e  concept  of  i n d i r e c t  s o l a r  g a i n ,  
c o l l e c t o r  s u r f a c e  j u s t  i n s i d e  t h e  g l a s s  

.s conver ted  t o  h e a t .  The w a l l  and 
su r round ing  a i r  are warmed by conduct ion  and r e r a d i a t i o n ,  and when 
v e n t s  are added t o ' t h e  t o p  and bot tom of t h e  a b s o r b e r ,  convec t ive  a i r  
loops  are set up which h e l p  t o  h e a t  t h e  room. The w a l l  can abso rb  l a r g e  
amounts o f  t h e  s u n ' s  energy ,  t h u s  p r o v i d i n g  h e a t  s t o r a g e  and r educ ing  
h e a t  l o s s ,  b u t  a t  t h e  expense of immediate the rma l  ga in .  Temperature  
swings,  however, are reduced.  S o l a r  c o o l i n g  can a l s o  be coupled w i t h  
t h i s  technology.  

The f o u r t h  model r e p r e s e n t s  t h e  concept  of  i s o l a t e d  ga in .  An added- 
on room becomes a c o l l e c t o r  which can p rov ide  i t s  own h e a t  and h e a t  t h e  
house as w e l l .  Th i s  technology embraces b o t h  t h e  hea t -producing  greec-  
house and t h e  food-producing greenhouse,  which d i f f e r  p r i m a r i l y  i n  t h e  
l o c a t i o n  of  t h e  the rma l  s t o r a g e  mediums. These mediums i n c l u d e  w a t e r , s a n d ,  
rock ,  phase  change materials, and z e o l i t e s .  Th i s  "add-on" p a s s i v e  u n i t  
l e n d s  i . t s e l f  w e l l  t o  r e t r 0 f i . t  a p p l i c a t i o n s  a s  w e l l  as t o  new c o n s t r u c t i o n .  

Cons t ruc t ion  of  t h e  models f i t s  w e l l  i n t o  i n d u s t r i a l  a r t s  p r o j e c t s  

Best of a l l ,  a u s e f u l  t e a c h i n g /  
and t h e  l e a r n i n g  of  f a b r i c a t i o n  s k i l l s .  Opera t ions  from p l a n n i n g  t o  
f i n i s h i n g  and i n s p e c t i o n  are inc luded .  
l e a r n i n g  a i d  i s  produced t o  advance t h e  b a s i c  p r i n c i p l e s  behind  t h e  most 
easily adapted and practical of solar technologies. 

Advance Planning 
Read up on p a s s i v e  s o l a r .  You may w e l l  want t o  b u i l d  more than  
j u s t  a model. 

Gather materials w e l l  ahead of t i m e .  Lab thermometers may be  
borrowed from s c i e n c e  t e a c h e r s ,  b u t  be  p repa red  t o  l e n d  them your 
f i n i s h e d  p roduc t s .  T h e y ' l l  be  i n  g r e a t  demand. 

Don't h e s i t a t e  t o  s u b s t i t u t e  p a r t s  a n d / o r  improve t h e  d e s i g n ,  b u t  
make s u r e  you change any d i r e c t i o n s  t h a t  are a f f e c t e d  by t h e  sub- 
s t i t u t i o n .  

Try t ' o  u s e  s c r a p  o r  r e c y c l e d  mater ia ls  as much as p o s s i b l e .  
S tuden t s  may be a b l e  t o  b r i n g  d i s c a r d e d  materials from home. 

Develop a good p a s s i v e  l i b r a r y  and mark your  books.  
b u t  make cop ie s  f o r  i n t e r e s t e d  f o l k s .  

Don't l e n d ,  

Suggested Time Allotment 
T i m e  w i l l  va ry  w i t h  l e n g t h  o f  p e r i o d s ,  s t u d e n t  a b i l i t y ,  and grouping .  

IJi.th e i g h t  s t u d e n t s  ( 2  p e r  model) working 30 minutes  each  day,  5 
days a week, and i n c l u d i n g  l e s s o n s ,  tes ts ,  and p r a c t i c a l  exams, t h e  
u n i t s  should  t a k e  from two t o  f o u r  weeks t o  c o n s t r u c t .  

Y 
1 

n 

n 
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Suggested Approach 
F a b r i c a t i o n  l e s s o n s  and demons t r a t ions  may have  t o  b e  g iven  p r i o r  
t o  s t e p s  t h a t  i n v o l v e  p l ann ing ,  l a y o u t ,  c u t t i n g ,  s h a p i n g ,  smoo th ing ,  
assembly,  and f i n i s h i n g .  

To minimize e r r o r s ,  spend t i m e  go ing  o v e r  and i n t e r p r e t i n g  p l a n s .  

To c u t  down on f a b r i c a t i o n  t i m e  and expense ,  two o r  t h r e e  s t u d e n t s  
c o u l d  be  a s s i g n e d  t o  b u i l d  one model. 

P l an  f i e l d  t r i p s  t o  l o c a l  p a s s i v e  homes and a s s i g n  s t u d e n t s  t o  
r e p o r t  on t h e i r  f i n d i n g s .  

I n v i t e  s o l a r  d e a l e r s  and c o n t r a c t o r s  t o  d i s c u s s  p a s s i v e  d e s i g n  w i t h  
t h e  c lass .  

, \  

/Precautions \ 
Don't leave the  u n i t s  i n  the sun f o r  protracted periods of t ime. 

Keep t he  uni ts  as similar as poss ib le  t o  avoid uncontrolled 
uariab l e s  in t e s t i n g .  

The u n i t s  may require  some sma2l vent  holes  t o  allow proper 
vent ing . 
Oversee s tudent  progress and an t i c ipa te  problems. 

\ 

Poi n t s  f o r Di scu ss io n 
I d e n t i f y  and d i s c u s s  t h e  b a s i c  f a b r i c a t i o n  t e c h n i q u e s .  

D i scuss  a l t e r n a t i v e  c o n s t r u c t i o n  methods. 

I d e n t i f y  and d i s c u s s  c o n s t r u c t i o n  problems.  

Compare act ive s o l a r  h e a t i n g  w i t h  p a s s i v e  s o l a r  h e a t i n g .  

Ask s t u d e n t s  t o  l i s t  p a s s i v e  sys tem advan tages  and d i s a d v a n t a g e s .  

Compare a h igh- technology approach  t o  a low-technology approach.  

D i scuss  t h e  meaning o f  a p p r o p r i a t e  t e c h n o l o g i e s .  

Typical Results 
S t u d e n t s  might encoun te r  some of t h e  f o l l o w i n g  c o n s t r u c t i o n  
problems.  

Fas t en ing  t h e  window i n  p l a c e  i n  t h e  c o n t r o l  model might  b e  
d i f f i c u l t .  Develop a l t e r n a t i v e s .  
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The d i r e c t  g a i n  model must have a s c r a t c h  f r e e  g l a z i n g .  
D r i l l  s l owly  w i t h  l i g h t  p r e s s u r e  so as n o t  t o  c h i p  t h e  
a c r y l i c .  

Use care i n  c u t t i n g  and d r i l l i n g  t h e  a c r y l i c  and gypsum 
board on t h e  i n d i r e c t  g a i n  model. The t o r q u e  on t h e  
assembly b o l t s  shou ld  j u s t  sea l  t h e  g l a z i n g  y e t  a l l o w  a 
3/16" convec t ive  a i r  space  i n  f r o n t  of  t h e  mass w a l l .  

I f  s t u d e n t s  d i s p l a y  a l a c k  o f  d e s i r e  t o  a c h i e v e  q u a l i t y  
workmanship, remind them t h a t  a c c u r a t e  tes t  r e s u l t s  w i l l  
depend on c o n s i s t e n t  and w e l l - b u i l t  models. 

Eva1 u at i o t i  

Were t h e  p l a n s  a c c u r a t e l y  fo l lowed?  

A r e  t h e  h a n d l e s  and b a c k r e s t  b lock  w e l l - c e n t e r e d ,  l o c a t e d ,  and 
secu red  ? 

A r e  t h e  component p a r t s  well-made? 

A r e  t h e  j o i n t s  w e l l - f i t t e d  and f a s t e n e d ?  

Is t h e  o v e r a l l  p roduc t  a t t r a c t i v e  and w e l l - f i n i s h e d ?  

Ask t h e  s t u d e n t s  t o  e v a l u a t e  t h e i r  own work and t h e n  d i s c u s s  t h e i r  
and your  e v a l u a t i o n  w i t h  them. 

Develop a w r i t t e n  i n s t r u m e n t  t o  i n d i c a t e  t h e  s t u d e n t s '  unders tand-  
i n g  o f  t h e  c o n t e n t  o b j e c t i v e s .  

Modifications 
Use t o t e  t r a y s  t o  b u i l d  water and a i r  c o l l e c t o r s .  ~ 

Scale  models l a r g e r .  

S u b s t i t u t e  mater ia ls  as d e s i r e d  b u t  keep p a r t s  s t a n d a r d  a c r o s s  u n i t s  
t o  achieve e q u i v a l e n t  r e s u l t s  under  t e s t i n g .  

Add i n s u l a t i o n ,  s h u t t e r s ,  and thermal  mass a l t e r n a t i v e s .  

The greenhouse cou ld  pose  t h e  g r e a t e s t  problem i n  t h i s  c o n s t r u c t i o n  
u n i t .  Bra ins to rm a l t e r n a t i v e s .  Did you c o n s i d e r  s t e r e o  c o v e r s ,  
bubbl'e packaging ,  c lear  p l a s t i c  t r a y s ,  and a f o l d e d  and s t a p l e d  s to rm 
wi.ndow p l a s t i c  s h e e t ?  

Ref e re n ce s 
H a m e  Energy f o r  t h e  E i g h t i e s ,  Ralph Wolfe & P e t e r  Clegg. 

(Garden Way P u b l i s h i n g  Company, C h a r l o t t e ,  VT 0 5 4 4 5 ,  1979,  $10.95/ 
:paper. 1 
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New I n v e n t i o n s  i n  Low Cost  S o l a r  Hea t ing ,  N i l l i a m  A. S h u r c l i f f .  
(Br i ck  House P u b l i s h i n g  Company, 3 Main S t r e e t ,  Andover, MA 
01810, 1979, $12 .  / pape r . )  

O the r  Homes & Garbage, J i m  Leck ie ,  e t  a l .  
-oks, 530 Bush S t r ee t ,  San F r a n c i s c o ,  CA 94108, 

1975,  $9 .95/paper . )  

The P a s s i v e  S o l a r  Energy Book, Edward Mazria .  
(Rodale  P r e s s ,  33 East Minor S t r e e t ,  Emmaus, PA 18049, 1 9 7 7 ,  
$8 .95/pa?er . )  

Sun /Ear th ,  Richard  Crowther. 
( S c r i b n e r  & Sons,  597 F i f t h  Avenue, New York,NY 10017,  
1978, $8 .95/paper .  ) 

Thermal S h u t t e r s  & Shades,  W i l l i a m  A. S h u r c l i f f .  
(Br i ck  House P u b l i s h i n g  Co., 3 Main S t r e e t ,  Andover, MA 01810, 
1980, $12 .95/paper . )  

Your Energy E f f i c i e n t  House, Anthony Adams. 
(Garden Way Pub l sh ing  Company, C h a r l o t t e ,  VT 05445, 1975,  
$8.95.) 
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Passive Solar Heating 

,I ., 
, 

- I nt rod uction 
A p a s s i v e  s o l a r  home f u n c t i o n s  l i k e  a g i a n t  s o l a r  c o l l e c t o r .  

I n  s u c h  a hone ,  s o l a r  r a d i a t i o n  is c o l l e c t e d  t h r o u g h  s o u t h -  
f a c i n g  windows and  c o n v e r t e d  t o . h e a t .  L a r g e  amounts o f  i n -  
s u l a t i o n  t h e n  t r a p  t h i s  h e a t  w i t h i n  t h e  home f o r  as l o n g  as  
p o s s i b l e .  

I n  t h e  p r e v i o u s  a c t i v i t y ,  you c o n s t r u c t e d  models  o f  f o u r  
h o u s i n g  d e s i g n s .  I n  t h i s  a c t i v i t y ,  you w i l l  u s e  t h e s e  models  
t o  see how each f u n c t i o n s  i n  p a s s i v e  s o l a r  h e a t i n g .  Al though 
y o u r  models  d o n ' t  have  i n s u l a t i o n  t o  keep  t h e  h e a t  i n ,  t h e i r  
c o l l e c t i o n  and s t o r a g e  c a p a b i l i t i e s  w i l l  b e  o b v i o u s .  How well  
w i l l  e ach  d e s i g n  work t o  c o l l e c t  a n a  s t o r e  h e a t  from t h e  s u n ?  
Which d e s i g n  do you t h i n k  w i l l  p r o v i d e  t h e  g r e a t e s t  amount o f  
s o l a r  h e a t i n g ?  
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Objectives 
A t  t h e  c o m p l e t i o n  o f  t h i s  a c t i v i t y ,  you s h o u l d  b e  a b l e  

t o  

o a d a p t  t h e  m i n i - b u i l d i n g s  f o r  t he rmomete r s ,  
o r e c o r d  and g r a p h  d a t a  on t h e  h e a t i n g  and  c o o l i n g  of 

o e x p l a i n  how each  model f u n c t i o n s  i n  c o l l e c t i n g  and 

o d e t e r m i n e  which models  f u n c t i o n  b e s t  i n  c o l l e c t i m g  

t h e  mode l s ,  

s t o r i n g  h e a t ,  and  

and  s t o r i n g  h e a t .  

Skills and Knowledge You Need 
How t o  r e a d  a l a b o r a t o r y  thermometer  and  s t o p  watch  o r  
w:ris t watch  . 
How t o  r e c o r d  and g raph  d a t a  

Materials and Equipment 
t h e  f o u r  b u i l d i n g  mode l s :  

( c o n t r o l  ) 
t h e  a v e r a g e  h o u s e  model 

t h e  d i r e c t  g a i n  model 
t h e  i n d i r e c t  g a i n  model 
t h e  i s o l a t e d  g a i n  model 

f i v e  l a b o r a t o r y  the rmomete r s  
( g l a s s  t u b e  o r  d i a l  t y p e )  
f o u r  r u b b e r  grommets t o  f i t  
t he rmomete r s  
s t o p  w a t c h  o r  w r i s t  watch  w i t h  
s econ d hand 
g raph  p a p e r  
c o l o r e d  p e n c i l s  

Procetl u re 

n 
thermometer \i 

1. For e a c h  b u i l d i n g  model ,  mark o f f  and  d r i l l  a h o l e  
i n  t h e  same l o c a t i o n  i n  t h e  t o p  c o r n e r  of t h e  t r a y ,  
as shown i n  t h e  d i ag ram above .  T h e  h o l e  s h o u l d  m a t c h  
t h e  o u t s i d e  d i a m e t e r  of t h e  grommet t u b e .  

2 .  A t t a c h  t h e  grommets and t h e n  i n s e r t  t h e  the rmomete r s  
t o  the  same d e p t h  i n  each model .  S h i e l d  t h e  t h e r -  
mometer b u l b s  from d i r e c t  s u n l i g h t  u s i n g  w h i t e  p a p e r  
and  t a p e .  

n 
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3. 

4.  

5. 

6 .  

7. 

A l l o w  t h e  the rmomete r s  t o  s t a n d  a few m i n u t e s .  
Then r e c o r d  i n d o o r  t e m p e r a t u r e  r e a d i n g s  f o r  each 
model o n  Data T a b l e  1. 

F i n d  a l e v e l  s p o t  o u t d o o r s  i n  t h e  s u n  which i s  
p r o t e c t e d  from t h e  w i n d .  Face  t h e  e x t r a  t h e r -  
mometer and  t h e  models  i n t o  t h e  s u n .  Immedia t e ly  
t a k e  the rmomete r  r e a d i n g s  and r e c o r d  them.  

C o n t i n u e  t o  r e c o r d  t e m p e r a t u r e s  a t  one m i n u t e  
i n t e r v a l s  u n t i l  - a l l  t e m p e r a t u r e  r e a d i n g s  l e v e l  o f f .  
You w i l l  know t h i s  h a s  o c c u r r e d  when r e a d i n g s  re- 
main a b o u t  t h e  same f o r  s e v e r a l  m i n u t e s .  T h i s  i s  
t h e  s a t u r a t i o n  o r  s t a g n a t i o n  t e m p e r a t u r e .  

B r i n g  t h e  f o u r  u n i t s  back  i n t o  t h e  l a b o r a t o r y .  U s e  
Data T a b l e  2 t o  c o n t i n u e  r e c o r d i n g  u n t i l  a l l  temp- 
e r a t u r e s  r e t u r n  t o  room t e m p e r a t u r e ,  a b o u t  20 
m i n u t e s .  

P r e p a r e  g r a p h s  o f  t h e  d a t a  you have  c o l l e c t e d .  
" T i m e  i n  m i n u t e s "  s h o u l d  a p p e a r  on t h e  x-axis and 
"Tempera tu re  i n  C e l s i u s "  on t h e  y - a x i s .  I f  you  
r e c o r d  a l l  d a t a  on t h e  same se t  o f  axes,  u s e  c o l o r e d  
p e n c i l s  and a key t o  d i s t i n g u i s h  e a c h  m o d e l ' s  
t e m p e r a t u r e  cu rve .  

Questions 
1. 

2 .  

3. 

4. 

5.  

6 .  

7 .  

8 .  

9 .  

Which models  h e a t e d  t h e  f a s t e s t ?  The s l o w e s t ?  
Which models  c o o l e d  t h e  f a s t e s t ?  The s l o w e s t ?  

Which models  h e a t e d  t o  t h e  h i g h e s t  t e m p e r a t u r e ?  
The lowest t e m p e r a t u r e ?  

Which model h e l d  t h e  h e a t  t h e  l o n g e s t ?  The s h o r t e s t ?  

Which model f u n c t i o n e d  b e s t  t o  j u s t  c o l l e c t  h e a t ?  

Which model f u n c t i o n e d  b e s t  t o  s t o r e  h e a t ?  

E x p l a i n  why e a c h  u n i t  f u n c t i o n e d  a s  i t  d i d .  

What do  you t h i n k  would happen i f  more t h e r m a l  m a s s  
were added  t o  Models 3 and  4? 

What d o  you t h i n k  would happen i f  more i n s u l a t i o n  
were added t o  t h e  mode l s?  

d h i c h  o f  t n e  t h r e e  p a s s i v e  s o l a r  t e c h n i q u e s  would you 
c h o o s e  t o  i n c o r p o r a t e  i n t o  a h o u s e  o f  y o u r  own d e s i g n ?  
Why? 



1 0 .  D e s c r i b e  how t h e  t e c h n i q u e  you c h o s e  would a c t u a l l y  
f u n c t i o n  i n  t h i s  h o u s e .  D e s c r i b e  m o d i f i c a t i o n s  
you would make t o  improve t h e  f u n c t i o n i n g .  Some 
s u g g e s t i o n s  i n c l u d e  i n s u l a t i n g  s h u t t e r s ,  o v e r h a n g s ,  
l a n d s c a p i n g .  Why would t h e s e  m o d i f i c a t i o n s  b e  
necessary ? 

Looking Back 

Yc,ur d a t a  s h o u l d  have  i n d i c a t e d  t h a t  t h e  c o n t r o l  model 
(no rma l  w a l l  w i t h  s i n g l e  window) c o l l e c t e d  and  s t o r e d  
l i t t l e  h e a t .  The d i r e c t  g a i n  model s h o u l d  have  r e a c h e d  t h e  
h i g h e s t  t e m p e r a t u r e  and t h e n  c o o l e d  s l o w l y ,  showing some 
heat  s t o r a g e .  

Did t h e  f o u r  m i n i - b u i l d i n g s  f u n c t i o n  as you p r e d i c t e d ?  

The i n d i r e c t  g a i n  and  i s o l a t e d  g a i n  models  may have  
f u n c t i o n e d  s i m i l a r l y  t o  o n e  a n o t h e r ,  showing a modest 
t e m p e r a t u r e  r ise and t h e n  s l o w  c o o l i n g .  Your g r a p h s  w i l l  
have  a p p e a r e d  more l e v e l ,  showing t h a t  as h e a t  w a s  c o l l e c t e d  
i t  was s t o r e d  i n  t h e  mass w a l l  ( i n s t e a d  o f  c a u s i n g  h i g h  temp- 
e r a t u r e s  i n  t h e  mode l s )  and t h e n  r e l e a s e d  s l o w l y  t o  m a i n t a i n  
t e m p e r a t u r e s  when t h e  models  were t a k e n  o u t  o f  t h e  s u n .  

i3y now y o u ' v e  l e a r n e d  the  t h r e e  b a s i c  way$ t h a t  b u i l d i n g s  
can c o l l e c t  and s t o r e  t h e  s u n ' s  e n e r g y .  I n  t h e  n e x t  a c t i v i t y ,  
you w i l l  f i n d  ou t  i f  b u i l d i n g s  can a l s o  be c o o l e d  by t h e  
s u n .  
L 

Going Fur ther  
T r y  a d d i n g  i n s u l a t i o n ,  t h e r m a l  s h u t t e r s ,  o r  a d d i t i o n a l  
t h e r m a l  mass t o  y o u r  mode l s .  Record and  g raph  d a t a .  
Do t h e y  f u n c t i o n  d i f f e r e n t l y  t h a n  b e f o r e ?  

Tape s m a l l  p l a s t i c  f l a p s  above t h e  t o p  r o w  of h o l e s  on 
t h e  back  o f  t h e  t h e r m a l  w a l l s  o f  Models 3 and 4 .  
E x p l a i n  how t h e s e  f l a p s  would work t o  s l o w  t h e  c o o l i n g  
of t h e  models .  When and how would f l a p s  s u c h  as t h e s e  
a c t u a l l y  f u n c t i o n  on a mass w a l l ?  

Send f o r  i n f o r m a t i o n  from p a s s i v e  home b u i l d e r s  and  
r ev iew t h e i r  i n d i v i d u a l  b u i l d i n g  s y s t e m s .  

O r g a n i z e  a f i e l d  t r i p  t o  nea rby  p a s s i v e  s o l a r  homes. 

Des ign  work ing  r e t r o f i t s  f o r  y o u r  own homes and b u i l d  them. 
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Data Table 1 

(minutes)  Temperature  C o n t r o l  D i r e c t  Gain 
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Data Table 2 

Model 1 Model 2 Model 3 Model 4 
C o n t r o l  Direct Gain I n d i r e c t  Gain I s o l a t e d  Gain 

Cooling Phase 1-c 
5 
6 

t l  10  

11 +--+---+-- 
14 

15 I 

2 3  !I 
I 2 1  

22 I 

2 5  

26 
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2 8  

29 

30 I 
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Teacher Information 
Passive Solar Heating 

Suggested Grade Level and Skill Area 

8 t h  Grade I n d u s t r i a l  A r t s  
Genera l  Shop (9-10) 
Power Mechanics 
WoodsICarpentry 
A r c h i t e c t u r a l  Drawing 
A l t e r n a t i v e  energy  c o u r s e s  

Skill Objectives 
Prope r  i n s t r u m e n t a t i o n  of models 

S e q u e n t i a l  t i m i n g  f o r  d a t a  c o l l e c t i o n  

C o l l e c t i n g ,  r e c o r d i n g ,  and i n t e r p r e t i n g  d a t a  

Comparing and e v a l u a t i n g  p a s s i v e  h e a t i n g  sys tems 

Con tent 0 b ject ives 
A d d i t i o n a l  g l a z i n g  on t h e  s o u t h  s i d e  i n c r e a s e s  b o t h  
s o l a r  g a i n  and h e a t  l o s s  i n  a b u i l d i n g .  

Thermal mass i n c r e a s e s  h e a t  s t o r a g e  and maintaiils 
t empera tu re  s t a b i l i t y .  

A normal w a l l  w i t h  a s i n g l e  window w i l l  show t h e  
smallest h e a t i n g  e f f e c t s  from s o l a r  energy .  

D i r e c t  g a i n  p a s s i v e  sys tems w i l l  demons t r a t e  
r a p i d  h e a t i n g  t o  h i g h  t e m p e r a t u r e s  d u r i n g  s u n l i g h t  
hour s  and s lower  c o o l i n g  w i t h o u t  s u n l i g h t .  

I n d i r e c t  and i s o l a t e d  g a i n  sys tems w i l l  modera te  
t empera tu re  f l u c t u a t i o n s  through h e a t  s t o r a g e  i n  
m a s s  w a l l s .  Temperatures w i l l  r ise s lowly  d u r i n g  
t h e  day and f a l l  s lowly  a t  n i g h t .  

Background 
The f o u r  major t y p e s  o f  modern homes i n c l u d e  t h e  low energy  home 

(LEH), t h e  a c t i v e  s o l a r  home, t h e  p a s s i v e  s o l a r  home, and t h e  h y b r i d  
s o l a r  home. Low energy  homes are w e l l  i n s u l a t e d ,  are above o r . b e l o w  
ground, and r e q u i r e  a i r  h a n d l i n g  and c o n d i t i o n i n g  sys tems.  A c t i v e  s o l a r  
homes are a l s o  w e l l  i n s u l a t e d ,  b u t  are h e a t e d  by s o l a r  c o l l e c t o r s  and 
r e q u i r e  pumps o r  f a n s  t o  o p e r a t e .  
i n s u l a t e d ,  and u s e  t h e  sun  f o r  h e a t ,  b u t  r e q u i r e  no a u x i l i a r y  power f o r  
f a n s  o r  pumps. A p a s s i v e  s o l a r  home can  be  e a s i l y  turried i n t o  a h y b r i d  
home, i n c o r p o r a t i n g  many o r  a l l  of t h e  f e a t u r e s  o f  t h e  above sys t ems .  

P a s s i v e  s o l a r  homes are w e l l  b u i l t ,  
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The min i -bu i ld ings  c o n s t r u c t e d  i n  t h e  p r e v i o u s  a c t i v i t y  i l l u s t r a t e  
t h e  major t y p e s  o f  p a s s i v e  d e s i g n .  The c o n t r o l  model i n  t h e  a c t i v i t y  
w i l l  r e f l e c t  t h e  s u n ' s  warming r a y s  from i t s  w h i t e  e x t e r i o r .  The small 
s t a n d a r d  window w i l l  a l l o w  o n l y  minimal s u n l i g h t  t o  e n t e r .  Heat g a i n  
w i l l  be  low and t h e  i n c r e a s e  i n  t empera tu re  slow. 

The d i r e c t  g a i n  model w i l l  c o l l e c t  h e a t  r a p i d l y  through i t s  l a r g e  
window wa.11. 
ene rgy ,  si tore i t ,  and t h e n  r e r a d i a t e  i t  as h e a t .  Th i s  model w i l l  show 
immediate and h igh  i n c r e a s e s  i n  t empera tu re  when i n  t h e  s u n ,  and w i l l  t h e n  
c o o l  more s lowly  when removed from t h e  sun. I ts  l a r g e  window w i l l  
r a d i a t e  h e a t  away and t empera tu res  w i l l  f a l l  as h e a t  i s  removed from 
t h e  s t o r a g e  mass. 

The b l a c k  gypsum board the rma l  mass w i l l  a b s o r b  t h e  s u n ' s  

The i n d i r e c t  g a i n  model w i l l  c o l l e c t  h e a t  r a p i d l y ,  b u t  n o t  w a r m  t h e  
room immediately,  a s  t h e  thermometers w i l l  show. A s  s u n l i g h t  s t r i k e s  
t h e  b l a c k  the rma l  w a l l ,  i t  i s  changed t o  h e a t  and s t o r e d  by t h e  h i g h  h e a t  
c a p a c i t y  of  t h e  w a l l .  
i t s  h e a t  s lowly and c o n t i n u e  t h e  warming e f f e c t .  Temperatures w i l l  
moderate ove r  time. 
t o  p r o v i d e  d e s i r e d  i n t e r i o r  env i ronmen ta l  e f f e c t s  i n  b u i l d i n g s .  

When removed from t h e  sun t h e  w a l l  w i l l  release 

Many d i f f e r e n t  k i n d s  o f  w a l l  t y p e s  are a c t u a l l y  used 

The i s o l a t e d  g a i n  o r  greenhouse model w i l l  o p e r a t e  much l i k e  t h e  
i n d i r e c t  g a i n  model, w i t h  t h e  greenhouse a r e a  warming q u i c k l y  and t h e  
room moere s lowly .  I n  t h i s  model, t he rma l  mass is  l o c a t e d  between t h e  two 
rooms i n  t h e  form of  a common w a l l .  However, t h e  m a s s  can be  l o c a t e d  
e i t h e r  i n  t h e  greenhouse i t s e l f  o r  i n  t h e  a d j a c e n t  i n t e r i o r  room. I n  a 
real  b u i l d i n g  t h e  k i n d  and l o c a t i o n  of  t he rma l  mass w i l l  de t e rmine  whether  
t h e  greenhouse i s  used t o  p r o v i d e  j u s t  food ,  j u s t  h e a t  fosl t h e  home, o r  
bo th .  

Advance Planning 
For b e s t  r e s u l t s ,  pe r fo rm t h e  r e s e a r c h  on a clear day. P l a n  o t h e r  
back--up a c t i v i t i e s  and p u l l  t h i s  one o u t  o f  your  s l e e v e  on t h a t  
b r i g h t ,  sunny day. 

Group your  materials, i n c l u d i n g  t h e  p r e - c o n s t r u c t e d  b u i l d i n g  models,  
thermometers,  grommets, graph p a p e r ,  s t o p  watch. 

A d d i t i o n a l  i n s u l a t i o n ,  t he rma l  m a s s ,  and i n s u l a t e d  s h u t t e r  materials 
can be c o l l e c t e d  and l e f t  nearby f o r  t h a t  i m a g i n a t i v e  group of  s t u d e n t s .  

Ob ta in  d i f f e r e n t  i n s u l a t i o n  m a t e r i a l s  such a s  f o i l ,  p o l y s t y r e n e  
foam, foi l - foam combinat ions,  Thermax and high-R s h e a t h i n g ,  spun 
g l a s s ,  and l o o s e - f i l l  f o r  s t u d e n t s  t o  experiment  w i t h .  

C o l l e c t  mass c o n t a i n e r s  and s u b s t a n c e s  such as wate,r b o t t l e s ,  water 
c a n s ,  a n t i - f r e e z e ,  r o c k s ,  masonry, b r i c k s ,  phase-change chemica l s ,  
and z e o l i t e s .  

Suggested Time Allotment 
One/itwo p e r i o d s  t o  conduct a c t i v i t y  and graph r e s u l t s .  

n 

n 

n 



One t o  two weeks f o r  a d d i t i o n a l  r e s e a r c h  and t e s t i n g  u s i n g  
v a r i o u s  i n s u l a t i o n s ,  thermal  masses, and i n s u l a t i n g  s h u t t e r s .  

Suggested Approach 
S t u d e n t s  can  be  d i v i d e d  i n t o  groups o f  t h r e e  of  f o u r ,  w i t h  one  
s t u d e n t  a s s i g n e d  t o  hand le  a model, a n o t h e r  t o  r ead  t e m p e r a t u r e s ,  
and a t h i r d  t o  r e c o r d  d a t a .  O t h e r s  can serve as a s s i s t a n t s .  T h i s  
can  b e  done f o r  each  model. One s t u d e n t  can serve as class timer. 

S e t  up t h e  o u t s i d e  tes t  area i n  advance.  

Do a d r y  run  i n s i d e  f o r  p r a c t i c e ,  t h e n  de-bug and r e o r g a n i z e .  

Hold a d i s c u s s i o n  s e s s i o n  t h e  day a f t e r  t h e  a c t i v i t y  i s  performed.  
Encourage s t u d e n t s  t o  go f u r t h e r .  

Precautions 
I 

Don't allow the u n i t s  t o  overheat. 

Sunglasses reduce r e f l e c t i o n s  from the  glazings.  

Thermal mass does ge t  hot. 
handling it. 

Use gloves or tongs if 

I f  i n s u l a t i o n  i s  used, have s tudents  take appropriate 
precautions such as wearing goggles, face masks, 
and gloves.  

Poi n t s  f o r Di scu ss io n 
How w e l l  d i d  each  u n i t  f u n c t i o n  i n  c o l l e c t i n g  and s t o r i n g  h e a t ?  

What are t h e  o p e r a t i n g  p r i n c i p l e s  behind  each  u n i t ?  

How i s  h e a t  s t o r a g e  accomplished i n  each  u n i t ?  

Compare t h e  advan tages  and d i s a d v a n t a g e s  o f  each u n i t  i n  p r o v i d i n g  
h e a t  from s o l a r  ene rgy .  

I f  we w e r e  t o  d e s i g n  a p a s s i v e  s o l a r  home, which sys t em shou ld  w e  
choose? Why? 

How cou ld  w e  adap t  t h i s  sys tem t o  ou r  d e s i g n  i n  o r d e r  t o  improve 
and r e g u l a t e  s o l a r  g a i n  and t o  reduce  h e a t  l o s s ?  Would house  s i t e  
be  impor t an t  t o  ou r  cho ice  of s y s t e m - a n d  a d a p t a t i o n s ?  Why o r  why 
n o t ?  

Which sys tem would work b e s t  i n  a r e t r o f i t  a p p l i c a t i o n ?  Why? 



Typical Results n 
The c o n t r o l  model 
i n c r ( e a s e  and w i l l  

w i l l  show t h e  s m a l l e s t  and s l o w e s t  t empera tu re  
r a p i d l y  r e t u r n  t o  t h e  o r i g i n a l  t empera tu re .  

The (direct g a i n  model w i l l  show a r a p i d  t e m p e r a t u r e  i n c r e a s e  and 
then  s lower  decrease upon removal from t h e  sun.  T h i s  model should 
r each  t h e  h i g h e s t  t empera tu re .  

The i n d i r e c t  and i s o l a t e d  g a i n  models w i l l  show tempenature  
modulat ion.  Temperatures w i l l  i n c r e a s e  and a l s o  d e c r e a s e  s lowly ,  
i n d i c a t i n g  h e a t  s t o r a g e  i n  t h e  mass w a l l s .  

Evaluation 
Check s t u d e n t s '  a d a p t a t i o n s  of t h e  models f o r  p a s s i v e  h e a t i n g .  

Examine d a t a  and graphs f o r  accu racy .  

Check answers t o  q u e s t i o n s  f o r  ev idence  of  s t u d e n t  unde r s t and ing .  

Ask s t u d e n t s  t o  e x p l a i n  t h e  d i f f e r e n c e s  i n  performance of t h e  models. 

Mod if ica ti on s 
A d d i t i o n a l  i n s u l a t i o n ,  t he rma l  mass, and u s e  of the rma l  s h u t t e r s  
can demons t r a t e  i n c r e a s e d  h e a t  s t o r a g e .  

Various t y p e s  of  i n s u l a t i o n  can be t e s t e d  t o  de t e rmine  g r e a t e s t  
r e s i s t a n c e  t o  h e a t  l o s s .  

Various t y p e s  of  thermal  mass can be  t e s t e d  t o  de t e rmine  g r e a t e s t  
e f f e c t i v e n e s s  i n  h e a t  s t o r a g e .  Sugges t ions  i n c l u d e  water, a n t i -  
f r e e z e ,  r o c k s ,  b r i c k s ,  phase-change chemica l s ,  and z e o l i t e s .  

Ref e re n ces 
Home Energy f o r  t h e  E i g h t i e s ,  Ralph Wolfe & P e t e r  C legg .  

(Garden Way P u b l i s h i n g  Co., C h a r l o t t e ,  VT 05445, 1979,  
$10.95/paper.  

Homeowner's Guide t o  S o l a r  Hea t ing ,  Sunset  Books. 
(Lane P u b l i s h i n g ,  W i l l 0  & M i d d l e f i e l d  Roads, Menlo P a r k ,  C A Y  
94025, 1979, $3.95.) 

New I h v e n t i o n s  i n  Low Cost S o l a r  Hea t ing ,  W i l l i a m  A. S h u r c l i f f .  
(Br i ck  House P u b l i s h i n g ,  3 Main Street ,  Andover, MA 01810, 
1979, $12.00/paper . )  

-- 1979 NYSERDA P a s s i v e  S o l a r  Design Awards. 
(NYSERDA, Albany, NY,  12234, 1979, $7.00.)  Q 



30 Energy Efficient Houses You Can Build, Alex Wade & Neal Ewenstein. 
(Rodale Press, 33 East Minor Street, Emmaus, PA 18049, 1979, 
$8.95/paper.) 
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Other Homes & Garbage, Jim Leckie, et al. 
(Sierra Club Books, 530 Bush Street, San Francisco, CAY 
94108 1975, $9.95/paper. 

Your Energy Efficient House, Anthony Adams. 
(Garden Way Publishing Co., Charlotte, VT 05445, 1979, 
$10.95/paper.) 
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D R A F T  

Passive Solar 
r 

Introduction 
You have  seen t h a t  

p a s s i v e  s o l a r  t e c h n i q u e s  
can b e  u s e d  t o  h e a t  
b u i l d i n g s .  But t h e y  c a n  
b e  u s e d  t o  c o o l  b u i l d -  
i n g s  as w e l l .  I n  t h i s  
a c t i v i t y  you w i l l  a d a p t  
y o u r  b u i l d i n g  models  f o r  b 
p a s s i v e  s o l a r  c o o l i n g  by 
a d d i n g  i n l e t  and o u t l e t  
v e n t s  and  o v e r h a n g s .  
Then you w i l l  t e s t  them 
t o  see h o w  well  t h e y  p e r -  
form i n  c o o l i n g .  Which 
model do you t h i n k  w i l l  
p r o v i d e  t h e  c o o l e s t  
t e m p e r a t u r e  ? 

A roof  o v e r h a n g  
t h a t  s h a d e s  s o u t h - f a c i n g  
windows from t h e  h o t  
summer s u n  i s  t h e  most 
o b v i o u s  means  o f  p a s s i v e  
c o o l i n g .  The o v e r h a n g  
p r e v e n t s  t h e  s u n ' s  d i r e c t  
r a y s  f r o m  e n t e r i n g  t h e  
windows, t h u s  r e d u c i n g  
h e a t  b u i l d - u p  i n  the 
h o u s e .  

Diagram 1 

warm air 

A 

Cooling 

north wall 

I n  a d d i t i o n ,  p a s s i v e  s o l a r  
c o o l i n g  c a n  t a k e  a d v a n t a g e  o f  con- 
v e c t i o n  c u r r e n t s  t o  v e n t  w a r m  a i r  
f rom a b u i l d i n g  and t o  draw c o o l  
a i r  i n .  O u t l e t  v e n t s  a r e  added t o  
t h e  r o o f  o f  a b u i l d i n g  and i n l e t  
v e n t s  t o  t h e  c o o l  n o r t h  s i d e .  Or 
underg round  i n l e t  t u b e s  a r e  added 
t o  c o o l  t h e  a i r  as t h e y  draw i t  
i n .  A s  a i r  is warliled i n  this 
b u i l d i n g ,  i t  rises and e s c a p e s  
t h r o u g h  t h e  r o o f  v e n t s .  Cool a i r  
mov&s i n  t h r o u g h  t h e  n o r t h  s i d e  
v e n t s  o r  unde rg round  t u b e s  t o  re- 
p l a c e  i t .  A s  a r e s u l t ,  c o n v e c t i o n  
is u s e d ,  w i t h o u t  pumps o r  f a n s ,  
t o  c o o l  t h e  b u i l d i n g .  

glazing 
/ 



Open s k y l i g h t s ,  w i n d - a c t i v a t e d  t u r b i n e  v e n t i l a t o r s ,  
and s o l a r  c h i m n e y s  c a n  b e  u s e d  as  roof v e n t s .  T h e  s o l a r  
chimney is  a new t e c h n i q u e  i n  t h e  U n i t e d  S t a t e s .  A p l y -  
wood box is  b u i l t  t h r o u g h  t h e  roof w i t h  g l a z i n g  on t h e  
s o u t h  s i d e  and  s i d i n g  on t h e  o t h e r s .  The i n t e r i o r  o f  t h e  
chimney is p a i n t e d  b l a c k  t o  c o n v e r t  s u n l i g h t  t o  h e a t .  
The a i r  i n s i d e  t h e  chimney is h e a t e d  and rises from t h e  v e n t ,  
and a c o n v e c t i o n  c u r r e n t  is se t  u p .  A b l a c k  s t o v e  p i p e  
w i l l  a l s o  p roduce  t h i s  e f f e c t  and p r o v i d e  p a s s i v e  c o o l i n g  
when a c o o l  a i r  i n t a k e  v e n t  is added t o  t h e  h o u s e .  

Objectives 
A t  t h e  c o m p l e t i o n  o f  t h i s  a c t i v i t y ,  you s h o u l d  b e  a b l e  

t o  

o e x p l a i n  how c o n v e c t i o n  c u r r e n t s  work t o  p r o v i d e  

o r e c o r d  and g raph  d a t a  on t h e  p a s s i v e  c o o l i n g  o f  

o d e t e r m i n e  which model f u n c t i o n s  b e s t  i n  p a s s i v e  

o d e s c r i b e  how each  model o p e r a t e s  i n  p a s s i v e  c o o l i n g ,  

o e x p l a i n  t h e  i m p o r t a n c e  of  o v e r h a n g s  and s h a d i n g  i n  

p a s s i v e  c o o l i n g  i n  y o u r  mode l s ,  

your  mode l s ,  

c o o l i n g ,  

and 

p a s s i v e  c o o l i n g .  

Skills and Knowledge You Need 
Basic f a b r i c a t i o n  s k i l l s  
Iiow t o  r e a d  a thermometer  and a s t o p  watch  o r  w r i s t  watch  

Iiocv t o  c o l l e c t  and  g raph  d a t a  

Materials and Equipment 
g e n e r a l  shop  equipment  i n c l u d i n g  d r i l l s ,  j i g  and  t a b l e  
saws, hand t o o l s ,  and  workbenches 
t h e  f o u r  p a s s i v e  b u i l d i n g  models  
coiriip as  s 
f i v e  t he rmomete r s  
g raph  p a p e r  
c a r d b o a r d ,  t h i n  plywood, o r  sheet metal f o r  o v e r h a n g s  
f o u r  p i e c e s  2" c o p p e r  or s t e e l  t u b i n g ,  6 - 8" l o n g  and 
f i t t e d  w i t h  a f l a n g e  abou t  1 - 2" from one end 
f o u r  2" coppe r  o r  s t e e l  p i p e s  o r  c o n d u i t s ,  18 - 24" l o n g  
damp e a r t h  or w e t  c l o t h s  

c o l o r e d  p e n c i l s  

! 9. 
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Diagram 2 Procedure 
1. D r i l l  a two- inch  h o l e  i n  

t h e  bot tom c e n t e r  o f  t h e  
b a c k  wal l  i n  e a c h  b u i l d i n g  
model,  as  shown i n  t h e  
d i a g r a m s .  O b t a i n  t h e  f o u r  
l o n g  p i p e s  t o  p l a c e  i n  
e a c h  h o l e .  T h e s e  w i l l  a c t  
as y o u r  u n d e r g r o u n d  cool-  
i n g  t u b e s .  

2 .  D r i l l  a s e c o n d  two- inch  
h o l e  i n  t h e  t o p  o f  e a c h  
model. O b t a i n  t h e  f o u r  
f l a n g e d  p i p e s  a n d  p a i n t  
them b l a c k .  They w i l l  
ac t  as s t o v e p i p e  v e n t s  
o r  s o l a r  c h i n n e y s .  warm air  

3. For e a c h  mode l ,  c u t  a 
s t r i p  of c a r d b o a r d ,  
t h i n  p lywood,  o r  s h e e t  
metal t h e  l e n g t h  of  t h e  

w i d t h  t o  s h a d e  t h e  g l a z -  
i n g  when i t  is i n  t h e  s u n .  
The c o n t r o l  and  d i r e c t  
g a i n  models s h o u l d  be 
c o m p l e t e l y  s h a d e d ,  t h e  
i s o l a t e d  a n d  i n d i r e c t  
g a i n  models p a r t i a l l y  
s h a d e d  ( a b o u t  75%). 
B e f o r e  you  c u t ,  e x p e r i m e n t  i n  t h e  s u n  w i t h  t h e s e  o v e r -  
h a n g s  t o  d e t e r m i n e  t h e  correct w i d t h .  Tape  t h e  over- 
h a n g s  i n  p l a c e .  I n  t h e  g r e e n h o u s e  model ,  c u t  t h e  over-  
h a n g  t o  cover  t h e  t o p  of t h e  g l a z i n g  and  t o  e x t e n d  o u t  
o v e r  t h e  f r o n t .  (Diagram 3 . )  

moue1 and  o f  s u f f i c i e n t  sunlig 

damp earth or wet cloth 

4 .  Place t h e  i n d i r e c t  g a i n  caulking removed from top Dtagtam 4 

model on t h e  workbench .  
Wi th  a n  a w l  o r  c u r v e d  
p i c k ,  remove t h e  s t r i p  
of  r o p e  c a u l k i n g  f rom 
t h e  t o p  o n l y .  Leave  t h e  
c a u l k i n g  i n t a c t  on t h e  
s i d e s  and  bot tom.  
(Diag ram 4 . )  

5. Take  a l l  f o u r  models o u t -  
s i d e  i n  t h e  s u n .  U s e  
t h e  compass t o  f a c e  them 
s o u t h .  Place t h e  r o o f  
p i p e  i n t o  t h e  h o l e  i n  t h e  
t o p  of e a c h  mode l .  P l a c e  
t h e  cool  a i r  p i p e  i n t o  t h e  h o l e  tope caulhing 



i n  t h e  b a c k  of e a c h  model .  Tape i n  p l a c e .  Then c o v e r  
t h e  cool  a i r  p i p e  w i t h  dam? e a r t h  o r  a w e t  c l o t h .  

6.  I n s e r t  a the rmomete r  i n t o  t h e  grommet i n  e a c h  model .  
U s e  a f i f t h  the rmomete r  t o  r e c o r d  o u t s i d e  a i r  tempera-  
t u r e s .  Immedia t e ly  t a k e  a r e a d i n g  on e a c h  the rmomete r  
and  r e c o r d  i t  i n  t h e  Data Table .  

7. C o n t i n u e  t o  r e c o r d  t e m p e r a t u r e s  e v e r y  m i n u t e  f o r  30 
m i n u t e s .  

8. R e t u r n  t h e  b u i l d i n g  models  t o  t h e  classroom and s t o r e  
them s a f e l y .  

9 .  Graph t h e  d a t a  you o b t a i n e d .  P l o t  "time i n  m i n u t e s "  on 
t h e  x-axis and  " t e m p e r a t u r e  (°C>ll  on t h e  y - a x i s .  I f  you 
p l o t  t h e  d a t a  f o r  e a c h  model on t h e  same se t  o f  axes, 
use  d i f f e r e n t  c o l o r e d  p e n c i l s  f o r  e a c h  l i n e .  Remember 
t o  key o r  l abe l  e a c h  l i n e .  

Q u est i 01 n s 
1. E x p l a i n  how each model f u n c t i o n e d  t o  p r o v i d e  p a s s i v e  

c o o l i n g .  

2 .  Which o f  t h e  models  showed t h e  smallest  t e m p e r a t u r e  
i n c r e a s e ?  The l a r g e s t ?  

3 .  I f  you were t o  d e s i g n  y o u r  own home, which  model o f  
p a s s i v e  s o l a r  c o o l i n g  would  you i n c o r p o r a t e ?  Why? 

4 .  How c o u l d  s t r o n g  breezes a f f e c t  n a t u r a l  v e n t i n g ?  How 
c o u l d  t h e s e  n a t u r a l  breezes be u s e d  t o  a i d  i n  c o o l i n g ?  

5.  How d i d  t h e  r o o f  o v e r h a n g  f u n c t i o n  i n  p a s s i v e  c o o l i n g ?  
Why were t h e  i n d i r e c t  and  i s o l a t e d  g a i n  models  o n l y  
p a r t  i a1 l y  s h a d e d ?  

6 .  Compare p a s s i v e  h e a t i n g  c u r v e s  w i t h  p a s s i v e  c o o l i n g  
c u r v e s  f o r  e a c h  model. I f  you  were t o  d e s i g n  y o u r  own 
home, which model would  you i n c o r p o r a t e  t o  p r o v i d e  b o t h  
p a s s i v e  h e a t i n g  and  c o o l i n g ?  Why d i d  you c h o o s e  t h i s  
one?  

7 .  How c o u l d  p a s s i v e  h e a t i n g  and  c o o l i n g  be c o n t r o l l e d  i n  
a n  a c t u a l  home? 

8. What are t h e  a d v a n t a g e s  of owning a p a s s i v e  s o l a r  house?  
The d i s a d v a n t a g e s ?  

T 

Looking; Back 
When t h e  s u n ' s  e n e r g y  s t r i k e s  a d a r k  o b j e c t ,  i t  is ab- 

s o r b e d  and r e r a d i a t e d  as h e a t  e n e r g y .  I n  a p a s s i v e l y  h e a t e d  

n 



s o l a r  h o u s e ,  t he  p u r p o s e  is  t o  t r a p  and s t o r e  t h i s  h e a t  
e n e r g y  f o r  as l o n g  as p o s s i b l e ,  r e l e a s i n g  i t  a s  needed  when 
the h o u s e  c o o l s .  

But  a p a s s i v e l y  h e a t e d  h o u s e  can a l s o  b e  p a s s i v e l y  c o o l e d .  
I n  a c l o s e d  s p a c e  s u c h  as  a h o u s e ,  t h e  t r a p p e d  h e a t  w i l l  w a r m  
t h e  a i r ,  t h e  warmed a i r  w i l l  r i s e ,  and  c o o l e r ,  more d e n s e  
a i r  w i l l  r e p l a c e  i t .  By p l a c i n g  o u t l e t  v e n t s ,  s u c h  as  a s o l a r  
ch imney,  a t  t h e  t o p  O P  t h e  h o u s e  and i n l e t  v e n t s  a l o n g  t h e  
n o r t h  s i d e  of  t h e  h o u s e ,  c o n v e c t i o n  c u r r e n t s  can b e  c r e a t e d .  
The warmed a i r  w i l l  r i s e  and  l e a v e  t h e  h o u s e  and  coo l  a i r  
w i l l  b e  drawn i n  f rom o u t s i d e  t o  r e p l a c e  i t .  L o n g ,  unde r -  
g round  i n l e t  - v e n t s  w i l l  i n c r e a s e  t h i s  c o o l i n g  e f f e c t .  The re- 
s u l t  is a pass ive ly  cooled  s o l a r  house .  

By now, y o u ' v e  l e a r n e d  t h a t  t h i s  p a s s i v e  c o o l i n g  r e a l l y  
w o r k s .  Your mode l  b u i l d i n g s  heated o n l y  s l i g h t l y ,  even  i n  
t h e  d i r e c t  r a y s  ol t h e  s u n ,  and  t h e y  r ema ined  well be low t h e  
t e m p e r a t u r e s  o b t a i n e d  i n  t h e  p a s s i v e  h e a t i n g  a c t i v i t y .  But 
y o u r  models  a r e  s m a l l  and cannot  p r o v i d e  a l a r g e  c o n v e c t i o n  
a i r  f l o w .  Imagine  t h e  p a s s i v e  c o o l i n g  c a p a c i t y  o f  a r e a l  
h o u s e .  

;Fhat are  t h e  a d v a n t a g e s  of  homes t h a t  a re  h e a t e d  and  c o o l -  
e d  by t h e  sun? B e s i d e s  t h e  f a c t  t h a t  e n e r g y  i n  t h e s e  homes 
is f r e e  ( a f t e r  t h e  i n i t i a l  cos t  o f  i n s t a l l i n g  t h e  s y s t e m s ) ,  
t h e  e n v i r o n m e n t  is  a l s o  f r e e  -- f rom a i r  p o l l u t i o n  c a u s e d  by 
b u r n i n g  f u e l s ,  f rom r a v a g e d  l a n d  c a u s e d  by s t r i p - m i n i n g ,  f rom 
water p o l l u t i o n  c a u s e d  by o i l  s p i l l s .  

Going F u r t h e r  
i n  summer, homes a r e  k e p t  cool  by t h e  n a t u r a l  s h a d i n g  o f  
d e c i d u o u s  trees, which  l e a f  o u t  and  s h i e l d  t h e . e n t i r e  
h o u s e  from t h e  sun's r ays .  T h i s  kind of  n a t u r a l  s h a d i n g  
can reduce i n s i d e  temperatures b y  as much as  5 o C .  C'se 
p o t t e d  p l a n t s  t o  p r o v i d e  y o u r  models  w i t h  t h i s  k i n d  o f  
s h a d i n g  and  r edo  t h e  a c t i v i t y .  Did i t  c h a n g e  t h e  r e s u l t s ?  
Why o r  why n o t ?  

Remove t h e  r o o f  o v e r h a n g s  and r e d o  t h e  a c t i v i t y .  H o w  were 
t h e  r e s u l t s  changed?  \\;hicli models  s h o u l d  h a v e  r o o f  
o v e r h a n g s  t o  a i d  in c o o l i n g ?  

Add i n s u l a t i o n  t o  t h e  f o u r  m o d e l s .  Redo t h e  a c t i v i t y  t o  
see i f  t h i s  increases  p a s s i v e  c o o l i n g .  T r y  d i f f e r e n t  
t y p e s  o f  i n s u l a t i o n  t o  s ee  i f  t h e y  a f f e c t  r e s u l t s .  

Read a b o u t  p a s s i v e  c o o l i n g  t e c h n i q u e s .  E s p e c i a l l y  r e s e a r c h  
c u r r e n t  magaz ines  f o r  new i n f o r m a t i o n  o n  s o l a r  ch imneys  
and v e n t i l - a t i o n  systems. 

P l a c e  the rmof ie t e r s  i n  t h e  i n t a k e  and e x h a u s t  v e n t s  t o  re- 
c o r d  c o o l  and h o t  a i r  t e m p e r a t u r e s .  P l a c e  small p i n w h e e l s  
a t  v e n t s  t o  i n d i c a t e  rate of  a i r  flow. Compare models  f o r  
i n t a k e  and e x h a u s t  t e m p e r a t u r e s  and rate o f  a i r  f lolv.  
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T i m e  
( m i  n u t  es ) 
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Teacher I n f o rmat ion 
Passive Solar Cooling 

Suggested Grade Level and Skill Area 
8th Grade Industrial Arts 
General Shop (9-10) 
Power Mechanics 
Woodworking/Carpentry 
Architectural Drawing 
Alternative energy courses 

Skill Objectives 
Using general fabrication skills to adapt the building 
models for passive cooling 

Reading, recording, and interpreting data 

Comparing and evaluating passive cooling systems 

Content Objectives 
Convection currents can be utilized to provide passive cooling 
in homes. 

Intake vents will draw cool air in and outlet vents will release 
warmed air. 

Underground tubes will cool intake air. Solar chimneys will heat 
air inside them to increase the rate of convection flow. 

Overhangs and natural shading are needed to reduce solar gain in 
passive buildings. 

Background 
The three passive systems in the solar heating activity demonstrate 

the production, storage, and retention of building heat. But this heat 
can also be vented to the outside, creating strong convection currents 
in the building. These currents draw cool air through inlet vents to 
replace the hot air exhausted to the outside. 

Underground tubes, north wall inlet vents, and roof-top outlet vents 
are constructed in passive homes. Coupled with shading devices such as 
trees, vines, awnings, and roof overhangs, this passive system provides 
natural air conditioning. Warm air rises and leaves the building through 
the outlet vents in the roof, while cool air flows in through the under- 
ground tubes and inlet vents t o  replace it. 

Passive cooling is an age-old technique used extensively in hot, dry 
climates. 
by reading the current literature. 

We recommend that you keep up with passive cooling techniques 
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Advance Planning 

0. 

n 
Most of the materials and apparatus have been constructed and/or 
acquired in the previous two activities. 

Conduit and copper waste pipe shorts can be used for the inlet 
and outlet vents. 

Suggested Time Allotment 
Two t o  four days to modify the building models. 

Two t o  four days to run the activity and graph data. 

Continued experimentation could continue for another one to two 
week:;. 

Suggested Approach 
Use the approach that worked best for you in the solar heating 
experiment, such as assigning a small group of students to each 
mode:L. 

P r ec a u ti c) n s 
Don't; allow any modif icat ion t o  the  models t h a t  w i l l  prevent 
futw2e c las ses  from using them i n  the heating a c t i v i t y .  

Po i n t s f 01 r D i s c u s s i o n 
Discuss Bernoulli's principle. 
utilize this principle? Why use it in passive cooling? 

Describe the application of Venturi tubes to the activity. 

Describe the process of convective air flow. 

How can Bernoulli's principle, Venturi tubes, and the convection 
process be combined to naturally remove air from a building with a 
direct gain system? An indirect gain system? A greenhouse? 

Where are outlet vents best placed in buildings? 

How can inconing air be naturally cooled? Where should inlet vents 
be located? 

Using natural air movement principles, design a cooling system for 
a small building. 

Which model would work best in a new design? In a retrofit design? 

How can vents'be constructed to 

n 

n 



T ? 

How 
in g 

can convective 
house, without 

air flow principles 
making construction 

be used to cool an exist- 
changes? 

Typical Results 
A l l  units will heat when placed in the direct sunlight, as does 
a real house. However, temperatures should rise only slightly, 
not nearly as much as in the passive heating activity. 

The indirect and isolated gain models should show the greatest 
cooling effects. They will have the lowest temperatures. The 
indirect and isolated gain models should only be partially shaded 
by roof overhangs because it is important t o  maintain the thermosi- 
phoning effect of the systems. This provides an increased 
convective air flow and increased passive cooling. 

Eva I u at i o n 
Examine the quality of workmanship and design of each model's 
cooling system. 

Check students' graphs and answers to questions. 

Ask students to describe how each unit functioned in passive 
cooling. 

Ask students to sketch designs for full-size passive or hybrid 
solar homes. 

Develop a short test to evaluate students' achievement of content 
objectives. 

Modifications 
Any modifications are acceptable that do not interfere with the 
solar heating or cooling techniques described. 

Adaptations of natural shading features, such as potted plants and 
vines, can be used in testing the models. Students can investigate 
whether these shading features increase passive cooling effects. 
Caution: Don't set indoor plants in direct sunlight. Instead use 
outdoor potted plants, trees, or shrubs for shading. 

If obtaining short lengths of pipe for the roof vents is a problem, 
large diameter plastic tubes (one side painted black), rolled 
sheet plastic, or rolled black construction paper can be substituted. 

The solar chimney can be replaced by a skylight which vents to the 
outside. Plastic bubble packs can be used for these skylights. 
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A Photovoltaic 
Demonstrator 
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Introduction 
Have you e v e r  wondered why s o l a r  c o l l e c t o r s  a re  o f t e n  

mounted a t  a n g l e s  d i f f e r e n t  f rom t h o s e  o f  t h e  r o o f s  t h e y  are 
p l a c e d  o n ,  o r  about t h e  e f f e c t i v e n e s s  o f  t h e  d i f f e r e n t  k i n d s  
of g l a z i n g s  ( t r a n s p a r e n t  c o v e r  m a t e r i a l s )  you see on d i f f e r e n t  
co l l ec to r s?  I n  t h i s  a c t i v i t y ,  you are  g o i n g  t o  b u i l d  a s o l a r  
d e m o n s t r a t o r  t o  h e l p  you d e t e r m i n e  t h e  a n s w e r s  t o  t h e s e  
q u e s t i o n s .  

T h i s  d e m o n s t r a t o r  w i l l  c o n s i s t  b a s i c a l l y  o f  a p h o t o v o l -  
t a i c  ( s o l a r )  c e l l  c o n n e c t e d  t o  a milliamme.ter. A p h o t o v o l t a i c  
c e l l  c o n v e r t s  s u n l i g h t  d i r e c t l y  i n t o  e l e c t r i c i t y .  The 
i n t e n s i t y  o f  t h e  s u n l i g h t  d e t e r m i n e s  t h e  amount of  e l e c t r i c i t y  
p r o d u c e d .  T h i s  f a c t  w i l l  a l low you t o  measu re  a number o f  
t h i n g s ,  s u c h  as  

how much l i g h t  d i f f e r e n t  c o l l e c t o r  g l a z i n g s  t r a n s m i t ,  
t h e  p o s i t i o n  o f  t h e  s u n  i n  t h e  s k y  a t  any p a r t i c u l a r  
t i m e ,  
t h e  d i r e c t i o n  and  a n g l e  a t  which  a so l a r  c o l l e c t o r  
s h o u l d  be p l a c e d  t o  r e c e i v e  maximum s o l a r  e n e r g y  a t  
any p a r t i c u l a r  t i m e ,  and  
how w e a t h e r  c o n d i t i o n s  a f f e c t  s o l a r  i n t e n s i t y .  
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Obiectives n 
J 

A t  t h e  c o m p l e t i o n  o f  t h i s  a c t i v i t y ,  you s h o u l d  b e  a b l e  t o  

o c o n s t r u c t  a s o l a r  d e m o n s t r a t o r ,  
o measure  t h e  o u t p u t  of  t h e  d e m o n s t r a t o r  as a f u n c t i o n  

of  t h e  s u n ' s  a z i m u t h ,  a l t i t u d e ,  and i n t e n s i t y ,  and 
o f  t h e  d e m o n s t r a t o r ' s  a n g l e  of i n c l i n a t i o n ,  

o measure t h e  o u t p u t  o f  t h e  d e m o n s t r a t o r  as  a f u n c t i o n  
of t h e  t r a n s m i t t a n c e  of g l a z i n g s ,  and 

o d e f i n e  t r a n s m i t t a n c e ,  az imuth  a n g l e ,  s o l a r  a l t i t u d e ,  
a n g l e  o f  i n c l i n a t i o n ,  and g l a z i n g .  

Skills and Knowledge You Need 
Woodworking s k i l l s ,  i n c l u d i n g  s a f e  u s e  o f  d r i l l  p r e s s ,  t a b l e  
saw, r o u t e r ,  and  hand t o o l s  

I 

I Graph ing  s k i l l s  

Materiads and Equipment 
3 / 4" plywood 
p h o t o v o l t a i c  c e l l  
h i n g e s  ( t w o )  
c1:ips ( t w o )  
m i  :I 1 i a m m e  t e r  
w i r e  f o r  e l e c t r i c a l  c o n n e c t i o n s  
screw t y p e  e l e c t r i c a l  c o n n e c t o r s  
screws 
p 1 e x  i g 1 as s s h e  e t 
cornp as s 
several  s o l a r  c o l l e c t o r  g l a z i n g s ,  s u c h  as g l a s s ,  p l a s t i c ,  
a c r y l i c ,  and  v a r i o u s  commerc ia l  p r o d u c t s  
l / Z "  band i r o n  

epoxy 
v a r i a b l e  r e s i s t o r  ( 5 K )  

SPST s w i t c h  
p r o t r a c t  o r  

Q 



plywood base 
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Con st r uct ion Proced u re 
1. 

2 .  

3. 

4 .  

5. 

6 .  

Cut  o u t ,  s a n d ,  and f i n i s h  wood p a r t s  t o  t h e  s p e c i f i c a -  
t i o n s  shown i n  Diagram 1. Cut  6" of band i r o n  and 
s h a r p e n  one end a s  shown i n  t h e  d i ag ram.  

W i t h  a r o u t e r ,  r o u t  o u t  a d e p r e s s i o n  s l i g h t l y  l a r g e r  
t h a n  t h e  s o l a r  c e l l  and 1 / 1 6 "  d e e p .  Also r o u t  s p a c e s  
f o r  t h e  w i r e s  and a s p a c e  f o r  t h e  SPST s w i t c h .  

D r i l l  h o l e s  f o r  t h e  s o l a r  c e l l  wires, m i l l i a m m e t e r ,  
and t h e  v a r i a b l e  r e s i s t o r .  

I f  t h e  s o l a r  c e l l  does  no t  have p r e s o l d e r e d  w i r e  l e a d s ,  
a l e a d  must be c a r e f u l l y  s o l d e r e d  t o  e i t h e r  s i d e .  Use 
e x t r a  c a r e  t o  make s u r e  no s o l d e r  l e a k s  o v e r  e d g e .  

Assemble t h e  wooden s e c t i o n s  a s  shown i n  Diagram 1. 
A t t a c h  band i r o n  s u p p o r t .  

I n s e r t  t h e  s o l a r  c e l l  i n t o  i t s  d e p r e s s i o n .  Feed w i r e s  
th rough  t h e  d r i l l e d  h o l e .  

Caution: Solar c e l l s  are very expensive and very f r a g i l e .  iVount 
the  c e l l  very c a r e f u l l y .  

7. Cu t  t h e  p l e x i g l a s s  s h e e t  t o  c o v e r  t h e  s o l a r  c e l l  and 
sc rew i t  i n t o  p l a c e .  

8 .  A t t a c h  t h e  n i l l i a n m e t e r ,  v a r i a b l e  r e s i s t o r ,  e l e c t r i c a l  
c o n n e c t o r s ,  s w i t c h ,  and r e m a i n i n g  w i r i n g .  
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9 .  Wire t h e  c i r c u i t  as shown 
i n  Diagram 2 .  B e  s u r e  t o  
w i r e  t h e  v a r i a b l e  r e s i s t o r  
i n  parallel with t h e  
meter. B e  s u r e  t o  check  
t h e  p o l a r i t y  of  t h e  s o l a r  
c e l l  b e f o r e  f i n a l  con- 
n e c t i o n s  a re  made. 

1 0 .  A t t a c h  two c l i p s  t o  h o l d  
g l a z i n g s .  

11. Al ign  a p r o t r a c t o r  w i t h  
t h e  d e m o n s t r a t o r ' s  h i n g e s .  
L i f t  t h e  t o p  s e c t i o n  o f  
t h e  d e m o n g t r a t o r ,  s t o p -  
p i n g  a t  5 i n t e r v a l s .  A t  
e a c h  s t o p ,  c a r e f u l l y  mark 
t h e  p o s i t i o n  o f  t h e  s h a r p -  
ened  end o f  t h e  band i r o n  
w i t h  a f e l t - t i p  marke r .  
L a b e l  each  mark n e a t l y  i n  
d e g r e e s  o f  i n c l i n a t i o n .  

Proced u re 

electrical , &,/ ,, 
connectors 

milliammeter 

I I 

va r i a b I e resistor 
Diaeram 3 

Y 

band iron support 

I- hinge 

1. D e t e r m i n i n g  t h e  a n g l e  of az imuth  o f  t h e  s u n  ( t h e  
d i s t a n c e  of  t h e  s u n  from t r u e  s o u t h )  

a. S e t  t h e  d e m o n s t r a t o r  a t  45O i n  a n  o u t s i d e  area 
f r e e  o f  shadows,  b u i l d i n g s ,  or t rees ,  Note t h e  
t i m e  o f  d a y .  

b .  S i g h t  t h e  d e m o n s t r a t o r  a l o n g  t h e  f o l l o w i n g  com- 
p a s s  p o i n t s :  N ,  NE, E ,  S E ,  S ,  SW, W ,  and  NW, 
and t a k e  a meter r e a d i n g  a t  e a c h  p o i n t .  

c .  P l o t  r e a d i n g s  on Graph 1. 

d .  S e l e c t  t h e  compass p o i n t  w i t h  t h e  h i g h e s t  r e a d i n g .  
S i g h t  t h e  d e m o n s t r a t o r  a t  5 O  i n t e r v a l s  a round  t h i s  
compass p o i n t .  The h i g h e s t  r e a d i n g  w i l l  g i v e  you 
t h e  a p p r o x i m a t e  a n g l e  o f  az imuth  o f  t h e  s u n  f o r  
t h e  t i m e  o f  day you n o t e d .  S o l a r  az imuth  t e l l s  
you t h e  d i s t a n c e  o f  t h e  s u n  from t r u e  s o u t h .  

e .  Repea t  S t e p  1 f o r  a n o t h e r  t i m e  o f  day .  

2 .  D e t e r m i n i n g  t h e  b e s t  a n g l e  of i n c l i n a t i o n  f o r  t h e  
d e m o n s t r a t o r  by f i n d i n g  t h e  a l t i t u d e  of  t h e  s u n  ( t h e  
h e i g h t  o f  t h e  s u n  i n  t h e  s k y )  

n 
a .  S e t  t h e  d e m o n s t r a t o r  a t  t h e  a n g l e  of  az imuth  you 

found i n  S t e p  1. 



4-5 

b .  P o s i t i o n  t h e  t o p  s e c t i o n  of t h e  d e m o n s t r a t o r  a t  
5 O  i n c l i n a t i o n  i n t e r v a l s  and  t a k e  a meter r e a d -  
i n g  a t  e a c h  i n t e r v a l .  S t a r t  w i t h  Oo and e n d  w i t h  
90°. 

e .  On Graph 2 p l o t  meter readings v s .  degrees of  
i n c l i n a t i o n .  

d .  Select  t h e  i n c l i n a t i o n  w i t h  t h e  h i g h e s t  meter 
r e a d i n g .  S u b t r a c t  f rom 90° t o  o b t a i n  t h e  s o l a r  
a l t i t u d e  for t h e  t i m e  o f  day  you  n o t e d .  S o l a r  
a l t i t u d e  t e l l s  you t h e  h e i g h t  o f  t h e  s u n  i n  t h e  
s k y .  

e .  Repea t  S t e p  2 for a n o t h e r  t i m e  o f  d a y .  

3. D e t e r m i n i n g  s o l a r  i n t e n s i t y  

a.  Keep ing  t h e  same a n g l e  o f  a z i m u t h ,  se t  t h e  s o l a r  
demonstrator a t  t h e  angle of  i n c l i n a t i o n  which 
y i e l d e d  t h e  h i g h e s t  r e a d i n g  i n  S t e p  2 .  

b .  Take  meter  r e a d i n g s  s e v e r a l  t i m e s  a day  o v e r  
s e v e r a l  d a y s ,  c a r e f u l l y  n o t i n g  t i m e ,  d a y ,  meter 
r e a d i n g ,  a n d  e s p e c i a l l y  s k y  and  w e a t h e r  c o n d i t i o n s .  

4 .  D e t e r m i n i n g  t h e  t r a n s m i t t a n c e  o f  g l a z i n g  

a .  S e t  t h e  d e m o n s t r a t o r  a t  t h e  a n g l e s  o f  a z i m u t h  and  
i n c l i n a t i o n  found  i n  S t e p s  1 and  2 .  

b .  Use t h e  v a r i a b l e  r e s i s to r  t o  s e t  t h e  meter t o  1. 

c .  I n s e r t  t e s t  g l a z i n g s  be tween t h e  c l i p s  and 
r e c o r d  t h e  meter r e a d i n g s .  

d .  C o n s t r u c t  a b a r  g r a p h  r e p r e s e n t i n g  t y p e s  of  g l a z i n g s  
and  t h e  p e r c e n t  o f  l i g h t  t r a n s m i t t e d .  

Questions 
1. 

2. 

3. 

4 .  

5. 

What a n g l e  o f  s o l a r  a z i m u t h  d i d  you  f i n d  f o r  t h e  
f i r s t  t i m e  o f  d a y ?  F o r  t h e  s e c o n d  t i m e  o f  day?  

Were t h e s e  a n g l e s  of  az imuth  t h e  s'ame? Why o r  why 
n o t ?  

What a n g l e  of  s o l a r  a l t i t u d e  d i d  you f i n d  f o r  t h e  
f i r s t  t i m e  o f  day?  F o r  t h e  s e c o n d  t i m e  o f  day?  

Were t h e s e  a n g l e s  o f  a l t i t u d e  t h e  same? IVhy o r  
why n o t ?  

I f  you were t o  i n s t a l l  a s o l a r  c o l l e c t o r  t h a t  would 
work a t  peak  e f f i c i e n c y ,  f o r  what t i m e  o f  day  
s h o u l d  you c h o o s e  a z i m u t h  and  a l t i t u d e  a n g l e s ?  Why? 



6 .  A s  t he  seasons progress ,  what happens t o  t h e  values  
of the  s u n ' s  azimuth and a l t i t u d e ?  

7.  Based on your observat ions i n  Step 3, what a r e  the  
e f f ec t s  of time of day and weather  c o n d i t i o n s  on t h e  
output of  a photovol ta ic  c e l l ?  How would these  
a f f e c t  a s o l a r  c o l l e c t o r ?  

8.  Why was the  meter s e t  a t  1 i n  Step 4? 

9.  Which g laz ing  produced the  g r e a t e s t  t ransmit tance i n  
Step 4? The l e a s t ?  

F 
Looking Back 

You. found t h a t  t h e r e  were many f a c t o r s  which a f f e c t e d  
the  performance of your s o l a r  demonstrator,  including s o l a r  
azimuth and a l t i t u d e ,  angle of i n c l i n a t i o n  of t h e  demonstrator,  
t i m e  o f  day, weather condi t ions ,  and t ransmi t tance  of t h e  
glazings placed over t h e  c e l l .  

Data such as you c o l l e c t e d  i n  t h i s  a c t i v i t y  can be used 
t o  help you a c t u a l l y  choose and o r i e n t  a s o l a r  c o l l e c t o r .  
You now know t h e  percentage of l i g h t  var ious glazings t r a n s m i t ,  
as  wel l  as the  proper angles  f o r  p lac ing  a c o l l e c t o r  a t  a 
p a r t i c u l a r  time of day. With t h i s  information,  you a r e  wel l  
on your way t o  i n s t a l l i n g  your own s o l a r  c o l l e c t o r .  But  
remember t h a t  s o l a r  azimuth and a l t i t u d e  angles  change over 
t h e  course of a day and of  a year .  For t h i s  reason,  s o l a r  
c o l l e c t o r s  a r e  usua l ly  i n s t a l l e d  a t  angles  averaged on a 
d a i l y  and year ly  b a s i s  f o r  your l a t i t u d e .  

n 

Going Further 
F i n d  t he  s o l a r  a l t i t u d e  and azimuth angles  a t  s o l a r  
noon. You w i l l  have t o  research how t o  determine 
s o l a r  noon. 

Graph s o l a r  a l t i t u d e  and azimuth as  a funct ion of  time 
of day on September 2 1 ,  December 2 1 ,  March 21, and 
June 21.  T h i s  w i l l  give you a s u n  cha r t  f o r  your 
l a t i t u d e .  

V i s i t  l o c a l  s o l a r  i n s t a l l a t i o n s  t o  f i n d  out which 
c o l l e c t o r  angles a r e  used and why. 

Compare t h e  p r i c e s  of  var ious g l az ings  w i t h  t h e  t r ans -  
mittance measurements of those g laz ings .  

Prepare weekly, m o n t h l y ,  seasonal ,  and year ly  averages 
of  optimum angles  of  i n c l i n a t i o n  a t  noon f o r  s o l a r  
c o l l e c t o r s  i n  your a r e a .  



Convert meter readings to langleys and determine 
average amounts of insolation for sunny, hazy, 
overcast, and very cloudy days. 

Compare your values of transmittance for various 
glazings to the manufacturers' specifications. 

4-7 
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Teacher Information 

A Photovoltaic Demonstrator 

Suggested Grade Level and Skill Area 

9-12 I n d u s t r i a l  A r t s  
Woodworking 
E l e c t r i c i t y  
Energy Technology 

F k i l l  Objectives 
Using a t a b l e  saw, r o u t e r ,  d r i l l  p r e s s ,  and some b a s i c  
woodworking t o o l s  

S o l d e r i n g  and b a s i c  w i r i n g .  

Reading, c o l l e c t i n g ,  g raph ing ,  and i n t e r p r e t i n g  d a t a  

Determining  s o l a r  a l t i t u d e  and az imuth  from d a t a  

Content Objectives 
S o l a r  a l t i t u d e  and azimuth are a f u n c t i o n  of  t h e  t i m e  
o f  day and season  of  y e a r .  

D i f f e r e n t  k i n d s  o f  g l a z i n g s  ( cove r  m a t e r i a l s )  w i l l  
t r a n s m i t  d i f f e r e n t  amounts o f  l i g h t .  

The a n g l e  of  i n c l i n a t i o n  of  a s o l a r  c o l l e c t o r  should  
be  a f u n c t i o n  of t h e  s o l a r  a l t i t u d e .  

The compass d i r e c t i o n  of  a s o l a r  c o l l e c t o r  shou ld  be  
a f u n c t i o n  of t h e  s o l a r  azimuth.  

Weather and sky c o n d i t i o n s  w i l l  a f f e c t  t h e  performance 
o f  a s o l a r  ce l l .  

Background 
A p h o t o v o l t a i c  o r  s o l a r  c e l l  i s  a t h i n  d i s c  o r  r e c t a n g l e  composed 

of  two l a y e r s  of a semi-conductor ,  u s u a l l y  s i l i con , "doped"  w i t h  a r s e n i c  
f o r  t h e  n e g a t i v e  N-layer and w i t h  boron f o r  t h e  p o s i t i v e  P - l aye r .  When 
l i g h t  s t r i k e s  t h e  semi-conductor  l a y e r s ,  i t s  energy  knocks e l e c t r o n s  
l o o s e .  These e l e c t r o n s  f l o w  through connec t ing  wires, c r e a t i n g  an  
e l ec t r i ca l  c u r r e n t .  
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P-N junct ion 

Diagram 4 

Cross Section of a Photovoltaic Cell 

T h i s  p r o d u c t i o n  of 
. e l e c t r i c i t y  i n  t h e  pre- 
s e n c e  of l i g h t  i s  a con- 
t i n u i n g  p r o c e s s .  No 
materials are consumed 
and the  c e l l  w i l l  t h u s  
o p e r a t e  i n d e f i n i t e l y .  
However, s , o l a r  c e l l  l i f e  
expectancy i s  dependent 
upon b o t h  h e a t  and t h e  
i n n a t e  f r a . g i l i t y  of t h e  
t h i n  d i s c s  and t i n y  e lectr i -  
ca l  connec t ions .  

Today, because of t h e i r  h i g h  c o s t ,  s o l a r  c e l l s  are used o n l y  i n  
remote a p p l i c a t i o n s ,  where power g r i d s  are n o t  a v a i l a b l e .  
s a t e l l i t e s  and remote weather  s t a t i o n s ,  h a r b o r  buoys,  and microwave 
s t a t i o n s .  But c o n c e n t r a t e d  r e s e a r c h  may soon r e s u l t  i n  a manufac tu r ing  
p r o c e s s  th .a t  w i l l  r educe  s o l a r  c e l l  c o s t s  s u b s t a n t i a l l y .  

They power our 

The s o l a r  c e l l  can easi ly  be used as a test  instrument because of 
t h e  d i r e c t  r e l a t i o n s h i p  between s u n l i g h t  s t r i k i n g  t h e  c e l l  and t h e  e l e c t r i c t y  
produced. The s o l a r  demons t r a to r  c o n s t r u c t e d  i n  t h i s  a c t i v i t y  i s  j u s t  such  an 
i n s t r u m e n t .  It can be used by s t u d e n t s  t o  s t u d y  t h e  d a i l y  and s e a s o n a l  move- 
ments o f  t h e  s u n ,  as w e l l  as t h e  t r a n s m i t t a n c e  o f  d i f f e r e n t  k i n d s  of  g l a z i n g s .  
From t h i s ,  s t u d e n t s  can l e a r n  how t o  o r i e n t  s o l a r  c o l l e c t o r s  and choose g l az -  
i n g s  f o r  them. I n  t h e  process they  w i l l  l e a r n  something about  t h e  
p r o p e r t i e s  of s o l a r  c e l l s .  

Advance Planning 
B e  s u r e  t o  a l l o w  enough t i m e  f o r  c o n s t r u c t i o n  of t h e  demons t r a to r  
p r i o r  t o  i t s  use .  

Suggested Time Allotment 
Allow a minimum o f  10 c l a s s  p e r i o d s  f o r  c o n s t r u c t i o n .  

Each of  t h e  l a b  a c t i v i t i e s  t a k e s  about one c l a s s  p e r i o d .  

Suggested Approach 
Once t h e  a p p a r a t u s  i s  c o n s t r u c t e d ,  i t  can be  used i n  o t h e r  y e a r s  f o r  
t h e  l a b  e x e r c i s e .  

Def ine  and e x p l a i n  a l t i t u d e  and azimuth b e f o r e  s t u d e n t s  beg in  
c o l l e c t i n g  d a t a .  



It  i s  b e s t  t o  g i v e  s t u d e n t s  background i n f o r m a t i o n  on p h o t o v o l t a i c s  
p r i o r  t o  t h e  a c t i v i t y .  A l so  have several r e f e r e n c e s  a v a i l a b l e  
t o  t h e  s t u d e n t s  f o r  c l a r i f y i n g  terms and f u r t h e r  r e a d i n g .  

Use t h e  a c t i v i t y  as a l e a d - i n  t o  ac t ive  s o l a r  h e a t i n g .  

I - 
Precautions 

Solar c e l l s  are extremely f r a g i l e .  
t r e a t  them gent ly .  ( I n  some cases, you may want t o  
mount the ce 2 2s yourse Zf. ) 

As aZways, a l l  shop ru le s  appZy when construct ing t h i s  
pro jec t ,  especiaZZy wearing sa fe t y  glasses and know- 
i n g  the  correct  use o f  t h e  t o o l s .  

Caution students against  Zooking i n t o  the  sun. 

Caution s tudents  t o  

~ 

Points for Discussion 
Go over  t h e  q u e s t i o n s  i n  t h e  s t u d e n t  s e c t i o n  and stress t h e  impl i ca -  
t i o n s  o f  t h e  answers .  

Why would you p o s s i b l y  o r i e n t  a c o l l e c t o r  a l i t t l e  east of  s o u t h ?  

Why does  a s o l a r  c o l l e c t o r  work even  on an o v e r c a s t  day? 

A t  what az imuth  and i n c l i n a t i o n  a n g l e s  would you set  a s o l a r  
c o l l e c t o r  f o r  a swimming p o o l ?  For  a h o t  water h e a t i n g  system? 
Why? 

Typical Results 
Various  s o l a r  books,  such  as Bruce Anderson’s  The S o l a r  H o m e  Book, 
c o n t a i n  ave rage  s o l a r  az imuth  and s o l a r  a l t i t u d e  a n g l e s  f o r  a l l  
l a t i t u d e s  i n  t h e  Uni ted  S t a t e s .  

Sun c h a r t s ,  such  as t h o s e  found i n  Edward Mazr i a ’ s  The P a s s i v e  S o l a r  
Energy Book, w i l l  g i v e  a l t i t u d e  and az imuth  as a f u n c t i o n  of  
month and t i m e  o f  day. S t u d e n t  r e s u l t s  w i l l  v a r y  somewhat from 
t h e s e  v a l u e s .  

Azimuth a n g l e s  a t  midday w i l l  va ry  s l i g h t l y  froin t r u e  south ,  
depending on s t u d e n t  accu racy .  

S t u d e n t s  should  o b t a i n  some v a l u e s  f o r  t h e  meter r e a d i n g s  even  on 
c loudy days .  



v a r i o u s  g l a z i n g s  ahead o f  t i m e .  S o l a r  c o l l e c t o r  d e a l e r s  
may be a sou rce  of  tes t  samples.  

A mult imeter  may be s u b s t i t u t e d  f o r  t h e  mil l iammeter  and v a r i a b l e  
r e s i s t o r .  Connect mul t imeter  t o  e l ec t r i ca l  c l i p s .  

References 
Direct U s e  of t h e  Sun 's  Energy, F a r r i n g t o n  Dan ie l s .  

( B a l l a n t i n e  Books, 201 East 50 th  Street ,  New York, NY, 
10022, 1974, $1.95/paper . )  

S n l a i -  En ~ e r g y  , John Hoke. 
( F r a n k l i n  Wat t s ,  730 F i f t h  Avenue, New York, NY, 10019, 
1978, $4.90.)  

Solair Sc ience  P r o j e c t s  f o r  a Cleaner  Environment, D.S. Halacy,  Jr. 
( S c h o l a s t i c  BOOK Service, 50 West 44th  S t r e e t ,  New York, 
NY, 10056, 1974,  $.85.)  

The I 'assive S o l a r  Energy Book, Edward Mazria.  
(Rodale Press, 33 East Minor S t ree t ,  Emmaus, PA, 18049, 
1979, $10.95.)  
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- 
(Cheshi re  Books, 514 Bryant Street ,  P a l o  A l t o ,  CAY 94301, 
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f Introduction 

5 

N o  matter what  k i n d  of  solar h o u s e  i s  b e i n g  b u i l t ,  t h o u g h ,  
c e r t a i n  s o l a r  s i t i n g  f e a t u r e s  can  i n c r e a s e  b o t h  s o l a r  c o l l e c t i o n  
and e n e r g y  c o n s e r v a t i o n .  I n  t h i s  a c t i v i t y ,  y o u ' l l  s e l ec t  a 

I p l o t  of l a n d  and  a n a l y z e  i t s  p o t e n t i a l  as t h e  s i t e  f o r  a s o l a r  
I h o u s e .  I 

How to Site a Solar House 

R e c e n t l y  you may h a v e  hea rd  p e o p l e  t a l k i n g  a b o u t  b u i l d i n g  
s o l a r  homes. Someone you know may even  be b u i l d i n g  o n e .  A 
s o l a r  home can employ e i t h e r  an a c t i v e  o r  a p a s s i v e  s o l a r  
h e a t i n g  s y s t e m .  I n  an  a c t i v e  s y s t e m ,  s o l a r  c o l l e c t o r s  t r a p  
t h e  s u n ' s  e n e r g y  and  change  i t  t o  h e a t ,  and  pumps o r  f a n s  c i r -  
c u l a t e  t h e  h e a t  c o l l e c t e d  t o  t h e  i n t e r i o r  o f  t h e  h o u s e .  I n  a 
p a s s i v e  s y s t e m ,  t h e  h o u s e  i t s e l f  acts  l i k e  a g i a n t  s o l a r  
c o l l e c t o r .  
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0 b jectives 
A t  t h e  comple t ion  of t h i s  a c t i v i t y ,  you s h o u l d  b e  a b l e  

t o  

c~ make a s k e t c h  of a p l o t  o f  l a n d ,  
CI i d e n t i f y  l a n d s c a p e  f e a t u r e s  w h i c h  i n c r e a s e  s o l a r  

h e a t i n g  and c o o l i n g  e f f e c t s ,  
CI choose  a l o c a t i o n  f o r  a house  b a s e d  on t h e s e  

s o l a r  l a n d s c a p e  f e a t u r e s ,  ana  
CI a n a l y z e  t h e  a d v a n t a g e s  and d i s a d v a n t a g e s  of a 

p a r t i c u l a r  house  s i t e .  

Skills and Knowledge You Need 
5; imp 1 e s ke t c h i n  g 
I d e n t i f y i n g  g e o g r a p h i c  f e a t u r e s  and e v e r g r e e n  and 
dec iduous  t r e e s  
T a k i n g  compass r e a d i n g s  
Naking c a r d b o a r d  models  
Doing b a s i c  a l g e b r a  

Materials and Equipment 
s k e t c n  pad anci p e n c i l s  
1.00 f o o t  m e a s u r i n g  t a p e  
t r a c i n g  p a p e r  
c: omp ass 

Proced u re 
3 . .  S e l e c t  a 1 t o  2 a c r e  p l o t  of l a n d  a s  t h e  p o t e n t i a l  

s i t e  f o r  your  "dream house" .  You c a n  choose  t h e  
p l o t  o f  l a n d  your  own home s t a n d s  o n ,  l a n d  on t h e  
s c h o o l  p r o p e r t y ,  o r  any o t h e r  l a n d  you h a v e  a c c e s s  
t o .  

I C'czution: Be sure t o  obtain the  Zandmner's perm7:ssion before f you s t a r t .  
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2 .  S k e t c h  t h e  s i t e  from a 
" b i r d ' s  e y e "  v i ew.  I n -  
c l u d e  g e o g r a p h i c a l  
f e a t u r e s  s u c h  as h i l l s ,  
v a l l e y s ,  streams, p o n d s ,  
and  r o c k  o u t c r o p s .  Add 
e x i s t i n g  b u i l d i n g s ,  
r o a d s ,  t rees ,  and s h r u b s .  
D r a w  a l l  f e a t u r e s  approx-  
i m a t e l y  t o  s c a l e  and 
i n d i c a t e  b o t h  h e i g h t s  
o f  f e a t u r e s  and t h e  d i s -  
t a n c e s  be tween them. 
( S e e  Diagram 1.) 

To make a n  e x a c t  d e t e r -  

h e i g h t ,  measure  t h e  
h e i g h t  o f  a s t i c k  p l a c e d  
s t r a i g h t  i n t o  t h e  g round .  
Then measu re  t h e  l e n g t h  
o f  t h e  s t i c k ' s  shadow tlnd h e i g h t  o f  o b j e c t  - - 
t h e  l e n g t h  o f  t h e  o b j e c t ' s  h e i g h t  o f  s t i c k  

o b j e c t  can be found b y :  

m i n a t i o n  of a n  o b j e c t ' s  Diagram I 

shadow. The h e i g h t  o f  t h e  shadow length  of  ob . ec t  
shadow l e n g t h  of s t i c k  

3. Check f o r  s u c h  t h i n g s  as  wet s p o t s ,  rocky  s o i l ,  and r o c k  
l e d g e s ,  and  s k e t c h  on an o v e r l a y  of  t r a c i n g  p a p e r .  
You now have  t h e  s t a r t  of  a n  o v e r l a y  nix?. 

4 .  F i n d  o u t  t h e  d i r e c t i o n  o f  
t h e  w i n t e r  w inds  i n  y o u r  
area and l o o k  f o r  n a t u r a l  
w i n d b r e a k s  on y o u r  s i t e .  
These  u s u a l l y  b l o c k  t h e  
w i n d  for a d i s t a n c e  e q u a l  
t o  f i v e  times t h e  h e i g h t  
of t h e  w i n d b r e a k .  ( S e e  
Diagram 2 . )  On a n o t h e r  

p l o t  t h e  areas t h a t  w i l l  
b e  a f f e c t e d  by w i n d b r e a k s  o r  e x i s t i n g  b u i l d i n g s  (same 
r u l e s  a p p l y ) .  Iiemember t h a t  o n l y  c o n i f e r o u s  ( e v e r -  
g r e e n )  t r ee s  can a c t  as  w i n d b r e a k s  i n  w i n t e r .  

o v e r l a y  o f  t r a c i n g  p a p e r ,  Diagram 2 

5. I n  t h e  same m a n n e r ,  p l o t  
t h e  s h a d i n g  e f f e c t  o f  
d e c i d u o u s  ( l e a f y )  t rees  
and e x i s t i n g  b u i l d i n g s .  
Assume t h a t  t h e s e  o b j e c t s  
w i l l  shadow t h e  area t o  
t h e i r  n o r t h  a d i s t a n c e  of 
3 / 4  t h e i r  h e i g h t .  ( S e e  
D i a g r a n  3 . )  

r 

shaded area 

Diagram 3 
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6 .  F i n d  t r u e  ( s o l a r )  s o u t h  f o r  y o u r  s i t e  by d e t e r m i n i n g  
t h e  t i m e  t h a t  i s  e x a c t l y  midway be tween s u n r i s e  
and s u n s e t .  T h i s  is s o l a r  noon.  P l a c e  a peg  up- 
r i g h t  i n  t h e  g round  and o b s e r v e  i t s  shadow a t  s o l a r  
noon. I t  w i l l  p o i n t  t r u e  n o r t h .  T r u e  s o u t h  i s  
1800 f rom t r u e  n o r t h .  Mark t r u e  n o r t h  and  s o u t h  
on y o u r  map. With a compass,  measure t h e  number o f  
d e g r e e s  t h e y  d e v i a t e  from m a g n e t i c  n o r t h  and s o u t h .  
Note t h i s  on y o u r  map. 

7 .  Choose a s u i t a b l e  l o c a t i o n  f o r  y o u r  dream house  by 
s t u d y i n g  t h e  maps and o v e r l a y s .  A s c a l e d  c a r d -  
b o a r d  model o f  y o u r  h o u s e  can b e  moved a round  t h e  
s i t e  map and w i l l  h e l p  you see t h e  e f f e c t s  o f  t h e  
v a r i o u s  f e a t u r e s  o f  t h e  s i t e .  

What f a c t o r s  c o n t r i b u t e  t o  s i t i n g  a s o l a r  house?  
i d e a l  s i t e  would i n c l u d e  

c o n i f e r o u s  t r e e s  on t h e  windward s i d e  t o  ac t  as 
a w i n d b r e a k ,  
s h r u b s  i n  f r o n t  of t h e  windbreak  t o  f u r t h e r  
r e d u c e  w i n t e r  w ind ,  
v e g e t a t i o n  p l a c e d  t o  c h a n n e l  t h e  c o o l i n g  summer 
b r e e z e s  toward  t h e  h o u s e ,  
d e c i d u o u s  t rees  o n  t h e  s o u t h  s i d e  t o  b l o c k  t h e  
h o t  summer s u n ;  i n  w i n t e r ,  t h e s e  t rees  w i l l  b e  
l e a f l e s s  and  t h e  s u n  w i l l  s h i n e  t h r o u g h  them t o  
w a r m  t h e  h o u s e ,  
t h e  s o u t h  s i d e  o f  a h i l l  i n  c l imates  where  t h e  
w i n t e r  i s  c o l d  and t h e  summer t e m p e r a t e ,  t h e  s o u t h -  
ea s t  s i d e  o f  a h i l l  i n  c l imates  where  t h e  w i n t e r  
is t e m p e r a t e  and  t h e  summer h o t ,  
a mid - s lope  l o c a t i o n  f o r  t h e  house  i n  o r d e r  t o  
a v o i d  t h e  windswept  peak  and t h e  c o l d  v a l l e y ,  and  
a h o u s e  p l a c e d  s o  most o f  i t s  winciows f a c e  s o u t h  
t o  c a t c h  t h e  warming r a y s  o f  t h e  w i n t e r  s u n .  

D r a w  t h e  l o c a t i o n  o f  your  h o u s e  on t h e  map. 

S .  O b v i o u s l y ,  a n  i d e a l  h o u s e  s i t e  is n o t  a l w a y s  a v a i l -  
a b l e .  L i s t  t h e  a d v a n t a g e s  and  d i s a d v a n t a g e s  o f '  t h e  
s i t e  you c h o s e .  D o n ' t  f o r g e t  t o  l i s t  s u c h  f a c t o r s  
as  v i e w ,  r o a d  access ,  and ease of e x t e n d i n g  power 
l i n e s ,  a s  w e l l  as t h e  p a s s i v e  s o l a r  f a c t o r s  you 
c o n s i d e r e d  above .  

9 .  On a n o t h e r  o v e r l a y ,  p l a n  and s k e t c h  a d d i t i o n a l  
l a n d s c a p i n g  t o  inc rease  t h e  s o l a r  s i t i n g  e f f e c t .  
Add w i n d b r e a k s ,  s h r u b s ,  and d e c i d u o u s  t r ee s  as  
necessary.  n 
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T ? . 
Questions 

1. What a r e  t h e  a d v a n t a g e s  and d i s a d v a n t a g e s  o f  t h e  s i t e  
you c h o s e ?  

2 .  What s o l a r  l a n d s c a p i n g  improvements  d i d  you make t o  
t h e  s i t e ?  

3 .  Which s o l a r  l a n d s c a p e  f e a t u r e s  were you a b l e  t o  u s e  
i n  l o c a t i n g  y o u r  house?  

4 .  What a re  t h e  a d v a n t a g e s  of p l a c i n g  a h o u s e  on t h e  
west s i d e  o f  a v a l l e y  s o  t h a t  i t  f a c e s  eas t?  On t h e  
ea s t  s i d e  s o  t h a t  i t  f a c e s  w e s t ?  

- 

Looking Back 
How a re  home s i t e s  a c t u a l l y  chosen?  A l l  t o o  o f t e n  

home b u i l d e r s  j u s t  p l a c e  a home on a p l o t  o f  l a n d  s o  
t h a t  i t  f a c e s  tile r o a d .  They d o n ' t  b o t h e r  t o  examine  
t h e  s i t e  and  d e t e r m i n e  i t s  s o l a r  p o t e n t i a l .  With t h e  
h i g h  cost  o f  e n e r g y  t o d a y ,  can we a f f o r d  t o  c o n t i n u e  
b u l l d o z i n g  a l l  t h e  t rees  from home s i t e s ?  Can w e  
a f f o r d  t o  n e g l e c t  t h e  p o t e n t i a l  of t h e  s i t e  i t s e l f  t o  
h e l p  w a r m  and  c o o l  o u r  homes? 

I n  t h i s  a c t i v i t y  you l e a r n e d  t h a t  c o n i f e r o u s  t rees  
and  s h r u b s  can a c t  as w i n d b r e a k s ,  t h a t  d e c i d u o u s  t r ee s  
can  p r o v i d e  c o o l i n g  s h a d e  i n  summer b u t  a l l o w  w i n t e r  
warming by t h e  s u n ,  and t h a t  g e o g r a p h i c  f e a t u r e s  a f f e c t  
s o l a r  s i t i n g .  You a l s o  l e a r n e d  t h a t  a d d i t i o n a l  l a n d -  
s c a p i n g  c a n  improve t h e  s o l a r  e f f e c t  of a s i t e .  

Going Further 
D r a w  a s i d e  p r o f i l e  o f  t h e  l o c a t i o n  you c h o s e  f o r  y o u r  
h o u s e .  What a d d i t i o n a l  i n f o r m a t i o n  d o e s  t h i s  g i v e  you 
i n  a n a l y z i n g  t h e  s i t e ?  

Does y o u r  s i t e  show p o t e n t i a l  f o r  an ea r th -be rmed  o r  
unde rg round  home? Research c u r r e n t  a . r t i c l e s  f o r  
i n f o r m a t i o n  on s i t i n g  t h e s e  s t y l e s  o f  p a s s i v e  so l a r  
h o u s e .  

P e r f o r m  a s i t e  a n a l y s i s  f o r  someone who is  b u i l d i n g  a 
h o u s e .  

Have a s o l a r  b u i l d e r  s p e a k  t o  y o u r  c l a s s  a b o u t  c h o o s i n g  
a home s i t e .  Ask t o  go a l o n g  w i t h  h i m  when h e  i n s p e c t s  
a s i t e .  

Take some p h o t o s  o f  t h e  s i t e  you a n a l y z e d  and  have  them 
r e v i e w e d  by a p r o f e s s i o n a l  b u i l d e r .  
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Teacher Information 
How to Site a Solar House 

Suggested Grade Level and Skill Area 
9-12 Industrial Arts 
Alternative Energy 
House Construction 
Home Economics 

F \ 

Skill Objectives 
Mapping a potential home site 

Identifying the solar features of a site 

Analyzing the effect of site features on a 
solar house 

Properly orienting and locating a house on a site 

Content Objectives 
To receive direct solar gain, a house must be properly oriented 
on a site. The majority of windows should face the south, a 
few or none, the north. 

Coniferous trees and shrubs should be placed to reduce wind 
force. Deciduous trees should be placed for shading in 
summer, direct gain in winter. 

Vegetation should be planted to channel summer breezes toward 
the house. 

The house should be placed among geographic features to reduce 
wind force and increase passive gain, except in year-round warm 
climates. 

Background 
From the time man first erected permanent wooden shelters, he knew 

that careful planning of the site could make the house more comfortable. 
Taking advantage of nature, colonial builders in the northeast erected 
saltbox houses. These houses directed the north winds over the sloping 
roof and faced two stories to the warming southern sun. At many of these 
home sites, the remains of pine windbreaks are still evident, as are the 
"bride and groom'' trees planted in the front yard to block the hot summer 
sun. 

In hot, humid climates the ranch house was developed, maximizing heat 
loss and minimizing heat gain by its large surface area. Builders added 
large windows and louvers for natural ventilation and extended overhangs 
for shade. In the hot, arid climate of the southwest, builders turned 
t o  adobe, which acted as a heat sink to moderate the wide temperature 
fluctuation between day and night. 
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Choosing and p r e p a r i n g  a 
s i t e  w e r e  a l s o  i m p o r t a n t .  
Nor the rn  b u i l d e r s  looked f o r  
a l o c a t i o n  where a h i l l  would 
b r e a k  t h e  f o r c e  of t h e  wind. 
Lacking t h i s ,  a b a r n  o r  shed 
w a s  p l a c e d  on t h e  windward 
s i d e  t o  p r o t e c t  t h e  house.  
Windbreaks were p l a n t e d  on t h e  
s i d e  of  t h e  p r e v a i l i n g  w i n t e r  
winds t o  f u r t h e r  r educe  wind 
f o r c e .  Trees w e r e  removed 
from t h e  s o u t h e r n  and e a s t e r n  
s i d e s  of  t h e  s i t e , e x c e p t  f o r  
a few we l l -p l aced  deciduous 
trees, so  t h a t  t h e  sun could 
w a r m  t h e  house i n  t h e  w i n t e r .  
The k i t c h e n  w a s  u s u a l l y  p l a c e d  
on t h e  east s i d e  of the  house so tha t  i t  would be  the  f i r s t  room t o  
h e a t  i n  t h e  morning. 

Sou the rn  b u i l d e r s  looked f o r  a s i t e  on t h e  e a s t e r n  s l o p e  of  a 
h i l l  so  t h a t  t h e  house would b e  p r o t e c t e d  from t h e  h o t  a f t e r n o o n  sun. 
V e g e t a t i o n  w a s  p l a n t e d  so  t h a t  i t  channeled t h e  c o o l i n g  summer b r e e z e s  
toward t h e  house.  Houses were o f t e n  l o c a t e d  a t  t h e  crests of h i l l s  t o  
t a k e  t h e  maximum advantage o f  summer winds.  

U n f o r t u n a t e l y ,  many of t h e s e  methods of s i t i n g  a home were 
comple t e ly  f o r g o t t e n  d u r i n g  t h e  era of “cheap energy”. But r e t u r n i n g  
t o  t h e s e  methods can  s i g n i f i c a n t l y  r educe  t h e  c o s t  of h e a t i n g  a home. 
J u s t  p l a n t i n g  a windbreak,  f o r  example, can r educe  h e a t i n g  c o s t s  by 
1 2 4 5 % .  

Advance Planning 
Inform s t u d e n t s  of t h e  a c t i v i t y  ahead of t i m e  so t h e y  can choose 
t h e i r  sites. 

S t u d e n t s  shou ld  have background i n  s o l a r  d e s i g n  p r i o r  t o  t h e  
a c t i v i t y  . 
Review s o l a r  d e s i g n  concep t s  d u r i n g  t h e  a c t i v i t y .  

Have t r a c i n g  pape r  and s k e t c h  pads a v a i l a b l e  t o  s t u d e n t s  a t  t h e  
beg inn ing  of t h e  a c t i v i t y .  

Suggested Time Allotment 
Allow approx ima te ly  t h r e e  weeks f o r  t o t a l  a c t i v i t y .  S t u d e n t s  w i l l  
need t i m e  b o t h  t o  l o c a t e  and t o  a n a l y z e  t h e  si tes.  

Each phase  of t h e  a c t i v i t y  shou ld  t a k e  abou t  30 minu tes  i n  t h e  
f i e l d .  

- m  
“bride and groom” trees 

Diagram 4 

n 



Suggested Approach 
Choose a site on or near school property where you can run 
through the activity with the students before they select 
their own sites. They may need instruction in sketching, 
identifying geographic features, determining heights of trees 
and buildings, taking compass readings, and finding solar south. 

If a suitable location exists on or near school property, all 
students could analyze this site with direct teacher supervision. 
It would be interesting to compare results among students. Each 
student could then be assigned to do an individual site analysis. 

This activity provides a good lead-in to a discussion of career 
opportunities in solar energy fields, especially solar home 
design and construction. Local passive and active solar builders 
could be invited to speak to the class about career opportunities 
as well as solar home design, siting, and construction. 

T 

Precautions 
Make sure s tudents  obtain the  landowner's permission before 
s e l e c t i n g  a s i t e .  

Caution s tudents  against  such hazards as r o t t i n g  buildings., 
poison i v y ,  poison oak, snakes, and old wel l s .  

Poi n t s  f o r D i sc u ss io n 
What are the advantages of making a site map? 

Which are the most important considerations in selecting a 
passive solar s i t e ?  

What effect would plans for an earth-bermed or underground house 
have on site selection? What additional site features would need 
consideration? 

Students can display their site maps and discuss the reasons why 
the house locations were chosen. 

Typical Results 
Results will vary depending on the site the student has chosen. 
In general, proper siting should reflect the points discussed in 
the activity. 

Answers to Question # 4  should indicate that western slopes lose 
their snow earlier in the spring due to afternoon radiant heating, 
that eastern slopes catch the morning sun, and that a hill to the 
west dPf1pCt.s the Drevailing northwest winds. 
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Eva1 u at i o n 
Check maps f o r  n e a t n e s s ,  accu racy ,  and comple teness .  

S t u d e n t s '  r a t i o n a l e s  f o r  s i t e  s e l e c t i o n  and o r i e n t a t i o n  shou ld  be 
c a r e f u l l y  s c r u t i n i z e d  and d i s c u s s e d  w i t h  them. 

Ref e re n cses 
N a t u r a l  S o l a r  A r c h i t e c t u r e ,  David Wright. 

(Van Nostrand Reinhold Co., 135 West 5 0 t h  Street ,  New York, 
NY, 10020, 1978, $7.95.) 

The P a s s i v e  S o l a r  Energy Book, Edward Mazria. 
(Rodale Press, 33 East Minor S t r e e t ,  E m u s ,  PA, 18049, 
1979, $10.95.) 

"Build and Remodel f o r  Energy Ef f i c i ency" ,  Save Energy, Save 
D o l l a r s ,  B u l l e t i n  17 ,  Coopera t ive  Ex tens ion .  (Mai l ing  Room, 
7 Research Park ,  C o r n e l l  U n i v e r s i t y ,  I t h a c a ,  NY, 14853, $1.50.)  

"How t o  S i t e  a House", Te r ry  Hal lock .  
(Yankee, Dublin,  NH, ,03444, May, 1980.) 

"Landscape t o  Save Energy", Save Energy, Save D o l l a r s ,  B u l l e t i n  18, 
Coopera t ive  Extens ion .  (Mai l ing  Room, 7 Research Pa rk ,  
C o r n e l l  U n i v e r s i t y ,  I t h a c a ,  NY, 14853, $1.50.) 

n 
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I nt rod uction 
S o l a r  c o l l e c t o r s  a r e  

s i m p l y  d e v i c e s  t h a t  con- 
v e r t  t h e  s u n ' s  r a d i a n t  
e n e r g y  i n t o  h e a t  e n e r g y ,  
which can t h e n  b e  u s e d  t o  
w a r m  h o u s e s  or b u i l d i n g s .  
A t y p i c a l  c o l l e c t o r  h a s  
f o u r  b a s i c  p a r t s :  a 
g l a z i n g  ( t r a n s p a r e n t  
c o v e r  m a t e r i a l )  which 
t r a n s m i t s  s o l a r  r a d i a t i o n  
a n  a b s o r b e r  p l a t e  which 
a b s o r b s  t h i s  r a d i a t i o n  
and  c o n v e r t s  i t  t o  h e a t ;  
i n s u l a t i o n  which k e e p s  
t h i s  h e a t  f rom e s c a p i n g ;  
and a t r a n s f e r  f l u i d ,  
u s u a l l y  e i t h e r  a i r  o r  
water ,  which t r a n s p o r t s  
t h e  h e a t  t o  where  i t ' s  
needed .  

Co l l ec to r s  which u s e  
a i r  as a t r a n s f e r  f l u i d  
have s e v e r a l  advantages .  
T h e r e  is l i t t l e  m a i n t e n -  
ante, l e a k s  w o n ' t  cause 
d a m a g e ,  a n d  t h e  heated 
a i r  can be f e d  d i r e c t l y  i n t o  t h e  h o u s e  or b u i l d i n g .  
c o l l e c t o r  w o r k s  w e l l  a s  a t h e r m o s i p h o n i n g  s y s t e m ,  which  
m e a n s  t h a t  no pumps a re  needed  t o  t r a n s f e r  t h e  f l u i d .  

--__- 

And an a i r  

But  how d o e s  a t h e r n o s i p h o n i n g  co l l ec to r  work? The col-  
l e c t o r  is p l a c e d  below t h e  p o i n t  where  t h e  h e a t e d  a i r  i s  f e d  
i n t o  t h e  b u i l d i n g .  A s  t h e  a i r  i n  t h e  c o l l e c t o r  is h e a t e d ,  i t  
e x p a n d s ,  becomes less d e n s e ,  and rises i n t o  t h e  b u i l d i n g .  
Cooler a i r  t h e n  f l o w s  i n t o  t h e  b o t t o m  of t h e  c o l l e c t o r  t o  re- 
p l a c e  t h e  r i s i n g  w a r m  a i r .  
l y  h e a t e d  and  f e d  i n t o  t h e  b u i l d i n g .  

t o r ,  and t h e n  t e s t  i t  t o  see how i t  p e r f o r m s .  
even  b e  a b l e  t o  c o n n e c t  i t  t o  y o u r  h o u s e  or c l a s s r o o m  t o  p r o v i d e  
h e a t .  

I n  t h i s  way c o o l e r  a i r  is c o n t i n u a l -  

I n  t h i s  a c t i v i t y ,  y o u ' l l  b u i l d  a t h e r n o s i p n o n i n g  a i r  c o l l e c -  
P e r h a p s  y o u ' l l  
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0 bject ives 
A t  t h e  c o m p l e t i o n  o f  t h i s  a c t i v i t y ,  you s h o u l d  b e  a b l e  

t o  

o c o n s t r u c t  a work ing  t h e r m o s i p h o n i n g  a i r  c o l l e c t o r ,  
o t es t  t h e  c o l l e c t o r  t o  d e t e r m i n e  how w e l l  i t  p e r f o r m s ,  
o e x p l a i n  how a t h e r m o s i p h o n i n g  a i r  c o l l e c t o r  o p e r a t e s ,  

o s u g g e s t  improvements  i n  t h e  d e s i g n  of  t h e  c o l l e c t o r .  
a n  a 

Skills and Knowledge You Need 
HOW t o  s a f e l y  u s e  a d r i l l  p r e s s ,  a t a b l e  s a w  o r  s k i l l  
saw, and a metal band saw o r  s a b r e  saw 
HOW t o  u s e  common woodworking tools 

HOW t o  p r o p e r l y  u.se a box and pan brake 
HOW t o  f a s t e n  
HOW t o  record and graph  d a t a  

Materials and Equipment 
two 4" f l a n g e s  
1 0 '  i n s u l a t e d  f l e x i b l e  d u c t  o r  v e n t  h o s e  
two 4" p i p e  c lamps  
two 2" x 6" x 8 '  b o a r d s  ( c o l l e c t o r  s i d e s )  
1/2" x 24" x S '  e x t e r i o r  plywood o r  A s p e n i t e  
two 20;" x 8 '  c o r r u g a t e d  r o o f i n g  t i n  s h e e t s  ( f o r  
a b s o r b e r  p l a t e )  
1 s h e e t  1 / 2 "  i n s u l a t e d  s h e a t h i n g  ( H i - R )  
1 s h e e t  o f  22&" x 8 '  g l a z i n g  mater ia l  s u c h  as F i l o n ,  
K a . l w a l 1  ( .040"  t h i c k n e s s ) ,  o r  tempered  g l a s s  
two 1" x 6" x 24" p i n e  ( c o l l e c t o r  end  p i e c e s )  
two 1" x 2" x 21" p i n e  ( c o l l e c t o r  m i d d l e  s u p p o r t s )  
two 1" x 1" x 21" p i n e  ( c o l l e c t o r  e n d  s u p p o r t s )  
two 1" x 1 s ' '  x 88" p i n e  
t a b l e  s a w  o r  p o r t a b l e  c i r c u l a r  s a w  

3 /ST1  e l e c t r i c  d r i l l  
d r i l l  p r e s s  
m e t a l  band s a w ,  s a b r e  s a w ,  o r  e l e c t r i c  s h e a r  n 
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f l y c u t t e r  o r  h o l e  saw ( 3 "  - 4 " )  
pop r i v e t  gun 

box and  pan b r a k e  
14" x 8" screws 
b u t y l  o r  s i l i c o n e  c a u l k  
f l a t  b l a c k  p a i n t  ( I f  t h e  t i n  is  g a l v a n i z e d ,  u s e  a p a i n t  
w i t h  a z i n c - c h r o m a t e  b a s e . )  
t w o  t h e r m o m e t e r s  

1" x 88" strips t o  hold t in  down , glazing 
T 

Proced u re 

Diagram 1 Cross Section of Collector 

cor .rugated t in  

2" x 6" frame 
/ 

(set peak t o  peak) 

\ . .  . plywood ' rigid insulation 

PART 1: C o n s t r u c t i o n  

1. 

2. 

3 .  

4.  

Dado a 3 / 4 "  d e e p  k e r f  t h e  Diagram 2 End pieces 

e n t i r e  l e n g t h  o f  e a c h  2" x 
6" b o a r d .  The k e r f  s h o u l d  
b e  1 / 2 "  f rom t h e  edge .  

C u t  t h e  4 '  x 8 '  s h e e t  of 
plywood i n  h a l f  t o  o b t a i n  i 
a 2 '  x 8 '  p i e c e .  p 4"- 

Screw t h e  2" x 6 " ' s  
t o  t h e  plywood w i t h  t h e  
k e r f  e d g e  away f rom t h e  p l y -  
wood and f a c i n g  inward .  
U s e  6 screws on e a c h  s i d e .  

With a f l y c u t t e r  o r  h o l e  
s a w ,  c u t  a 4" h o l e  a t  o n e  
end  of e a c h  p i e c e .  
s h o u l d  b e  2 3 / 4 "  f rom t h e  
e d g e  and 4" from t h e  end .  
( S e e  Diagram 2 . )  

t 
2%'' 

The h o l e  1 24,,  
-̂ 3 
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5. Cut; two end s u p p o r t s  1" x 1" x 21" and  two m i d d l e  sup-  
p o r t s  1" x 2" x 21". 

.6. Nai.1 o r  screw an  end  s u p p o r t  o n t o  each  end  p i e c e ,  1/211 
f rom t h e  t o p  edge  and from t h e  e n d s .  

7. Screw one end  p i e c e  o n t o  t h e  c o l l e c t o r  f rame.  

8. Nai.l o r  screw t h e  t w o  m i d d l e  s u p p o r t s  32" from e a c h  end .  
The t o p  of  t h e  s u p p o r t s  s h o u l d  be even  w i t h  t h e  bo t tom of 
t h e  k e r f s .  

9. Caulk  a l l  seams w i t h  b u t y l  o r  s i l i c o n e  c a u l k i n g .  

10.  P a i n t  t h e  i n s i d e  of  t h e  c o l l e c t o r  f r ame  and t h e  s u p p o r t s  
w i t h  any good q u a l i t y  d a r k  p a i n t .  (You do n o t  need  t o  
p a i n t  t h e  plywood b o t t o m . )  

11. Cut t h e  1 / 2 "  i n s u l a t e d  s h e a t h i n g  i n t o  a 21" x 8 '  p i e c e .  

12 .  L a y  t h e  i n s u l a t i o n  o v e r  t h e  plywood bot tom.  

13. With a metal band s a w  o r  e l e c t r i c  s h e a r ,  c u t  two p i e c e s  
of  t i n  t o  20s" wide .  

Caution: 

1 4 .  On one  p i e c e  of t h e  t i n ,  measure  4" from each  end .  Bend 

Edges are very sharp; always wear gloves .  c 
b o t h  e n d s  s t r a i g h t  up w i t h  a box and pan b r a k e  o r  o v e r  
a p i e c e  of ha.rdwooc?. ( S e e  Diagram 3 .  ) 

n 

7- lower plate 

Diagram 3 Side-view of Absorber 

upper plate 

II 
I I 

15. W i t h  t h e  e n d s  s t r a i g h t  u p ,  cen ter  t h e  b e n t  p i e c e  of  t i n  
o v e r  t h e  unben t  p i e c e .  Pop r i v e t  t h e  t w o  p i e c e s  t o g e t h e r .  
The t i n  p i e c e s  s h o u l d  b e  p l a c e d  peak  t o  peak  so  t h a t  a n  
a i r  c h a n n e l  is  c r e a t e d .  You have now f i n i s h e d  t h e  
a b s o r b e r  p l a t e .  

16.  P a i n t  t h e  t o p  ( e n d s  s t i l l  s t r a i g h t  u p )  of  t h e  a b s o r b e r  
p l a t e  f l a t  b l a c k .  

17. P l a c e  t h e  a b s o r b e r  p l a t e  i n s i d e  t h e  c o l l e c t o r .  S e c u r e  
i t  by n a i l i n g  t h e  two 1" x 88" s t r i p s  on b o t h  s i d e s  t o  
h o l d  i t  down. 

n 
18. Cut t h e  g l a z i n g  t o  22*" wide  x 8 '  l o n g .  
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19.  Cut  t h e  l i p  o f f  .each  f l a n g e .  Mount i t  i n  t h e  h o l e  c u t  i n  
e a c h  end  p i e c e .  Use screws o r  epoxy t o  f a s t e n  t h e  f l a n g e s ,  
t h e n  c a u l k  a r o u n d  them. 

20. S l i d e  t h e  g l a z i n g  i n t o  t h e  k e r f s  and l e t  i t  rest  on t h e  
end  s u p p o r t .  

21 .  C a u l k  a l l  c o n t a c t i n g  s u r f a c e s  and  a t t a c h  t h e  s e c o n d  end 
piece s o  t h a t  t h e  f l a n g e  ex tends  on t h e  o p p o s i t e  s i d e  
f rom t h a t  o f  t h e  f i r s t  end  p i e c e .  ( S e e  Diagram 2 . )  

22. Very c a r e f u l l y  c a u l k  t h e  o u t s i d e  e d g e s  o f  t h e  g l a z i n g  t o  
i n s u r e  a w e a t h e r t i g h t  s ea l .  

23. At ' tach s e c t i o n s  o f  v e n t  h o s e  t o  e a c h  f l a n g e  w i t h  p i p e  
c l amps .  

PART 2: T e s t i n g  

1. C a r r y  t h e  c o l l e c t o r  o u t s i d e  and  p l a c e  i t  i n  an  area f r e e  
o f  s h a d e .  F a c e  t h e  c o l l e c t o r  i n t o  t h e  s u n  and  p r o p  i t  
a t  an  a n g l e  which  e q u a l s  y o u r  l a t i t u d e  p l u s  15 d e g r e e s .  
T h i s  p l acemen t  w i l l  s i m u l a t e  t h e  u s e  o f  t h e  c o l l e c t o r  f o r  
w i n t e r  h e a t i n g .  

2 .  P l a c e  o n e  the rmomete r  i n  t h e  bottom d u c t  and  t h e  o t h e r  i n  
t h e  t o p  d u c t .  Record  t e m p e r a t u r e s  e v e r y  m i n u t e  f o r  30 
m i n u t e s  i n  t h e  d a t a  t a b l e  p r o v i d e d .  

3. U s e  t h e  g r a p h  p r o v i d e d  t o  p l o t  b o t h  i n l e t  and o u t l e t  
t e m p e r a t u r e s .  B e  s u r e  t o  l a b e l  y o u r  l i n e s .  

Questions 

1. Why d i d  you u s e  f l a t  b l a c k  r a t h e r  t h a n  g l o s s y  b l a c k  p a i n t ?  

2 .  What p rob lems  d i d  you e n c o u n t e r  i n  c o n s t r u c t i n g  t h i s  
c o l l e c t o r ?  How d i d  you s o l v e  them? 

3. Why were t h e  e n d s  o f  t h e  u p p e r  p i e c e  of  t i n  b e n t  upward? 

4 .  What w a s  t h e  h i g h e s t  t e m p e r a t u r e  r e a c h e d  i n  t h e  o u t l e t  v e n t ?  
I n  t h e  i n l e t  v e n t ?  By how many d e g r e e s  d i d  t h e  c o l l e c t o r  
h e a t  t h e  c i r c u l a t i n g  a i r ?  

5. Accord ing  t o  t h e  g r a p h ,  d i d  y o u r  o u t l e t  t e m p e r a t u r e  l e v e l  
o f f ?  E x p l a i n  why o r  why n o t .  

6 .  How c o u l d  you c o n n e c t  t h i s  c o l l e c t o r  t o  y o u r  home o r  
c l a s s r o o m ?  



7. Describe how the  hot a i r  c o l l e c t o r  opera tes .  

8. What improvements could be made t o  t h i s  c o l l e c t o r  so  t h a t  
i t  performs b e t t e r ?  

Looking Back 

The c o l l e c t o r  you've j u s t  b u i l t  should funct ion very wel l  
t o  provide heated a i r .  You've discovered t h a t  t h e  temperature 
a t  t h e  top  of t h e  c o l l e c t o r  is s u b s t a n t i a l l y  higher than t h e  
temperature a t  t h e  bottom and t h a t  heated a i r  a c t u a l l y  flows 
from t h e  top vent of t h e  c o l l e c t o r .  T h i s  happens because t h e  
c o l l e c t o r  a c t s  a s  a thermosiphon, i n  which heated a i r  r i s e s  and 
leaves t h e  c o l l e c t o r ,  and cooler  a i r  flows i n  a t  t h e  bottom t o  
rep lace  i t .  

T h i s  a i r  c o l l e c t o r  can a c t u a l l y  be used t o  heat your c l a s s -  
room o r  a room of your house, but only if i t  f aces  south.  I f  
you at-tach t h e  c o l l e c t o r  t o  your house, t h e  i n l e t  can be connect- 
ed through a c e l l a r  window and t h e  o u t l e t  through a f i r s t - f l o o r  
window. Heated a i r  w i l l  then thermosiphon i n t o  t h e  room when 
the  SUI? is  s h i n i n g .  

Going Further 

Use t h e  s o l a r  demonstrator cons t ruc ted  i n  Act iv i ty  4 
t o  o r i e n t  t h e  c o l l e c t o r .  

Research and r epor t  on t h e  s i m i l a r i t i e s  and d i f f e rences  
between t h i s  c o l l e c t o r  and a commercial a i r  c o l l e c t o r .  

Construct s eve ra l  of t hese  c o l l e c t o r s  and i n s t a l l  t hem t o  
heat t h e  shop. 

V i s i t  a b u i l d i n g  i n  which an a i r  c o l l e c t o r  has been i n -  
s t a l l e d .  Report on your f i n d i n g s .  

Research and repor t  on t h e  s i m i l a r i t i e s  and d i f f e r e n c e s  
be-tween a i r  c o l l e c t o r s  and water c o l l e c t o r s ,  thermosiphon- 
i n g  and a c t i v e  c o l l e c t o r s .  Use what you learned i n  t h i s  
a c t i v i t y  t o  design and cons t ruc t  o the r  a i r  c o l l e c t o r s .  
Test them agains t  one another.  

Oetermine the  e f f i c i ency  of y o u r  c o l l e c t o r .  To do t h i s ,  
you w i l l  need t o  know the  r a t e  of i n so la t ion  ( I )  f o r  your 
l o c a l i t y  and t h e  heat  t he  c o l l e c t o r  d e l i v e r s  (Btu/minute) .  
The r a t e  of i n s o l a t i o n  can be found i n  a c l i m a t i c  a t l a s  o r  
f rom your l o c a l  weather s t a t i o n .  The heat de l ivered  can be 
found b y  

H ( B t u / m i n . )  = .075 x .25 x ( f )  x ( T  out - T i n )  

n 
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where f = t h e  f l o w  r a t e  o f  t h e  a i r ,  .075 = t h e  w e i g h t  of 
a i r  ( l b s . / c u b i c  f t . ) ,  . 2 5  = t h e  s p e c i f i c  hea t  of t h e  a i r ,  
T o u t  = t h e  o u t . l e t  t e m p e r a t u r e  of t h e  a i r  ( O F ) ,  and T i n  = 
t h e  i n l e t  t e i x p e r a t u r e  of  t h e  a i r  ( O F ) .  A Dwyer vaneomete r  
m e a s u r e s  t h e  f l o w  r a t e  and c a n  be found  i n  most p h y s i c s  
l a b s .  The  e f f i c i e n c y  of t h e  c o l l e c t o r  can  t h e n  be found  
by 

E f f i c i e n c y  = - H 
I 
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(min.) 

1 

2 
3 
4 

5 
6 

7 

8 
9 

10 

11 
12 
13 

14 

15 

- 

Data Table 

‘I 

25 

28 

27 

28 

29 

30 

Temperature 

(“F) 

I4C 

13C 

120 

i i a  

1oc 

9c 

BC 

7c 

M 

5c 

dC 

Y 

20 

10 

c 

n 

Graph 

Time (minutes) 



Teacher I n f o rmat i on 
AThermosiphoning Col lector 

Suggested Grade Level and Skill Area 

7-12 Industrial Arts 
Woodworking 
Metalworking 
General Shop 
Energy Technology 

Skill Objectives 

Constructing a thermosiphoning collector, using various 
woodworking and metalworking tools 

Recording, graphing, and interpreting data 

Evaluating the performance of an air collector 
to suggest improvements in design 

Content Objectives 

A solar collector has four basic parts: glazing, absorber, 
insulation, and transfer medium. 

An air collector can easily be constructed and will de- 
liver a significant amount of heat. 

An air collector can operate by thermosiphoning. 

An air collector has certain advantages over a water 
collector. 

An air collector should be oriented to face the sun at an 
angle of latitude plus 15" for winter heating. 

Background 
A solar collector must perform several functions. First, the glaz- 

ing or cover on the collector causes heat to build up in the collector in 
what is known as the "greenhouse effect". 
tion is changed to long-wave radiation as it is absorbed and reradiated by 
the absorber. Long-wave radiation, however, cannot pass out through the 

Incoming short-wave solar radia- 

short-wave radiation \ 

Diagram 4 

absorber 

frame 
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g l a z i n g  and bounces r e p e a t e d l y  between t h e  g l a z i n g  and a b s o r b e r  p l a t e ,  
g r a d u a l l y  b e i n g  absorbed by t h e  t r a n s f e r  f l u i d .  

A t  t h i s  p o i n t  t h e  a b s o r b e r  p l a t e  f u n c t i o n s  as a h e a t  exchanger ,  
t r a n s m i t t i n g  t h e  h e a t  gained from s o l a r  r a d i a t i o n  t o  t h e  f l u i d  i n  t h e  
channe l s  of t h e  a b s o r b e r .  T h i s  f l u i d ,  e i t h e r  a i r  o r  w a t e r ,  i s  c i r c u l a t e d  
by means of a s m a l l  pump o r  f a n  o r  by thermosiphoning.  But f o r  a thermo- 
s iphon  t o  work, t h e  s t o r a g e  o r  area t o  be  h e a t e d  must be  h i g h e r  t h a n  t h e  
c o l l e c t o r .  

C o l l e c t o r s  can be  damaged i n  several ways. I n  a n o r t h e r n  climate, 
f r e e z i n g  t empera tu res  pose a major t h r e a t  t o  c o l l e c t o r s .  
c o l l e c t o r  t h i s  is  n o t  a problem, b u t  w i t h  water, f r e e z i n g  could r u i n  t h e  
system. 
used ,  o r  else t h e  c o l l e c t o r  i s  des igned  t o  d r a i n  back i n t o  t h e  s t o r a g e  
t a n k  a t  s u b f r e e z i n g  t empera tu res .  

With a n  a i r  

To p r e v e n t  t h i s  a n  a n t i f r e e z e  s o l u t i o n  such  a s  e t h y l e n e  g l y c o l  i s  

Overhea t ing  can a l s o  damage a c o l l e c t o r .  Many materials, such  as 
t h e  g l a z i n g ,  c a u l k ,  and p a i n t ,  may d e t e r i o r a t e  q u i c k l y  a t  t empera tu res  ove r  
100°C. These t e m p e r a t u r e s  are r a p i d l y  reached i n  t h e  summer i f  no f l u i d  i s  
c i r c u l a t i n g  through t h e  c o l l e c t o r .  
by c o v e r i n g  t h e  c o l l e c t o r  i n  t h e  summer o r  dumping t h e  waste h e a t .  
i n g ,  s e p a r a t i o n ,  and warping of t h e  c o l l e c t o r  can a l s o  occur  due t o  ex- 
p a n s i o n  o f  materials. 
g l a z i n g .  

S t a g n a t i o n  t empera tu res  can b e  p reven ted  
Crack- 

T h i s  must always be al lowed f o r ,  e s p e c i a l l y  w i t h  t h e  

Advance Planning 

A l l  materials, w i t h  t h e  e x c e p t i o n  of t h e  g l a z i n g ,  are a v a i l a b l e  i n  
l o c a l  lumber y a r d s .  

I f  a l l  t h e  m a t e r i a l s  d e s c r i b e d  i n  t h e  s t u d e n t  s e c t i o n  are purchased ,  
t h e  c o l l e c t o r  w i l l  c o s t  $40-$50. With some sc roung ing  and u s e  of 
s c r a p  m a t e r i a l s , t h i s  c o s t  can e a s i l y  be reduced.  

Suggested Time Allotment 

1.2-15 class p e r i o d s  

Suggested Approach 

Have s t u d e n t s  s tar t  c o n s t r u c t i n g  t h e  c o l l e c t o r  b e f o r e  a u n i t  on active 
s o l a r  systems.  
of a c o l l e c t o r  and i n t e r e s t e d  i n  i t s  performance when t h i s  t o p i c  is  
covered.  The c o l l e c t o r  can then  be used a s  a model i n  e v a l u a t i n g  
c o l l e c t o r  performance. 

I n  t h i s  way s t u d e n t s  w i l l  be  f a m i l i a r  w i t h  t h e  p a r t s  

Try t o  hook t h e  c o l l e c t o r  up t o  a c t u a l l y  h e a t  a room. 
be impressed w i t h  t h e  r e s u l t s .  

S t u d e n t s  w i l l  

n 
W i t h  j u n i o r  h i g h  s t u d e n t s ,  t h i s  a c t i v i t y  can be r u n  as a c lass  
p r o j e c t  . 



Precautions 

Students  shouZd never look directZy a t  the  sun. 

Students  shouZd never hold t h e i r  hands near the  o u t l e t  o f  a water 
colZector  or  touch the  absorber pZate of m y  co l l ec tor .  
high temperatures can occur. 

Very 

Caution s tudents  t o  be especiaZZy care fu l  o f  sharp, ragged edges 
of t i n .  

I f  t he  coZlector  is actuuZly hooked up f o r  use i n  a classroom or 
home, make sure t o  prevent the  reverse themosiphoning which can 
occur when the  sun i s  not  shining. 
t he  top  of the  outZet  ven t  is a simpZe w a y  to adapt t he  coZZector. 

A shee t  of pZas t ic  taped a t  

Poi n t s  for Discuss ion 

What amount o f  space  do you t h i n k  a c o l l e c t o r  w i l l  h e a t ?  

How can  a c o l l e c t o r  be  p l aced  t o  p u l l  w a r m  a i r  o u t  of  a room and 
draw c o o l  a i r  i n t o  i t ?  Discuss  p a s s i v e  c o o l i n g .  

What are t h e  advantages  and d i sadvan tages  of water c o l l e c t o r s  as 
compared t o  a i r  c o l l e c t o r s ?  

What improvements could  be made i n  t h i s  c o l l e c t o r ?  

What are t h e  advantages  and d i sadvan tages  of  a thermosiphoning  
sys tem as  compared t o  an a c t i v e  system? 

Typical Results 

Even on s l i g h t l y  overcast days o r  i n  l a t e  af ternoon a minimum of  a 
3OoC t empera tu re  i n c r e a s e  can be expec ted .  

The c o l l e c t o r  w i l l  h e a t  a 10' x 1 2 '  room on a sunny, s u b f r e e z i n g  day. 

Eva1 u at i o n 

The concep t s  i nvo lved  i n  t h i s  a c t i v i t y  are a s  impor t an t  as t h e  con- 
s t r u c t i o n  i t s e l f .  The re fo re ,  unde r s t and ing  of  t h e  sys tem shou ld  
weigh as h e a v i l y  i n  e v a l u a t i o n  as t h e  appearance  and performance of 
t h e  c o l l e c t o r .  

I n  e v a l u a t i n g  t h e  c o l l e c t o r  i t s e l f ,  check f o r  appearance ,  t i g h t n e s s ,  
c a u l k i n g ,  evenness  of  a i r  c h a n n e l s ,  and performance.  

Check s t u d e n t s '  answers t o  q u e s t i o n s ,  a s  well as t h e i r  t a b l e s  a n d  
g raphs ,  f o r  accuracy  and comple teness .  
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Modifications 
Any material which has numerous air channels can be used in place 
of the tin. 

The collector can be mounted vertically on a south wall or on 
a self-supporting stand. 

Surplus tempered-glass panes can be used in place of more ex- 
pensive glazing as long as the panes will extend across the width 
of the collector. Several panes can be slid into the kerfs, then 
sealed at the joints with caulk o r  tape. 
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A 
in 0 

I n  t h i s  a c t i v i t y  y o u ' l l  b u i l d  a model o f  a t y p i c a l  s o l a r  
h o t  water s y s t e m .  I t  w i l l  c o n t a i n  t h e  same p a r t s  as an 
a c t u a l  s y s t e m :  a c o l l e c t o r  t o  a b s o r b  and t r a p  t h e  s u n ' s  
e n e r g y  as h e a t ,  p i p e s  o r  h o s e s  t o  t r a n s f e r  t h i s  h e a t  e n e r g y ,  
and  a t a n k  t o  s to re  t h e  e n e r g y .  Y o u ' l l  a l s o  compare y o u r  
model w i t h  d i f f e r e n t  v e r s i o n s  made by o t h e r  s t u d e n t s  i n  y o u r  
c lass .  Which c o l l e c t o r  model is  g o i n g  t o  f u n c t i o n  b e s t  t o  
c o l l e c t  h e a t  e n e r g y ?  
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0 bjectives 
At; t h e  c o m p l e t i o n  o f  t h i s  a c t i v i t y ,  you s h o u l d  be  a b l e  

t o  

o c o n s t r u c t  a s o l a r  c o l l e c t o r  s y s t e m  t o  h e a t  w a t e r ,  
o name and d e s c r i b e  t h e  f u n c t i o n  of each  p a r t  o f  a 

o d e t e r m i n e  t h e  amount of  h e a t  ( i n  B t u )  abso rbed  from 

o d e t e r m i n e  t h e  combina t ion  of c o l l e c t o r  m a t e r i a l s  

s o l a r  c o l l e c t o r ,  

t h e  sun p e r  s q u a r e  f o o t  of c o l l e c t o r ,  and 

which p r o d u c e s  t h e  most h e a t  p e r  s q u a r e  f o o t  of  
a b s o r b e r  p l a t e  s u r f a c e .  

Skills arid Knowledge You Need 
Reading  a the rmomete r  and a wa tch  o r  o t h e r  t i m i n g  
d e v i c e  
Using  m e a s u r i n g  equ ipmen t  
Operating a pocket c a l c u l a t o r  

Materials and Equipment 
P l a s t i c  s t o r a g e  t o t e  t r a y  
G l a z i n g  c o v e r  
D i f f e r e n t  k i n d s  of i n s u l a t i o n ,  s u c h  as f i b e r g l a s s  o r  
S t y r o f o a m  
S h e e t  s t e e l  o r  o t h e r  metal t o  u s e  as a n  a b s o r b e r  p l a t e  

S c r a p  c o p p e r  t u b i n g ,  1 / 4 "  O . D .  
2 p i e c e s  of  r u b b e r  h o s e ,  1 / 4 "  I . D .  
A 1 g a l l o n  t h i n n e r  o r  d i t t o  f l u i d  c o n t a i n e r  
Acid c o r e  s o l d e r  
F l a t  b l a c k  s p r a y  p a i n t  
Suppor t  p o s t  
Thermometer i n  a o n e - h o l e  r u b b e r  s t o p p e r  
P ropane  t o r c h  
S h e e t  m e t a l  c u t t i n g  equipment  

Proced ui re 
1. Ask your  i n s t r u c t o r  f o r  a p l a s t i c  t o t e  t r a y  and a g l a z i n g  

c o v e r .  

n 

n 
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2 .  

3 .  

4 .  

5. 

6 .  

7 .  

8. 

9 .  

1 0 .  

P l a c e  one  k i n d  o f  i n s u l a t i n g  
ma te r i a l  i n  t h e  bo t tom of  
t h e  t r a y .  

Cu t  a p i e c e  o f  shee t  s t ee l  
t o  f i t  i n t o  t h e  t r a y .  

Bend t h e  c o p p e r  t u b i n g  i n t o  
a n  "S" s h a p e .  T h i s  can b e  
done by hand o r  t h e  t u b i n g  
c a n  b e  b e n t  a round  a p a t t e r n  
made from s c r a p  wood. 
(Diagram 2 .  ) 

S o l d e r  o r  g l u e  t h e  c o p p e r  
t u b i n g  t o  t h e  s h e e t  s t e e l  
a b s o r b e r  p l a t e  as  shown i n  
Diagram 3 .  I f  t h e  t u b i n g  
is s o l d e r e d ,  c lean  a n y  
e x c e s s  f l u x  from t h e  p l a t e  
a f t e r  s o l d e r i n g .  

Sp ray  t h e  a b s o r b e r  p l a t e  
w i t h  f l a t  b l a c k  p a i n t .  
L e t  d r y .  

P l a c e  t h e  a b s o r b e r  p l a t e  
i n  t h e  p l a s t i c  t r a y .  
D e t e r m i n e  t h e  l o c a t i o n  o f  
and d r i l l  two h o l e s  i n  t h e  
s i d e  o f  t h e  t r a y  t h r o u g h  
which t h e  r u b b e r  h o s e s  w i l l  
b e  c o n n e c t e d  t o  t h e  c o p p e r  
t u b i n g  . 
Connect  t h e  r u b b e r  h o s e s  t o  
t h e  e n d s  o f  t h e  c o p p e r  
t u b i n g .  

Cut two s h o r t  l e n g t h s  of  
coppe r  t u b i n g .  Drill a h o l e  
i n  t h e  lower r i g h t  s i d e  and  
i n  t h e  upper l e f t  s i d e  o f  
t h e  1 g a l l o n  c a n .  ( S e e  
Diagram 1 . )  The h o l e s  s h o u l d  
be  s i z e d  s o  t h a t  t h e  c o p p e r  
t u b i n g  f i t s  s n u g l y  i n t o  t h e m .  
S o l d e r  t h e  t u b i n g  p i e c e s  t o  
t he  h o l e s .  T h e s e  w i l l  ac t  
as h o s e  c o n n e c t o r s .  

support Tp- 

i ! i  ,--L. hose connector 

cppper tubing 1 1  I \\ 

a 
tray 

\ 

\ absorber plate 
Diagram 1 

c 
bending pattern 

copper tubing 

Diagram 2 

A t t a c h  t h e  lower  h o s e  o f  t h e  
c o l l e c t o r  t o  t h e  lower  con- 
n e c t i o n  on t h e  g a l l o n  can and 
t h e  u p p e r  h o s e  t o  t h e  u p p e r  
c o n n e c t i o n .  Diagram 3 Completed Absorber Plate 

, absoi 

3 

S-shaped copper t 

rber 

ubing 
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I 

11. P u t  t h e  g l a z i n g  cover on t h e  co l l ec to r  and  t a k e  t h e  e n t i r e  
a p p a r a t u s  o u t s i d e .  A i m  y o u r  s o l a r  c o l l e c t o r  a t  t h e  s u n  
by l e a n i n g  i t  a g a i n s t  a s u p p o r t  p o s t  d r i v e n  i n t o  t h e  
g round .  

1 2 .  A t t a c h  t h e  g a l l o n  c a n  s torage  t a n k  t o  t h e  s u p p o r t  
post  above  t h e  co l l ec to r .  ( S e e  Diagram 1.) 

13. F i l l  t h e  s torage  t a n k  w i t h  e x a c t l y  o n e  g a l l o n  of 
water. P l a c e  t h e  r u b b e r  s t o p p e r  c o n t a i n i n g  t h e  
the rmomete r  i n t o  t h e  o p e n i n g  of t h e  c a n .  Make s u r e  
t h e  the rmomete r  b u l b  i s  i n  t h e  water. Read and  t h e n  
r e c o r d  i n  t h e  d a t a  t a b l e  t h e  b e g i n n i n g  t e m p e r a t u r e  of 
t h e  water  . 

1 4 .  C o n t i n u e  t o  recorc i  the  t e m p e r a t u r e  e v e r y  15 m i n u t e s  
o v e r  t h e  c o u r s e  o f  t h e  t e s t  p e r i o d  o r  u n t i l  t h e  
t erriper a t  u r  e s t o p s  r is i n  g . 

15. P l a t  t h e  d a t a ,  t e m p e r a t u r e  v s .  t i m e ,  on t h e  g r a p h .  
Compare y o u r  r e s u l t s  t o  t h e  r e s u l t s  of s t u d e n t s  who 
u s e d  o t h e r  ma te r i a l s  i n  t h e i r  c o l l e c t o r s .  

16.  De te rmine  t h e  i n c r e a s e  i n  t h e  t e m p e r a t u r e  of t h e  w a t e r  
( A ? ' )  f rom t h e  b e g i n n i n g  u n t i l  t h e  e n d  o f  t h e  t e s t .  

T ( e n d )  - T ( b e g i n n i n g )  = A T  

1 7 .  C a l c u l a t e  t h e  t o t a l  amount o f  h e a t  c o l l e c t e d  i n  B t u .  
M u l t i p l y  t h e  mass o f  t h e  water  by t h e  t e m p e r a t u r e  
chamge. The mass o f  1 g a l l o n  o f  water  equa l s  8 . 3  l b s .  

H e a t ( B t u )  = 8 . 3  x AT 

18. Det .ermine t h e  s u r f a c e  a rea  o f  y o u r  absorber p l a t e  by  
m u l . t i p l y i n g  i t s  l e n g t h  i n  f e e t  by  i t s  w i d t h  i n  f e e t .  

A r e a ( s q .  f t .  ) = l e n g t h  x w i d t h  

19 .  D e t e r n i n e  t h e  r e l a t i v e  e f f i c i e n c y  of t h e  h e a t  c o l l e c t e d  
i n  B t u  per s q u a r e  f o o t  of absorber p l a t e .  To do  t h i s ,  
d i v i d e  t h e  B t u  c o l l e c t e d  by t h e  number o f  s q u a r e  f e e t  
of a b s o r b e r  p l a t e .  

B t u  c o l l e c t e d  
s q . f t .  o f  absorber  p l a t e  E f f i c i e n c y ( B t u / s q .  f t .  ) = 

n 
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Questions 
1. 

2 .  

3. 

4.  

5. 

6 .  

7 .  

8 .  

What a r e  the  p a r t s  of a s o l a r  c o l l e c t o r ?  Exp1ai.n 
the  funct ion of each p a r t .  

What kind o f ' g l a z i n g  and in su la t ion  d i d  your col-  
l e c t o r  use? 

Why is i t  necessary t o  use in su la t ion  i n  a s o l a r  
c o l l e c t o r ?  

How much heat  ( i n  B t u )  was absorbed by your c o l l e c t o r ?  

What was the  Btu /sq . foot  value for your absorber 
p l a t e ?  

How did  t h i s  compare w i t h  t h e  values  co l l ec t ed  by 
o the r  s tuden t s?  

Why were these  values d i f f e r e n t  f o r  d i f f e r e n t  
c o l l e c t o r s ?  

O f  those ma te r i a l s  used  i n  t h i s  a c t i v i t y ,  which 
combination of g laz ing  and i n s u l a t i n g  m a t e r i a l s  
would you recommend for a s o l a r  c o l l e c t o r ?  
Explain why.  

r 

Looking Back 
How well  d i d  your own model c o l l e c t o r  work? Which s t u d e n t  

model functioned t h e  b e s t ?  By now you should know t h a t  t h e  
bes t  model trapped t h e  g r e a t e s t  amount of heat  energy p e r  square 
foot of absorber su r face .  I t  d id  s o  because i t  contained the  
bes t  combination of glazing and i n s u l a t i n g  m a t e r i a l s .  

Water c a n  i n d e e d  be e a s i l y  heated b y  t h e  s u n .  A l l  i t  t akes  
is  a properly constructed s o l a r  c o l l e c t o r ,  w i t h  g laz ing  t o  
t ransmit  s o l a r  energy, an absorber p l a t e  t o  absorb t h e  energy 
and change i t  t o  h e a t ,  and i n s u l a t i o n  t o  contain t h e  h e a t .  
Since t h e  absorber p l a t e  is i n  contact  w i t h  t h e  water ,  i t  
t r a n s f e r s  t he  heat energy t o  t h e  water ,  and hot water rises t o  
be s t o r e d  i n  the  tank.  

Going Further 
dhat e f f e c t  does t h e  angle  a t  which a c o l l e c t o r  f aces  
t h e  s u n  have on t h e  temperature a t t a i n e d ?  T r y  d i f f e r e n t  
angles  of o r i e n t a t i o n  t o  the  s u n  and record t h e  r e s u l t s  
ob ta ined .  

What e f f e c t  would sub-freezing temperatures outdoors 
have on temperatures a t t a i n e d ?  Would s o l a r  c o l l e c t o r s  
be p r a c t i c a l  i n  colder  c l imates?  
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How do w i n d  o r  c l o u d  c o v e r  a f f e c t  t h e  c o l l e c t o r ' s  
p e r f o r m a n c e ?  

t I 

H o w  would chang ing  t h e  c o l o r  of t h e  a b s o r b e r  p l a t e  
a f f e c t  t h e  ene rgy  c o l l e c t e d ?  

Conver t  t h i s  t h e r m o s i p h o n i n g  s y s t e m  i n t o  an a c t i v e  
s y s t e m  by a d d i n g  a pump. R e c a l c u l a t e  e f f i c i e n c y  t o  
s e e  how i t  is  a f f e c t e d .  

Des ign  and c o n s t r u c t  a s o l a r  h o t  water s y s t e m  t o  p r o v i d e  
h o t  w a t e r  f o r  your  c l a s s r o o m .  

n 
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Teacher Information 

A Solar WaterHeater in aToteTray 

Suggested Grade Level and Skill Area 
J u n i o r  High I n d u s t r i a l  A r t s  
Metalworking 
Power 
P l a s t i c s  
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Skill Objectives 
Using s h e e t  metal equipment ,  a t u b i n g  c u t t e r ,  a thermometer ,  and 
some b a s i c  hand t o o l s  

S o f t  s o l d e r i n g  u s i n g  a propane t o r c h  

Recording and g raph ing  d a t a  

C o n s t r u c t i n g  a model s o l a r  h o t  water sys t em from i n e x p e n s i v e  and 
eas i ly  a v a i l a b l e  materials 

Content Objectives 
A s o l a r  h o t  water sys tem c o n s i s t s  o f  a s o l a r  c o l l e c t o r ( s ) ,  t r a n s f e r  
p i p e s ,  and a s t o r a g e  t ank .  

A s o l a r  c o l l e c t o r  h a s  f i v e  b a s i c  p a r t s .  (These are d e s c r i b e d  i n  t h e  
Background In fo rma t ion .  ) 

The re la t ive  e f f i c i e n c y  of one  s o l a r  c o l l e c t o r  as compared t o  an- 
o t h e r  can  be  de te rmined  by t h e  amount of h e a t  c o l l e c t e d  i n  B t u f s q .  
f o o t f u n i t  o f  t i m e .  

Relative e f f i c i e n c y  can be measured by 

mass o f  water hea ted (we igh t )  x ( T ( f i n a 1 )  - T(beg inn ing) )  
sq. f t .  o f  a b s o r b e r  s u r f a c e  

The e f f i c i e n c y  of  a so la r  c o l l e c t o r  w i l l  depend,  i n  p a r t ,  on t h e  
i n s u l a t i n g  and g l a z i n g  materials used i n  i t s  c o n s t r u c t i o n .  

Background 
A t y p i c a l  s o l a r  domest ic  h o t  water sys t em c o n s i s t s  of  a s o l a r  c o l l e c t o r ,  

t r a n s f e r  p i p e s ,  and a s t o r a g e  t a n k  t o  c o n t a i n  t h e  h o t  water u n t i l  i t ' s  
needed f o r  u se .  

The c o l l e c t o r  i t s e l f  h a s  f i v e  b a s i c  p a r t s .  One major  p a r t  of t h e  
c o l l e c t o r  i s  a c o v e r i n g  material ,  c a l l e d  g l a z i n g ,  which t r a n s m i t s  as much 
s o l a r  energy  as p o s s i b l e .  
t h e  c o l l e c t o r .  The g l a z i n g  shou ld  be a b l e  t o  w i t h s t a n d  h i g h  t e m p e r a t u r e s  

Its purpose  i s  t o  t r a n s m i t  t h e  s u n ' s  energy  i n t o  
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w i t h o u t  decomposing o r  m e l t i n g ,  and i t  must be  a b l e  t o  w i t h s t a n d  impact  
from o b j e c t s  t h a t  might  f a l l  on i t .  

weather stripping Another  p a r t  of any 
s o l a r  c o l l e c t o r  i s  a 1, 
p l a t e  which abso rbs  t h e  
energy  t r a n s m i t t e d  by 
t h e  g l a z i n g  and c o n v e r t s  
i t  t o  h e a t .  The a b s o r b e r  
p l a t e  i s  u s u a l l y  coa ted  
w i t h  a d a r k  c o l o r e d  
material t h a t  i n c r e a s e s  
t h e  absorbance  of t h e  
s o l a r  energy .  The a b s o r b e r  
p l a t e  and i t s  c o a t i n g  must b e  a b l e  t o  w i t h s t a n d  h i g h  t empera tu res  wi th-  

Diagram 4 Cross Section of Solar Collector 

o u t  v a p o r i z i n g  o r  o t h e r w i s e  b reak ing  down. 
made from copper  o r  aluminum b u t  o t h e r  mater ia l s  may be  s u i t a b l e .  

The a b s o r b e r  p l a t e  i s  o f t e n  

A t h i r d  p a r t  o f  t h e  c o l l e c t o r ,  t h e  c o l l e c t o r  box, houses  t h e  v a r i o u s  
p a r t s  o f  t:he c o l l e c t o r .  
wood, f i b e r g l a s s ,  o r  s t e e l .  It  must be s t u r d y  and a b l e  t o  w i t h s t a n d  
t empera tu re  ex t remes .  

It can be  made from materials such  as aluminum, 

A f o u r t h  p a r t  o f  t h e  c o l l e c t o r  i s  t h e  i n s u l a t i o n  t h a t  su r rounds  f i v e  
s i d e s  o f  t:he c o l l e c t o r  box. Conduct ion l o s s e s  of  h e a t  energy  are s u b s t a n t i a l  
u n l e s s  t h e  c o l l e c t o r  box i s  w e l l  i n s u l a t e d .  F i b e r g l a s s  i s  commonly used 
f o r  t h i s  purpose .  

The f i f t h  p a r t  o f  t h e  c o l l e c t o r  i s  e i t h e r  a i r  o r  a l i q u i d .  It i s  

I f  water i s  used as t h e  
used  t o  t r a n s f e r  t h e  h e a t  energy  t o  a sys t em t h a t  d i s t r i b u t e s  i t  t o  t h e  
s p a c e  t o  b e  h e a t e d  o r  t o  a s t o r a g e  s u b s t a n c e .  
medium i n  co ld  c l imates ,  i t  i s  o f t e n  mixed w i t h  an  a n t i f r e e z e .  

The model sys tem c o n s t r u c t e d  i n  t h i s  a c t i v i t y  h a s  no pumps o r  mechanica l  
d e v i c e s  t o  c i r c u l a t e  t h e  water. I n s t e a d ,  i t  o p e r a t e s  on t h e  thermosiphoning  
p r i n c i p l e ,  i n  which a f l u i d ,  such  as water,  expands ,  becomes less dense ,  and 
rises as  i t  i s  h e a t e d ,  w i t h  c o l d e r ,  more dense  f l u i d  f lowing  downward t o  re- 
p l a c e  i t .  I n  t h i s  sys tem t h e  h e a t e d  water rises i n t o  t h e  t o p  of  t h e  s t o r a g e  
t a n k  and c o o l e r  water f lows  down from t h e  bot tom o f  t h e  t a n k  t o  b e  h e a t e d  
i t s e l f  i n  
common i n  
d i s p l a c e d  

Advance 

t h e  c o l l e c t o r .  Thermosiphoning h o t  water sys tems were once  
t h e  s o u t h  and sou thwes t ,  6 u t  a f t e r  World War 11, cheap f o s s i l  f u e l s  
them. Thermosiphoning sys tems remain common i n  Israel  and Japan .  

Planning 
P l a s t i c  t o t e  t r a y s  commonly found i n  i n d u s t r i a l  a r t s  s t o r a g e  c a b i n e t s  
can  be  used as c o l l e c t o r  boxes.  Should t h e s e  t r a y s  be  u n a v a i l a b l e ,  
a lmos t  any o t h e r  t y p e  of f l a t  c o n t a i n e r  might  b e  adapted  o r  b u i l t .  

P repa re  g l a z i n g  cove r s  f o r  t h e  c o l l e c t o r  t r a y s  ahead of t i m e .  
can  be  made w i t h  a wooden frame ( s e e  Diagram 4 )  and can  i n c o r p o r a t e  
a.lmoat any t y p e  of  g l a z i n g  mater ia l ,  i n c l u d i n g  p o l y e t h y l e n e  f i l m ,  
K a l w a 1 1 ,  Ted la r .  Glass  i s  n o t  recommended f o r  s t u d e n t  use .  

These 

n 

n 



S e v e r a l  weeks b e f o r e  t h e  a c t i v i t y  i s  p lanned ,  have s t u d e n t s  s ta r t  
b r i n g i n g  i n  s c r a p  i n s u l a t i n g ,  g l a z i n g ,  and a b s o r b e r  p l a t e  materials 
t o  supplement  t h e  teacher -provided  materials.  

C o l l e c t  one-ga l lon  t h i n n e r  o r  d i t t o  f l u i d  c o n t a i n e r s .  

Select  l - h o l e  rubbe r  s t o p p e r s  t o  f i t  t h e  openings  of  t h e  g a l l o n  cans .  
I n s e r t  t h e  thermometers  i n t o  t h e  one-holed s t o p p e r s  b e f o r e  t h e  
a c t i v i t y  b e g i n s .  G lyce r in  can  be used t o  make t h i s  p rocedure  easier. 
S t u d e n t s  shou ld  n o t  a t t e m p t  t h i s  p rocedure  as thermometers  are f r a g i l e .  

Suggested Time Allotment 
Two weeks t o  c o n s t r u c t  t h e  c o l l e c t o r s  

Two o r  t h r e e  days f o r  c o l l e c t i o n  and i n t e r p r e t a t i o n  o f  d a t a  

Suggested Approach 
S t u d e n t s  can work on a c o l l e c t o r  e i t h e r  i n d i v i d u a l l y  o r  i n  groups 
of  2 o r  3 .  

P r e s e n t  t h e  s t u d e n t s  w i t h  a d e s i g n  problem: 

Using a t o t e  t r a y ,  d e s i g n ,  b u i l d ,  and t e s t  a non-concen t r a t ing  
s o l a r  c o l l e c t o r  c a p a b l e  of  a b s o r b i n g  s o l a r  r a d i a t i o n  and con- 
v e r t i n g  i t  i n t o  h e a t  energy  i n  t h e  form of  h o t  water. Attempt 
t o  produce t h e  most e f f i c i e n t  c o l l e c t o r  i n  your  c lass .  

Have each  group sc rounge  f o r  s c r a p  i n s u l a t i n g ,  g l a z i n g ,  and a b s o r b e r  
p l a t e  materials t o  use  i n  i t s  c o l l e c t o r .  

It w i l l  b e  n e c e s s a r y  t o  t e a c h  s t u d e n t s  t h e  s k i l l s  and s a f e  work 
h a b i t s  r e q u i r e d  f o r  t h e  equipment and t o o l s  used.  

I f  p o s s i b l e ,  have each  group c o l l e c t  d a t a  under  t h e  s a m e  env i ronmen ta l  
c o n d i t i o n s .  Th i s  w i l l  l i m i t  t h e  number of v a r i a b l e s .  

Should working o u t s i d e  prove  t o  be  a problem, u s e  a f l o o d  l i g h t  f o r  
t e s t i n g .  

w 
% 

Precautions 
Dangers to students  include 

Sharp metal edges: use f i l e s  and Lzbrasives t o  remove them. 
SoZdering: allow materials  t o  cool and then r i n s e  w i t h  water. 
This  w i l l  aZso remove any traces  of acid f l u x .  
Equipment and t o o l s :  
and supervise s tudents  carefulZy.  

provide adequate i n s t r u c t i o n  in s a f e t y  

GZazing: glass  is not recommended for student  use. Use other  
glaaings which are eas i e r  t o  work w i th .  
Fiberglass i n s u l a t i o n :  always wear gloves when handling. 
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The water storage container must be located above the  coZZector for  
themosiphoning t o  occur. 

A l l  temperature readings should be taken a t  the  same locat ion  i n  
the  storage can. - 

Points for Discussion 
How might a s o l a r  c o l l e c t o r  be o r i e n t e d  f o r  year-round o p e r a t i o n ?  

How might a s o l a r  c o l l e c t o r  o p e r a t e  i n  s u b - f r e e z i n g  c o n d i t i o n s ?  

How nught  t h e  s o l a r  c o l l e c t i o n  sys t em be made more e f f i c i e n t ?  

How c:ould t h e  model system be  adap ted  t o  produce an a c t i v e  s o l a r  
h e a t i n g  system? 

Typical Results 
The d i f f e r e n t  combinat ions of  i n s u l a t i o n  and g l a z i n g  used w i l l  c ause  
r e s u l t s  t o  vary.  

Higher R-value and l a r g e r  amounts o f  i n s u l a t i o n  w i l l  i n c r e a s e  t h e  
performance of  a c o l l e c t o r .  

Higher t r a n s m i t t a n c e  g l a z i n g s  w i l l  i n c r e a s e  c o l l e c t o r  performance.  

Eva1 u at i o ti 
The c:onstruct ion of t h e  s o l a r  c o l l e c t o r  may be  e v a l u a t e d  by examining 
t h e  q u a l i t y  of workmanship. 

The o p e r a t i o n  of t h e  c o l l e c t o r  may be  e v a l u a t e d  by comparing, under 
t h e  same environmental  c o n d i t i o n s ,  i t s  e f f i c i e n c y  w i t h  t h a t  of  o t h e r  
c o l l e c t o r s .  

Mod i f i cat i o n s 
Subs t : i tu te  o t h e r  c o n t a i n e r s  and o t h e r  a b s o r b e r  p l a t e  m a t e r i a l s  when 
ne ce E; s a r y  . 
M a t e r i a l s  o t h e r  t h a n  copper  may be  used f o r  t h e  a b s o r b e r  t u b e s .  P l a s t i c  
t u b i n g  and r e f r i g e r a t o r  c o i l s  are good p o s s i b i l i t i e s .  

S i n c e  t h e  metals i n  t h e  d i t t o  o r  t h i n n e r  cans  a r e  r a d i a t o r s  of h e a t  
ene rgy ,  i t  i s  a good i d e a  t o  i n s u l a t e  t h e  s t o r a g e  t a n k s  whenever p o s s i b l e .  
Gluing Styrofoam board o n t o  them o r  wrapping them w i t h  f l e x i b l e  
i n s u l - a t i o n  such as t h a t  des igned  f o r  w a t e r  h e a t e r s  w i l l  produce b e t t e r  
r e s u l - t s .  

n 

Add a pump and conve r t  t h e  system i n t o  an a c t i v e  one. 
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I nt rod uction 

' , l ina n a c h i n e s  were common i n  t h e  American c o u n t r y s i d e  u n t i l  
j u s t  a few d e c a d e s  ago. P e r h a p s  y o u ' v e  s e e n  some o f  t h e s e  wind- 
m i l l s ,  r u s t i n g  away on t h e  f a rms  and r a n c h e s  where  t h e y  o n c e  
pumped w a t e r .  But t o d a y  t h e r e  is  renewed i n t e r e s t  i n  wind  
e n e r g y  b e c a u s e  o f  t h e  l a r g e  p r i c e  i n c r e a s e s  i n  t h e  o n c e  "cheap" 
f o s s i l  f u e l s  which r e p l a c e d  o u r  o l d  w i n d m i l l s .  

T o d a y ' s  wind mach ines  a r e  d i f f e r e n t ,  t h o u g h ,  f rom t h o s e  o f  
t h e  p a s t .  T h e  t r a d i t i o n a l  w i n d m i l l s  o p e r a t e d  a t  s low s p e e d s ,  
ab le  t o  p e r f o r m  o n l y  m e c h a n i c a l  work.  The new machines  a re  de- 
s i g n e d  t o  t u r n  a t  h i g h e r  s p e e d s ,  f a s t  enougdi t o  d r i v e  an elec- 
t r i c a l  g l ene ra to r  and  p r o d u c e  e l e c t r i c i t y .  A wind  e l e c t r i c  
s y s t e m  c o n s i s t s  o f  f o u r  b a s i c  p a r t s :  

a p r o p e l l e r  (or r o t o r )  t o  " c a t c h "  t h e  w i n d ,  
a g e n e r a t o r  t o  p r o d u c e  e l e c t r i c  c u r r e n t ,  
a means of  c o n t r o l l i n g  t h e  o u t p u t  o f  c u r r e n t ,  and 
a means o f  s t o r a g e .  

I n  t h i s  a c t i v i t y  you w i l l  u s e  a b i c y c l e  w h e e l  t o  c o n s t r u c t  
a workin,g model o f  a modern wind  t u r b i n e .  You w i l l  i n v e s t i g a t e  
iiow t h e  p r o p e l l e r  and  t h e  g e n e r a t o r  f u n c t i o n  t o  p r o d u c e  an  
e l e c t r i c  c u r r e n t .  I n  t h e  p r o c e s s ,  y o u ' l l  l e a r n  a b o u t  some of 
t h e  p r i n e i p l e s  and  p rob lems  a s s o c i a t e d  w i t h  u s i n g  t h e  e n e r g y  o f  
t h e  wind .  

Objectives 
A t  t h e  c o m p l e t i o n  o f  t h i s  a c t i v i t y ,  you s h o u l d  be ab le  t o  

o c o n s t r u c t  a b i c y c l e  whee l  wind t u r b i n e ,  
(1 a d j u s t  t h e  components  f o r  smoo th ,  f r i c t i o n - f r e e  

o c o n n e c t  t h e  l o a d  ( p o t e n t i o m e t e r ,  l i g h t  b u l b s )  and  
o p e r a t i o n ,  and  

m e a s u r i n g  i n s t r u m e n t s  t o  t h e  g e n e r a t o r .  

Skills and Knowledge You Need 
Read ing  t e c h n i c a l  d r a w i n g s  
Measuking w i t h  a r u l e ,  micrometer,  and  c o m b i n a t i o n  s q u a r e  
Us ing  s e l e c t e d  hand and machine  t o o l s  
U s i n g  a d h e s i v e s  and  f a s t e n e r s  
S o l d e r i n g ,  b r a z i n g ,  and p a i n t i n g  
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Materials and Equipment 

Blade Construction 
1 b i c y c l e  wheel ( 2 7 " )  12" metal r u l e  masking t a p e  

1/16'' x 1" x 36" b a l s a  epoxy g lue  (one hour)  
wood ( 5  p i e c e s )  p a i n t  brush (112" wide) p e n c i l  
cyano-acrylate  g lue  acetone o r  lacquer  t h i n n e r  220 g r i t  sandpaper 
X-acto k n i f e  (#11 b l a d e )  

c u t t i n g  board 

( f o r  clean up) ( g a r n e t )  

Turbine Head, Tower, Tail Vane, and Bench Mount Construction 
b i c y c l e  "fork" assembly e l e c t r i c  d r i l l  motor and h ac k s a.w 

314" e l e c t r i c a l  condui t  
( 6 '  long)  s h e e t  metal brake (bender)  ( m e t a l )  
oxygen-acetylene welding e l e c t r i c  s o l d e r i n g  gun 1/2" masking t a p e  
equipmen t 
b raz ing  rod and f l u x  
112" s t e e l  t u b i n g  ( 6  ) 

half-round coarse f i l e  t w i s t  d r i l l s  

112" s h e e t  metal screw (1) l a c q u e r  t h i n n e r  
spray-can enamel p a i n t  12" metal r u l e  
2" x 4"'s - f i r  (about  4 ' )  C- c l  amp 
24" f l a t  head wood screws ( 6 )  w i r e  brush .011 t h i c k  t i n p l a t e  

(16" x 18a") 
whi te  g lue  f l a t  f i l e  ( m e t a l )  

1/2" e l e c t r i c a l  condui t  
(18" long)  screw d r i v e r  s h e e t  metal s h e a r  
s o l d e r  and f l u x  counters ink  112" metal  r a t - t a i l  f i l e  
1/4" long aluminum pop 1" U-bolts ( 2 )  
r i v e t s  ( l / 8 "  d i a . )  s t e e l  p l a t e s  (about  1 4 )  
pop r i v e t  gun hex n u t s  

hold-down clamp 

c e n t e r  punch 
hammer 
combination square  
micrometer 

E l e c t r i c  G e n e r a t o r  a n d  M i c r o s w i t c h  for RPM Counter 
microswitch ( m i n i a t u r e ,  machine screw (4-40) d r i v e  p i n  punch (1116") 
l e v e r  t y p e )  

gene ra to r  (permanent magnet, drill press emery c l o t h  ( f i n e )  Edmund S c i e n t i f i c  #40,872) 

gene ra to r  f r i c t i o n  wheel 
( * ' I  d i a .  wheel from a model s o l d e r i n g  gun p r i n t e d  c i r c u i t  board 
a i r p l a n e  ) X- acto k n i f e  s i n g l e  conductor  j a c k s  

(male and female) ( 4 )  O-ring, (318" O . D .  ) c e n t e r  punch 
speaker  w i r e  (double  
conductor)  ( 2  f e e t )  

nylon t i e  s t r i p s  (6" long)  

s h e e t  metal screws (2-3/8") music w i r e  (3132" d i a . )  

a d j u s t a b l e  wrench (8" )  
f ine-  copper b ind ing  w i r e  
( u n i n s u l a t e d )  

w i r e  s t r i p p e r  s o l d e r  and f l u x  

t w i s t  d r i l l s  s h e e t  metal s h e a r  

needle-nosed p l i e r s  c l o t h e s  p i n  ( spr ing- type)  

e l e c t r i c  d r i l l  motor 
screw d r i v e r  
l i g h t  f o r c e  t e n s i o n  s p r i n g  
metal f i l e s  ( f l a t ,  h a l f -  
round. r a t - t a i l )  

b r a s s  t u b i n g  (118" O . D .  ) 

b r a s s  p l a t e  ( . 0 2 0  t h i c k )  micrometer 
s h e e t  metal screws 
(318'' long)  
steel  s h e e t  ( . 040  t h i c k )  

metal l a t h e  

c o l l e t  

j i g  saw 
sanding  block 
combination square  
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RPM Counter  - 
c a l c u l a t o r  
double conductor j ack  (1) 
push bu t ton  (on-off)  
speaker  wire (8-10' ) 

Load C o n t r o l  P a n e l  
vol tmeter  (Simpson, model 

ammeter (Simpson, model 

pot e n  t iome t er ( wire 
wound, 25w, 50 ohm) 
s e l e c t o r  s w i t c h  (center-  
o f f  DPDT) 
t o g g l e  swi t ch ,  SPST ( 6 )  
g r a i n  of  wheat bu lbs ,  

s i n g l e  conductor j a c k ,  
male and female ( 4 )  

lamp cord ( € : - l o ' ,  18 
gauge ) 
dry t r a n s f e r  l e t t e r s  and 
numbers ( & "  h igh)  

127 ,  0-5 DC v o l t s )  

1 2 5 ,  0-1 DC amps) 

0-3 DC volts;  ( 6 )  

s i n g l e  conductor j a c k  ( 2 )  

f l u x  and s o l d e r  
s o l d e r i n g  gun 
needle-nosed p l i e r s  

spray-can enamel ( c l e a r )  
a c r y l i c  p l a s t i c  t ub ing  
(1" O . D . ,  about 3/32'' 
t h i c k )  (6")  

cyano-acrylate g lue  
pointer- type knob f o r  
potent iometer  s h a f t  
aluminum box (7" x 5" x 3") 
hook-up wire 
f l u x  and s o l d e r  
s o l d e r i n g  gun 
t w i s t  d r i l l s  

d r i l l  p r e s s  
compass with ink ing  
attachment 

t w i s t  d r  i 11s 
d r i l l  p r e s s  
wire s t r i p p e r  
jumper wire (about 8" long) 

center  punch 
11 amme r 
m e t  a 1  ha l f  -round f i l e  
( coa r se )  
needle-nosed p l i e r s  
metal  r u l e  
micrometer, 0-1'' 
( o u t s i d e )  
screwdriver  
counters ink 
j i g  saw 
metal  f l a t  f i l e  (medium) 
i n d i a  ink ( b l a c k )  
wire  s t r i p p e r s  
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Diagram 1 Bicycle Wheel Turbine Diagram 2 Blade Twist 
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1. 

2. 

3.  

4 .  

5. 

nipple 

rini 

Procedure 
B l a d e s  Assembly P r o c e d u r e  

U s i n g  l a c q u e r  t h i n n e r  

front rear hub 

or a c e t o n e  and  a r a g ,  c a r e f u l l y  
c l e a n  t h e  r i m ,  s p o k e s ,  and  i n n e r  hub a s s e m b l i e s  o f  
t h e  b i c y c l e  whee l .  

I d e n t i f y  t h e  s p o k e s  which w i l l  make t h e  9 b l a d e s  of 
t h e  t u r b i n e .  ( S e e  Diagrams 1 and 2 . )  

Your 27" wheel  s h o u l d  have  36 s p o k e s .  Count  them. 

A s  you v iew t h e  whee l  f rom t h e  f r o n t  o r  b a c k ,  t h e  
s p o k e s  u s e d  f o r  b l a d e s  a r e  t h o s e  which  a r e  a d j a -  
c e n t  ( n e x t  t o  one  a n o t h e r )  and a p p e a r  t o  be almost 
p a r a l l e l .  Wrap a small  p i e c e  of masking  t a p e  
a round  t h e s e  s p o k e s  f o r  i d e n t i f i c a t i o n .  When 
f i n i s h e d ,  you s h o u l d  c o u n t  9 b l a d e s ,  each h a v i n g  
t w o  s p o k e s .  

P l a c e  a l e n g t h  o f  b a l s a  ( 1 / 1 6 "  x 1" x 36" )  crosswise 
o v e r  two t a p e d  spokes ,  n e x t  t o  t h e  rim and b u t t e d  up  
a g a i n s t  t h e  s p o k e  " n i p p l e s " .  ( S e e  Diagram 1. ) 

P r e s s  b a l s a  down f i r m l y  and  mark w i t h  a p e n c i l  a l o n g  
t h e  o u t s i d e  o f  e a c h  s p o k e .  

Us ing  a metal s t r a i g h t - e d g e  and  t h e  X-acto k n i f e ,  
c u t  t h e  b l a d e  segment  on t h e  p e n c i l  l i n e .  

1 Caution: For c u t t i n g  baZsa Wood, aZways use a c u t t i n g  board and 
not t he  workbench. 
very e a s i l y  and mar bench surfaces.  Use X-acto knives  
careful7-y. They are very sharp. 

X-acto knives cu t  through balsa 



6.  L i g h t l y  s a n d  t h e  rough  edges w i t h  #220 g r i t  sand-  
p a p e r .  

7 .  Hold t h e  segment  up t o  i t s  p o s i t i o n  on t h e  two 
s p o k e s  so  t h a t  i t  t o u c h e s  b o t h . s p o k e s  e v e n l y  a l o n g  
i ts  w i d t h .  

8.  On t h e  s p o k e  s i d e  o f  t h e  segmen t ,  a p p l y  a t r a i l  o f  
c y a n o - a c r y l a t e  g l u e ,  s u c h  a s  "Super  Je t" .  

Caution: A l w a y s  wear eye protect ion when using t h i s  glue. 
not Zet it make contact w i th  your sk in .  

- Do C - 

9. Hold t h e  g l u e d  ba l sa  segment  i n  p l a c e  u n t i l  a d h e s i o n  
is  c o m p l e t e  ( a b o u t  30 s e c o n d s ) .  

10. Now p l a c e  t h e  ba l sa  c u t t i n g  s t r i p  n e x t  t o  t h e  f i r s t  
s egmen t ,  a l l o w i n g  a b o u t  1/16" c l e a r a n c e  be tween i t  
and  t h e  f i r s t  b a l s a  piece.  ( A  much n e a t e r  a p p e a r i n g  
b l a d e  w i l l  r e s u l t ,  w i t h  no  a p p a r e n t  r e d u c t i o n  i n  
t u r b i n e  e f f i c i e n c y . )  

11. Repea t  S t e p s  4-9 u n t i l  s e v e n  s e g m e n t s  are i n  p l a c e ,  
f o r m i n g  o n e  c o m p l e t e  b l a d e .  

1 2 .  Repea t  t h i s  p r o c e d u r e  f o r  e a c h  b l a d e .  (NOTE: T h i s  
p r o c e d u r e  may seem t i m e  consuming and  t e d i o u s .  But  
u l t i m a t e l y ,  t h e  s u c c e s s  o f  y o u r  wind  mach ine  w i l l  
depend upon t h e  care and  p a t i e n c e  you g i v e  h e r e . )  

1:3. L i g h t l y  s a n d  ( # 2 2 0  g r i t )  t h e  c o m p l e t e d  t u r b i n e  
b l a d e s ,  i n  p r e p a r a t i o n  f o r  f i n i s h i n g .  

14. Using  a good 1/2" p a i n t  b r u s h ,  c a r e f u l l y  a p p l y  t h e  
epoxy g l u e  f i n i s h  t o  t h e  t u r b i n e  b l a d e s .  B e  c a r e f u l  
t o  a v o i d  " r u n s "  by b r u s h i n g  t h e  ma te r i a l  q u i t e  
t h i n l y .  

1i3. C l e a n  t h e  b r u s h  i n  l a c q u e r  t h i n n e r  o r  a c e t o n e  
i m m e d i a t e l y  a f t e r  c o a t i n g  t h e  b l a d e s .  The b r u s h  
w i l l  be r u i n e d  i f  epoxy is  a l l o w e d  t o  c u r e  on i t s  
b r i s t l e s .  

16. A l l o w  24  h o u r s  f o r  c o m p l e t e  c u r i n g .  Sand l i g h t l y  
a g a i n  w i t h  #220  g r i t  s a n d p a p e r .  

1 '7 .  Your t u r b i n e  wheel  i s  now comple te ,  u n l e s s  you w i s h  
t o  d e c o r a t e  t h e  b l a d e s  w i t h  d i f f e r e n t  co lo r s .  Spray  
can enamel  works  w e l l ,  p r o v i d i n g  t h a t  areas s u c h  as  
r i m s ,  s p o k e s ,  and  i n n e r  hubs  a re  p r o p e r l y  c o v e r e d  
w i t h  newspaper  and masking  t a p e .  

n 

n 
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T u r b i n e  Xead,  T o w e r ,  T a i l  Vane, ancl Bench &lount Assembly 
P r o c e d u r e  

T u r b i n e  Head a n d  T o w e r  

1. Remove f o r k  assembly  f rom i t s  f r ame  components .  
Remove t h e  n u t ,  s h a f t ,  b a l l  b e a r i n g s ,  and  b e a r i n g  
races f rom t h e  end  o f  t h e  f o r k  s h a f t .  

2 .  C l e a n  a l l  components  w i t h  l a c q u e r  t h i n n e r  and  a r a g .  

3. To c u t  round  f r ame  
members, measu re  

b o t h  members and  mark 
w i t h  a p e n c i l .  ( S e e  
Diagram 3 . )  

Apply masking  t a p e  
t o  e d g e  o f  e a c h  pen- 
c i l  mark a n d  wrap 
a r o u n d  f rame member 
t o  show where  c u t s  
w i l l  b e  made. 

Clamp f rame j o i n e r  
i n  bench  v i s e  and  

fork k 
\ 

>\ \'*- ball bearing 
I '\ ' 
I .\* 1 frame joiner 

c a r e f u l l y  hacksaw t h e  
i 

t w o  round  f r ame  mem- %" 

b'ers 'lose to the round frame members e d g e  o f  t h e  mask ing  
t a p e .  

4 .  

5 .  

Use a coarse ,  h a l f -  
round  m e t a l  f i l e  t o  
f i l e  the e n d s  of t h e  
round  f r ame  members 
s o  t h e y  f i t  o n t o  t h e  
o u t s i d e  of t h e  3 / 4 "  
e l e c t r i c a l  c o n d u i t .  
( S e e  D i a g r a m  4 . )  

U s e  a C-clamp t o  h o l d  
f rame members t o  
e l e c t r i c a l  c o n d u i t .  
Braze members t o  con- 
d u i t ,  t h e n  c l e a n  w i t h  
a wire b r u s h  when 
cool .  

. I  /- 

round frame members are filed 
to closely f i t  !h" conduit 

Diagram 4 

Tower Mount 

41 7- %" electrical conduit 

mask to here for  painting - r U  
6.  Wipe components  c l e a n  w i t h  l a c q u e r  t h i n n e r  i n  p r e -  

p a r a t i o n  f o r  p a i n t i n g .  Apply s p r a y  p a i n t  t o  f o r k  
frame and  e l e c t r i c a l  c o n d u i t  tower  i n  t h i n ,  even  c o a t s .  

7 .  Reassemble  components  i n  r e v e r s e  order  f rom S t e p  1. 
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tail vane spar (typical shape) 
Diagram 5 Tail Vane Assembly 

turbine 

fork  - 

'/" electrical condui 

%" O.D. steel tubing 

tower 3/1 6" dr i l l  steel tubing w 
T a i l  Vane Assembly:  ( S e e  43iagram 5 . )  

T a i l  Vane A r m  -- 
1. Cut 5'' s t e e l  t u b i n g  t o  36 3 /4" .  Using,  t h e o b e n c h  

v i s e ,  f l a t t e n  t h e  l a s t  3 /4"  and bend t o  90 . D r i l l  
a 3/8" h o l e  i n  b e n t  end .  With a f l a t  f i l e ,  f i l e  
s h a r p  c o r n e r s  round.  

T a i l  V a n e  S p a r  

2 .  With a hacksaw,  c u t  $ I '  e l e c t r i c a l  c o n d u i t  t o  18". 
F i l e  t h e  s h a r p  e d g e s  from t h e  c o n d u i t .  Clamp t h e  
t a i l  vane  s p a r  t o  t h e  end  of t h e  t a i l  vane  a r m ,  
making s u r e  t h a t  i t  is  s q u a r e  i n  a l l  d i r e c t i o n s .  
Braze t h e  j o i n t  c a r e f u l l y ,  u s i n g  t h e  o x y g e n - a c e t y l e n e  
w e l d i n g  equ ipmen t .  

T a i l  Vane S u p p o r t  

3. 

4. 

5. 

6 .  

Cut gt t  s t e e l  t u b i n g  t o  29%". Using  t h e  bench  v i s e ,  
f l a t t e n  t h e  l a s t  6'' and bend s l i g h t l y  less  t h a n  90°. 
D r i l l  a 3 /16"  h o l e  i n  t h e  c e n t e r ' o f  t h e  b e n t  e n d .  

P o s i t i o n  t h e  s u p p o r t  a r m  be tween t h e  f o r k  assembly  
and t a i l  vane  a r m  as shown i n  Diagram 5.  Mark t h e  
a n g l e  a t  which t h e  end  o f  t h e  s u p p o r t  a r m  must b e  
c u t  i n  o r d e r  t o  s p l i c e  i t  w i t h  t h e  t a i l  vane  arm. 

Wrap t h e  s u p p o r t  arm w i t h  masking  t a p e  a t  t h e  d e s i r e d  
a n g l e  and  clamp i n  a bench  v i s e .  Hacksaw t h e  s u p p o r t  
a r m ,  u s i n g  tile masking  t a p e  as a c u t t i n g  g u i d e .  

With a h a l f - r o u n d  f i l e ,  s h a p e  t h e  end  o f  t h e  c u t  s o  
i t  f i t s  s n u g l y  a g a i n s t  t h e  t a i l  vane  arm. 

n 

n 
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T a i l  Vane 

7 .  Cut  t h e  .011 t h i c k  t i n p l a t e  t o  18" x 16+" w i t h  s h e e t  
metal s h e a r s .  

8 .  Us ing  t h e  s h e e t  me ta l  b r a k e  ( b e n d e r ) ,  make a $ ' I  f o l d  
on o n e  end  o f  t h e  18" s i d e .  ( S e e  Diagram 5 . )  

9 .  Then bend t h e  t i n p l a t e  t o  w i t h i n  30' o f  b e i n g  f o l d e d  
i n  h a l f .  ( S e e  Diagram 5 . )  

10.  U s e  t h e  r a t - t a i l  f i l e  t o  make a h o l e  i n  t h e  f r o n t  
c e n t e r  o f  t h e  t a i l  v a n e  t o  a c c e p t  t h e  t a i l  v a n e  arm, 
as shown i n  Diagram 5 .  

11. S l i d e  t h e  t a i l  v a n e  o v e r  t h e  f r o n t  e n d  o f  t h e  t a i l  
v a n e  arm and o n t o  t h e  t a i l  vane  s p a r .  

1 2 .  C a r e f u l l y  s n a p  t h e  unben t  e d g e  of t h e  t a i l  v a n e  i n t o  
t h e  p r e - b e n t  f o l d  on t h e  o t h e r  e d g e .  

Push  t i g h t l y  i n t o  p l a c e ,  s q u a r i n g  e a c h  e n d  of  t h i s  
" t r a i l i n g  edge" .  S i g h t  a long  t h e  v a n e ,  making  s u r e  
i t  i s n ' t  warped .  I f  a t w i s t  is d e t e c t e d ,  s i m p l y  
twist t h e  v a n e  i n  t h e  o p p o s i t e  d i r e c t i o n  u n t i l  
s t r a i g h t .  

13.  Us ing  p a s t e  s o l d e r i n g  f l u x ,  t a c k  s o l d e r  t h e  t r a i l i n g  
e d g e  o f  t h e  v a n e  i n  s e v e r a l  p l a c e s .  

1 4 .  On t h e  o u t s i d e  o f  b o t h  s u r f a c e s  o f  t h e  v a n e ,  draw a 
l i n e  2+! '  i n  f rom t h e  l e a d i n g  e d g e  o f  t h e  v a n e .  

15 .  Measure e q u a l  d i s t a n c e s  o f  2s"  a l o n g  t h e  l i n e s  a n d  
c e n t e r  punch .  

A l i g n  t h e  l i n e s  w i t h  t h e  t a i l  vane  s p a r  and  d r i l l  
1/8" h o l e s  t h r o u g h  t h e  v a n e  s u r f a c e s  and  s p a r .  
( C a r e f u l  a d j u s t m e n t  i s  n e c e s s a r y  h e r e .  ) 

1 6 .  Us ing  pop r i v e t s  and t h e  pop r i v e t  g u n ,  a t t a c h  t h e  
t a i l  vane  t o  t h e  t a i l  v a n e  s p a r .  

(NOTE: N o  a t t a c h m e n t  is necessary where  t h e  t a i l  v a n e  
a r m  p a s s e s  t h r o u g h  t h e  h o l e  i n  t h e  l e a d i n g  edge  
of t h e  t a i l  v a n ? . )  

1 7 .  Hold t h e  t a i l  vane  aril1 and i t s  s u p p o r t  a t  t h e  p r o p e r  
a n g l e  and  c lamp i n  t h e  bench  v i s e .  Braze t o g e t h e r .  

18. C l e a n  t h e  a s sembly  w i t h  l a c q u e r  t h i n n e r  and  a r a g .  
Mask t h e  t a i l  vane  and s p r a y  p a i n t  t h e  t a i l  v a n e  arm 
and i t s   support^. T h i s  c o m p l e t e s  t h e  t a i l  v a n e  con- 
s t r u c t i o n  a n a  a s sembly .  
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Mounting t h e  T a i l  Vane Assembly 

19. S l i p  t h e  t a i l  v a n e  arm o n t o  t h e  s t a t i o n a r y  ax le  s h a f t  
of  t h e  b i c y c l e  w h e e l .  ( S e e  Diagram 5 . )  T i g h t e n  t h e  
a x l e  n u t ,  making c e r t a i n  t h a t  t h e  t a i l  v a n e  assembly  
is n o t  b e i n g  t w i s t e d .  

2 0 .  P o s i t i o n  t h e  u n a t t a c h e d  e n d  o f  t h e  s u p p o r t  arin on  
t h e  f o r k  s o  t h a t  t h e  e n t i r e  v a n e  a s sembly  is  
s q u a r e  w i t h  t h e  t u r b i n e  w h e e l .  

21 .  Mark t h e  h o l e  p o s i t i o n  on t h e  f o r k ,  c e n t e r  punch ,  and  
d r i l l  a 3/32" h o l e  t h r o u g h  t h e  f o r k .  Us ing  a s h e e t  
metal s c r e w ,  f i r m l y  a t t a c h  t h e  s u p p o r t  arm t o  t h e  f o r k  

Diagram 

22 .  

2 3 .  

2 4 .  

2 5  * 

2 6 .  

2 7 .  

2 8 .  

tower - 

'. 

Bench hilount 

Us ing  t h e  c i r c u l a r  saw,  c u t  t h e  t h r e e  p i e c e s  of 2" x 4" 
t o  t h e  d i m e n s i o n s  i n d i c a t e d  i n  Diagram 6 .  Cut  a 450 
V-slot down t h e  c e n t e r  of t h e  v e r t i c a l  member. 

Us ing  t h e  e l e c t r i c  d r i l l  m o t o r ,  d r i l l  p i l o t  h o l e s ,  
clearance h o l e s ,  and  c o u n t e r s i n k s  f o r  t h e  s i x  2$" 
f l a t h e a d  woodscrews.  ( S e e  Diagram 6 . )  

Assemble w i t h  w h i t e  g l u e .  Then a t t a c h  s c r e w s ,  
c h e c k i n g  s q u a r e n e s s  w i t h  a c o m b i n a t i o n  s q u a r e .  

A s  i n d i c a t e d  i n  Diagram 6 ,  marl.; t h e  p o s i t i o n  of t h e  
h o l e s  f o r  t h e  U-bolts and d r i l l  2" h o l e s .  

A t t a c h  s t e e l  p l a t e s  and  h e x  n u t s  t o  p r o v i d e  f a s t e n i n g  
f o r  t h e  U-bol t s .  S l i d e  t h e  U-bo l t s  o v e r  t h e  3/4" 
e l e c t r i c a l  c o n d u i t  t o w e r ,  p r e s s i n g  i t  s e c u r e l y  i n t o  
t h e  V-s lo t  o f  t h e  mount .  T i g h t e n  U-bolts. .  

S e c u r e  t h e  bench  mount t o  any h o r i z o n t a l  s u r f a c e  w i t h  
a p a r a l l e l  o r  C-clamp. Tower h e i g h t  may b e  changed  
by l o o s e n i n g  t h e  U-bolt  f a s t e n e r s  and  s l i d i n g  t h e  
tower mount up o r  down, t h e n  r e t i g h t e n i n g .  

F i n i s n  t h e  bench  mount w i t n  a coat o r  t w o  o f  v a r n i s h .  
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E l e c t r i c  G e n e r a t o r  Assembly P r o c e d u r e  

F a s t e n i n g  t h e  D r i v e  Wheel t o  t h e  G e n e r a t o r  S h a f t  

1. Use t h e  mic romete r  t o  measure  t h e  d i a m e t e r  o f  t h e  
g e n e r a t o r  s h a f t .  ( I f  you u s e  t h e  Edmund g e n e r a t o r ,  
t h i s  d i a m e t e r  w i l l  measure  . 0 7 8 " . )  You w i l l  d r i l l  
a hole ,003" smaller i n  t h e  d r i v e  wheel  h u b .  T h i s  
w i l l  a l l o w  you t o  p e r f o r m  a " p r e s s  f i t "  o f  t h e  hub 
t o  t h e  s h a f t .  No o t h e r  f a s t e n i n g  methods w i l l  b e  
r e q u i r e d .  

2 .  Fiemove t h e  r u b b e r  t i r e  from t h e  hub.  U s e  t h e  
mic romete r  t o  measure t h e  o u t s i d e  d i a m e t e r  o f  t h e  
hub .  I n s e r t  t h e  hub i n t o  a c o l l e t  o f  t h e  same s i z e  
f o r  d r i l l i n g  on t h e  metal l a t h e .  

3 .  I n s t a l l  t h e  c o l l e t  i n  t h e  head  s t o c k  and  a d r i l l  
.003" smaller t h a n  t h e  g e n e r a t o r  s h a f t  d i a m e t e r  i n  
t h e  chuck ( i n  t h e  t a i l  s t o c k ) .  D r i l l  hub .  (NOTE: 
T h i s  p r o c e d u r e  i s  f o l l o w e d  s o  t h a t  t h e  h o l e  is 
d r i l l e d  s t r a i g h t  and on center  and  t h e  d r i v e  wheel  
w i l l  n o t  wobble o r  run  o f f  c e n t e r .  Merely d r i l l i n g  
t h e  h o l e  on a d r i l l  p r e s s  o r  w i t h  an e l e c t r i c  d r i l l  
w i l l  n o t  g u a r a n t e e  t h i s  a c c u r a c y . )  

4 .  To p r e s s  t h e  wheel  hub o n t o  t h e  g e n e r a t o r  s h a f t ,  
h o l d  t h e  hub ,  g e n e r a t o r ,  and  punch as i n  Diagram 7 .  
S i n c e  t h e  g e n e r a t o r  s h a f t  
e n d s  i n s i d e  t h e  g e n e r a t o r  Diagram7 
case (on  t h e  o p p o s i t e  end Hub-Shaft Assembly 
of  t h e  d r i v e  w h e e l ) ,  u s e  
a 1/16" d r i v e  p i n  punch 
t o  s u p p o r t  t h e  s h a f t  when 
p r e s s i n g  t h e  hub o n t o  i t .  
Have a h e l p e r  s l o w l y  p ress  
t h e  hub o n t o  t h e  s h a f t ,  
u s i n g  t h e  d r i l l  p r e s s  
chuck .  shaft  

C a u t i o n :  The  c h u c k  s h o u l d  b e  
c o m p l e t e l y  C L O S E D .  Do n o t  
t u r n  t h e  drill p r e s s  on 
f o r  t h i s  p r o c e d u r e .  

5.  Snap t h e  3/8" O . D .  O-r ing  
o n t o  t h e  comple t ed  hub-  
s n a f  t a s sembly .  drill ptess tab le  
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Music Wire Generator Mount A r m  

6. 

7. 

8. 

I S S  tubing / 

M- / 

a n d  t h e  s o l d e r i n g  copper wire (b ind and solder)  
gun f o r  t h e  f i n a l  
j o i n i n g  o f  t h e  t w o  
music  w i r e  p i e c e s .  T h i s  mus ic  w i r e  a r m  a l lows  t h e  
g e n e r a t o r  t o  move f r e e l y  away f rom and toward  t h e  
r i m  of t h e  t u r b i n e .  

Mount P l a t e  Assembly 

9 .  S h e a r  ,020 brass p l a t e  t o  1%" l o n g  by 3 / 4 "  w i d e .  

10.  Cut 1 /8"  O.D.  b r a s s  t u b i n g  t o  t h e  same l e n g t h  by 
' s e t t i n g  t h e  t u b i n g  on a f l a t  s u r f a c e .  P l a c e  a n  X- 

ac to  k n i f e  (#11 blade works  bes t )  on t h e  brass  t u b e .  
R o l l  t h e  t u b e  u n d e r  t h e  blade w h i l e  a p p l y i n g  f i r m  
p r e s s u r e .  A c l e a n ,  s t r a i g h t  c u t  w i l l  be p r o d u c e d .  

11. C l e a n  t h e  p l a t e  and  t u b e  w i t h  a f i n e  emery c l o t h .  

12 .  P o s i t i o n  t h e  t u b e  on t h e  p l a t e  as  shown i n  Diagram 8.  
Hold i n  p l a c e  w i t h  s p r i n g - t y p e  c l o t h e s p i n .  Apply 
f l u x  a n d  s o l d e r  u s i n g  t h e  s o l d e r i n g  gun.  

13. C e n t e r  punch f o r  t h e  4 h o l e s  i n  t h e  p l a t e  where  
i n d i c a t e d  i n  Diagram 8. D r i l l  f o u r  1/8" h o l e s  w i t h  
t h e  e l e c t r i c  d r i l l  motor. 

G e n e r a t o r  Mount Assembly 

/ 

n 

1 4 .  A s  shown i n  Diagram 8 ,  s o l d e r  a s m a l l  p i e c e  ( 1 / 4 "  l o n g )  
o f  b r a s s  t u b i n g  t o  t h e  mus ic  w i r e  a r m  t o  k e e p  i t  from 
f a l l i n g  o u t  o f  t h e  mount p l a t e .  

15. F a s t e n  t h e  g e n e r a t o r  t o  t h e  mus ic  w i r e  a r m  assembly  
w i t h  n y l o n  t i e  s t r i p s .  P u l l  t i g h t ,  u s i n g  need le -nosed  
p l i e r s .  n 
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Rlounting t h e  G e n e r a t o r  Assembly 

1 6 .  

17. 

18. 

19. 

2 0 .  

Hold t h e  g e n e r a t o r  
assembly  up t o  t h e  
t u r b i n e  wheel  and f o r k .  
( S e e  Diagram 9 . )  

Mark where  t h e  f o u r  
p i l o t  h o l e s  must  b e  
d r i l l e d  i n  t h e  f o r k  
t o  a c c e p t  t h e  mour,t 

Diagram 9 Generator Mount P la te  

p l a t e .  C e n t e r  punch 
t h e s e  f o u r  p o i n t s .  
Us ing  t h e  e l e c t r i c  
d r i l l  motor and a 
3/32" t w i s t  d r i l l ,  
d r i l l  t h e  f o u r  p i l o t  
h o l e s .  

S e c u r e l y  a t t a c h  t h e  
brass mount p l a t e  t o  
t h e  f o r k  arm, u s i n g  
3/8" s h e e t  metal 
screws. 

a 
S l i p  one  end  of t h e  l i g h t  t e n s i o n  s p r i n g  o v e r  o n e  
o f  t h e  m u s i c  w i r e  a r m  v e r t i c a l  s u p p o r t s .  L i g h t l y  
s t r e t c h  t h e  s p r i n g  s o  t h a t  t h e  d r i v e  whee l  t i r e  
(O- r ing )  c o n t a c t s  t h e  t u r b i n e  whee l  r i m .  A t t a c h  
t h e  o p p o s i t e  end  o f  t h e  s p r i n g  t o  t h e  o p p o s i t e  s i d e  
f o r k  s o  t h a t  t h i s  t e n s i o n  may be m a i n t a i n e d .  D r i l l  
a n o t h e r  3/32" h o l e  and i n s e r t  a 3/8" s h e e t  metal  
screw t o  ac t  as an a n c h o r  p o i n t  f o r  t h e  s p r i n g .  
T h i s  c o m p l e t e s  t h e  moun t ing  o f  t h e  g e n e r a t o r .  

Exper iment  w i t h  v a r i o u s  s p r i n g  t e n s i o n s .  I f  t h e  
d r i v e  t i r e  i s  t o o  t i g h t  a g a i n s t  t h e  r i m ,  i t  w i l l  
" s c r u b "  away v a l u a b l e  power i n  t h e  form o f  h i g h  
f r i c t i o n  and i t s  r e s u l t a n t  h e a t .  I f  t h e  s p r i n g  is 
too  l i g h t ,  t h e  d r i v e  t i r e  may " s k i p " ,  e s p e c i a l l y  
u n d e r  h i g h  l o a d  c o n d i t i o n s .  

M i  crosw i t c h  Raloun t 

21 .  The m i c r o s w i t c h  t r i g g e r s  t h e  c o u n t e r  f u n c t i o n  on a 
hand-he ld  c a l c u l a t o r  f o r  t h e  p u r p o s e  o f  d e t e r m i n i n g  
t h e  t u r b i n e  wheel  r e v o l u t i o n s  p e r  m i n u t e  ( R P M )  . 
B i c y c l e  w h e e l s  which h a v e  been  m o d i f i e d  w i t h  wind- 
m i l l  b l a d e s  t e n d  t o  "wobble" s l i g h t l y  f rom t h e i r  
p l a n e  o f  r o t a t i o n ,  as much as 1 /8" .  The wobble  d o e s  
n o t  a p p r e c i a b l y  a f f e c t  t h e  t u r b i n e ' s  p e r f o r m a n c e ,  
b u t  d o e s  p r o v i d e  t h e  o p p o r t u n i t y  t o  u s e  t h i s  a c t i o n  
t o  o p e r a t e  a c o u n t e r  s w i t c h .  
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l a y  o u t  t h e  l e n g t h  
and w i d t h  o f  t h e  j a c k  
p l a t e  as shown i n  A 

% t 

, 

/ Diagram 10 Microswitch Mount 

43-7 
Diagram j i g  s a w  w i t h  11. Us ing  a f i n e  a B--qT&-y*n 
b l a d e ,  s a w  c lose  t o  

22. F a b r i c a t e  t h e  micro- 
s w i t c h  b r a c k e t  f rom 
.040  t h i c k  s h e e t  
s t ee l  as shown i n  
Diagram 10. 

single machine screw 

23. S h e a r ,  f i l e ,  and  bend 
t h e  b r a c k e t  so  t h e  
m i c r o s w i t c h  l e v e r  w i l l  sheetme 

c o n t a c t  t h e  g e n e r a t o r  Screw 

somewhere on i t s  

r e q u i r e d  3 1 /8"  
mount ing  h o l e s  i n  t h e  
b r a c k e t .  

s u r f a c e *  the stationar 

generator movement 

24. U s e  o n l y  o n e  4-40 machine  screw t o  mount t h e  micro- 
s w i t c h  t o  t h e  b r a c k e t .  T h i s  e n a b l e s  you t o  " t w i s t "  
t h e  m i c r o s w i t c h ,  t h u s  p r o v i d i n g  a f i n e  a d j u s t m e n t  
when t h e  g e n e r a t o r  moves d u e  t o  t h e  t u r b i n e  r i m  wobble.  

Mount t h e  b r a c k e t  a s sembly  on t h e  g e n e r a t o r  mount 
p l a t e  and f o r k ,  u s i n g  t h e  g e n e r a t o r  mount s c r e w s .  
The b r a c k e t  w i l l  now rema in  s t a t i o n a r y .  

W i r i n g  P r o c e d u r e  

F a b r i c a t i n g  and Mounting J a c k  P l a t e  

25.  O b t a i n  a p i e c e  of 
p r i n t e d  c i r c u i t  b o a r d  
from t h e  e l e c t r o n i c s  
l a b .  Diagram 1 1  Jack Plate 

28.  Locate t h e  h o l e s  and cen te r  punch t h e i r  p o s i t i o n s  
a c c u r a t e l y .  Us ing  t h e  d r i l l  p r e s s  (wear g o g g l e s ) ,  
d r i l l  t h e s e  h o l e s  t o  t h e  s i ze s  i n d i c a t e d  i n  Diagram 
11. 
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8-15 29. Xold  t h e  j a c k  p l a t e  i n  p o s i t i o n  on t h e  t a i l  v a n e  

s u p p o r t  a r m  (Diagram 5 ) .  A c c u r a t e l y  mark t h e  t w o  
mount h o l e s .  C e n t e r  punch and  d r i l l  ( e l e c t r i c  d r i l l  
m o t o r )  t o  3 /32"  d i a .  I n s t a l l  t h e  j a c k  p l a t e ,  u s i n g  
3/8" s h e e t  metal  screws. 

30. I n s t a l l  t h e  f e m a l e  p o r t i o n s  o f  t h e  f o u r  j a c k s  on t h e  
j a c k  p l a t e .  Hold  them s e c u r e l y  i n  p l a c e  w h i l e  
t i g h t e n i n g  t h e  h e x  n u t s  w i t h  a c o m b i n a t i o n  wrench .  

Wire S t r i p p i n g  and  T i n n i n g  

31. Us ing  t h e  wire s t r i p p e r s ,  remove a b o u t  $' '  of i n s u l a -  
t i o n  f rom t h e  two c o n d u c t o r s  a t  o n e  end  o f  t h e  s p e a k e r  
w i r e .  T w i s t  e a c h  w i r e  b u n d l e  s o  t h a t  no  " s t r a y "  e n d s  
r e m a i n .  Apply a s m a l l  amount of s o l d e r i n g  f l u x  t o  
e a c h  c o n d u c t o r  e n d .  

32 .  Us ing  t h e  s o l d e r i n g  gun ,  h e a t  t h e  c o n d u c t o r  e n d s  and 
a p p l y  a small amount o f  s o l d e r .  T h i s  t i n s  and  p r e -  
pares t h e  c o n d u c t o r  f o r  s o l d e r i n g  t o  t h e  generator  
t e r m i n a l .  

33. Us ing  t h e  need le -nosed  p l i e r s ,  b e n d  a sma l l  " f i s h  hook" 
on to  t h e  end  of e a c h  t i n n e d  c o n d u c t o r .  Hook t h e  con- 
d u c t o r s  t h r o u g h  t h e  h o l e  i n  e a c h  g e n e r a t o r  t e r m i n a l .  
Squeeze  t i g h t ,  u s i n g  t h e  n e e d l e - n o s e d  p l i e r s .  

34. Apply h e a t  t o  o n e  t e r m i n a l  w i t h  t h e  s o l d e r i n g  gun .  
Apply a b i t  o f  s o l d e r  t o  t h e  j o i n t  and  allow it  t o  
"f low".  Remove t h e  t i p  o f  t h e  gun.  Repea t  f o r  t h e  
s e c o n d  g e n e r a t o r  t e r m i n a l .  

35. Run t h e  s p e a k e r  w i r e  f rom t h e  g e n e r a t o r  c a r e f u l l y  t o  
t h e  j a c k  t e r m i n a l s  a t  t h e  b a c k  o f  t h e  j a c k  p l a t e .  
Leave  a l i t t l e  s l a c k .  Never  " s t r e t c h "  w i r e s  f rom o n e  
p o i n t  t o  a n o t h e r .  

3 6 .  Repea t  S t e p s  31-34, t h i s  t i m e  i n  p r e p a r a t i o n  for 
h o o k i n g  t h e  o t h e r  two ends o f  t h e  c o n d u c t o r s  t o  t h e  
t w o  j a c k s .  U s e  t h e  two c e n t e r  j a c k s  f o r  t h e  gene ra -  
t o r  c o n n e c t i o n s .  One j a c k  s h o u l d  be red ( + )  and  t h e  
o t h e r  b l a c k  ( - ) .  

37. P e r f o r m  t h e  same w i r i n g  o p e r a t i o n  f o r  t h e  m i c r o s w i t c h .  
U s e  t h e  n o r m a l l y  open  (X.0.) and  common t e r m i n a l s .  

38. @e t w o  n y l o n  t i e  s t r i p s  t o  n e a t l y  f a s t e n  t h e  s p e a k e r  
w i r e s  t o  t h e  f o r k  and t a i l  v a n e  s u p p o r t  a r m .  

RPM C o u n t e r  Assembly P r o c e d u r e  

F indine :  a u s a b l e  c a l c u l a t o r  t o  f u n c t i o n  as t h e  RPM c o u n t e r  

1. The c o u n t e r  w i l l  operate  i n  t h e  f o l l o w i n g  manner .  
Each t i m e  t h e  m i c r o s w i t c h  c loses ,  c o m p l e t i n g  t h e  
c i r c u i t ,  t h e  t u r b i n e  w i l l  h a v e  r o t a t e d  o n e  t i m e .  
The c a l c u l a t o r  w i l l  add  t h i s  i m p u l s e  and  r e c o r d  i t  
on i t s  d i s p l a y .  I f  you r e c o r d  t h e  number o f  t imes 
t h e  m i c r o s w i t c h  c loses  i n  t e n  s e c o n d s ,  t h e n  m u l t i p l y  
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t h i s  number t i m e s  6 (10 s e c o n d s  x 6 = 60 s e c o n d s ,  o r  
o n e  m i n u t e ) ,  you w i l l  h a v e  found  t h e  t u r b i n e ' s  RPM 
( r e v o l u t i o n s  p e r  m i n u t e ) .  

Some c a l c u l a t o r s  w i l l  add t h e s e  c o n s e c u t i v e  i m p u l s e s  
( T e x a s  I n s t r u m e n t s ,  Radio S h a c k )  w h i l e  o t h e r s  w i l l  
n o t .  You w i l l  h a v e  t o  s e a r c h  f o r  one  t h a t  works i n  
t h e  f o l l o w i n g  manner :  

a .  t u r n  t h e  c a l c u l a t o r  on ,  
b .  p r e s s  t h e  "+" k e y  7 

c .  p r e s s  t h e  "1" k e y ,  
d .  t h e n  p r e s s  t h e  "=" key s e v e r a l  times, 
e .  t h e  c a l c u l a t o r  w i l l  add one  e a c h  t i m e  (1, 2 ,  3 ,  4,  

5 ,  6 ,  . . . . . . . . ) .  
(NOTE: A t  t u r b i n e  s p e e d s  of less t h a n  5 r e v o l u t i o n s  

p e r  s e c o n d ,  you c a n  c o u n t  t h e  r e v o l u t i o n s  b.y 
e y e .  Use a l i n e  of w h i t e  p a i n t  on t h e  t u r b i n e  
ax le  s h a f t  as a m a r k e r .  ) 

n 

Diagram 12 Calculator Modifications 
C o n n e c t i n g  -the C o u n t e r  T e r n i n a l s  

2 .  Remove t h e  t o p  c o v e r  of  
t h e  c a l c u l a t o r .  Locate 
t h e  t e r m i n a l  l e a d s  f rom 
t h e  keyboard .  ( S e e  D i a -  
gram 1 2 . )  Turn t h e  
c a l c u l a t o r  t o  t h e  "on" 
p o s i t i o n .  P r e s s  t h e  
" + I '  k e y ,  t h e n  t h e  "1" 
k e y .  

on-off push button 

3 .  To f i n d  t h e  two t e r m i -  
n a l s  which c o n t r o l  t h e  
"=" k e y ,  u s e  t h e  jumper  
w i r e  t o  t o u c h  any t w o  
ad , j acen t  t e r m i n a l s .  
Y o  iir f i rs t a t  t emp t s 
w i l l  p r o b a b l y  n o t  p ro -  
v i d e  t h e  a d d i t i v e  c o u n t i n g  which you a re  l o o k i n g  f o r .  
I n  f a c t ,  t h e  c a l c u l a t o r  d i s p l a y  w i l l  p r o b a b l y  s c r a m b l e .  
I f  t h i s  h a p p e n s ,  c l ea r  t h e  c a l c u l a t o r ,  r e i n t r o d u c e  t h e  
1 t + 1 1  and tll", and p r o c e e d  t o  t o u c h  t w o  more t e r m i n a l s  
a t  a t i m e ,  u n t i l  t h e  p r o p e r  two are  l o c a t e d .  When you 
f i n d  t h e  c o r r e c t  t e r m i n a l s ,  you s h o u l d  be able t o  make 
t h e  d i s p l a y  c o u n t  m e r e l y  by s u c o e s s i v e l y  t o u c h i n g  t h e  
jumper  w i r e  a c r o s s  them. 

inal leads from keyboard 

4 .  C a r e f u l l y  s o l d e r  t h e  e n d s  of  t h e  d o u b l e  c o n d u c t o r  
s p e a k e r  wire  t o  e a c h  i d e n t i f i e d  t e r m i n a l .  n 
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5. 

6 .  

7 .  

8 .  

Then c o n n e c t  t h e  s p e a k e r  w i r e  t o  an  "on-of f"  push  
b u t t o n  s w i t c h  and  a d o u b l e  c o n d u c t o r  j a c k .  ( S e e  
Diagrams 1 2  and  1 3 . )  Locate t h e s e  d e v i c e s  where  
room w i l l  a l l ow i n s i d e  of t h e  c a l c u l a t o r .  D r i l l  
a p p r o p r i a t e  ' h o l e s  w i t h  a 
s w i t c h  and  j a c k .  

d r i l l  p r e s s  and  i n s t a l l  
turbine jack plate 

C a r e f u l l y  s o l d e r  t h e  
s p e a k e r  w i r e  t o  t h e  
s w i t c h  and  j a c k  as 
shown i n  Diagram 13. 

t sDeaker  wire / /  
C a r e f u l l y  replace t h e  
c a l c u l a t o r  c o v e r .  

C u t ,  w i r e  s t r i p ,  and  
so lde r  8-10' o f  s p e a k e r  
w i r e  between t h e  c a l c u -  
l a t o r  and  t u r b i n e  j a c k  
p l a t e .  ( S e e  Diagram 

microswitch +---I &3 push but ton 

push but ton 
(counter but ton)  

- 
l l i - )  calculator terminals , -5 --. , 

\ L L l l r  double conductor jack 

Load C o n t r o l  P a n e l  Assembly P r o c e d u r e  LdL 

1. 

2. 

3. 

4. 

T h e r e  are no  d i m e n s i o n s  
a s s o c i a t e d  w i t h  t h e  l o a d  
p a n e l  s i n c e  t h e  s izes  and 
s h a p e s  of t h e  components  
you a re  u s i n g  may v a r y .  
S imply  a r r a n g e  t h e  compo- 
n e n t s  i n  a manner s i m i l a r  
t o  Diagram 1 4 .  

Lay o u t  t h e  h o l e s  f o r  t h e  
meter b o d i e s .  (The  Simpson 
meters i n c l u d e  a simple-to- 
use  c a r d b o a r d  t e m p l a t e . )  
Note t h e  meter p o s i t i o n s  a s  
v iewed f rom t h e  f r o n t  o f  
t h e  p a n e l :  ammeter - u p p e r  
l e f t ,  v o l t m e t e r  - u p p e r  
r i g h t .  

bulb cover 

For s u p p o r t ,  p lace a piece o f  2" x 4" und.er t h e  
s e c t i o n  of box  t o  b e  d r i l l e d .  Us ing  a 3 / 8 "  d r i l l  i n  
t h e  d r i l l  p r e s s  ( w e a r  s a f e t y  g l a s s e s ) ,  d r i l l  many 
h o l e s  c lose t o g e t h e r  u n t i l  t h e  c e n t e r  s e c t i o n  o f  e a c h  
p l a n n e d  h o l e  f a l l s  o u t .  

Us ing  a h a l f - r o u n d ,  coarse me ta l  f i l e ,  smooth t h e  
rough  e d g e s  o f  t h e  h o l e s  u n t i l  a p e r f e c t l y  r o u n d  
h o l e  is formed o u t  t o  t h e  s c r i b e d  l i n e .  
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5. 

6. 

7. 

8. 

9 .  

10. 

11. 

12. 

13. 

1 4 .  

15. 

Center punch and d r i l l  t h e  meter mount ing  h o l e s .  Remove 
" b u r r s "  w i t h  a c o u n t e r s i n k  from t h e  back  s i d e  of t h e  box .  

A c c u r a t e l y  measure,  mark ,  cen ter  punch ,  and d r i l l  a l l  o f  
t h e  o t h e r  h o l e s  i n d i c a t e d  i n  Diagram 14 .  To d e t e r m i n e  
t h e  p r o p e r  d r i l l  s i z e ,  u s e  t h e  0-1" o u t s i d e  m i c r o m e t e r  
t o  measure  t h e  t h r e a d e d  e n d s  o f  t h e  s w i t c h e s  and o f  t h e  
p o t e n t i o m e t e r .  

Af te r  d r i l l i n g  1/811 h o l e s  f o r  t h e  g r a i n  of  whea t  b u l b  
s ea t s ,  g l u e  t h e  b u l b s  i n t o  p o s i t i o n  w i t h  c y a n o - a c r y l a t e  
g l u e .  

To make t h e  b u l b  c o v e r s ,  c u t  a 2" p i e c e  o f  p l a s t i c  t u b i n g  
w i t h  a s a w .  Us ing  a f i n e  b l a d e  on t h e  j i g  s a w ,  c a r e f u l l y  
s a w  t h e  t u b e  i n  h a l f  l e n g t h w i s e .  ( S e e  Diagram 1 4 . )  
Us ing  a f l a t  f i l e  (medium),  c a r e f u l l y  smooth a l l  sawed 
s u r f  aces. 

Remove a l l  components  f rom t h e  i n s t r u m e n t  p a n e l .  S i n c e  
t h e  box is a l r e a d y  p a i n t e d ,  i t  is t i m e  t o  p l a c e  t h e  
s w i t c h  and p o t e n t i o m e t e r  mark ings  on i t s  s u r f a c e .  ( S e e  
Diagram 1 4 .  ) 

Using i n d i a  i n k  i n  a d r a f t s m a n ' s  compass ,  swing  an  a rc  
r e p r e s e n t a t i v e  o f  t h e  p o t e n t i o m e t e r ' s  range ( f r o m  0 t o  
f u l l ) .  

Mark o f f  e l e v e n  e q u a l  s p a c e s  be tween t h e  p o t e n t i o m e t e r ' s  
z e r o  and maximum p o i n t s .  P l a c e  a d r y  t r a n s f e r  " p e r i o d "  
( . )  a t  each o f  t h e s e  p o i n t s  t o  b e  numbered. (IMPORTANT: 
'These d i v i s i o n s  w i l l  b e  u s e d  f o r  o u r  f i r s t  e x p e r i m e n t .  
'Take care and p a t i e n c e  t o  p r o d u c e  a n  a c c u r a t e  scale .  
Using t h e  p r e s s u r e  s e n s i t i v e  d r y  t r a n s f e r s ,  number t h e  
p o t e n t i o m e t e r  p o i n t s  f rom 0 t o  1 0 . )  

.Label t h e  s e l e c t o r  s w i t c h :  LOAD ( o n  t h e  l e f t ) ,  BULBS ( o n  
t h e  r i g h t ) ,  OFF ( i n  t h e  cen te r ) .  

: L i g h t l y  clean t h e  s u r f a c e  o f  t h e  box w i t h  a d r y ,  clean 
r a g .  DO NOT TOUCH t h e  i n d i a  i n k  l i n e ;  i t  w i l l  smear .  

;Spray s e v e r a l  l i g h t  c o a t s  o f  c lear  e n a m e l  o v e r  t h e  l i n e s  
and l e t t e r s .  Allow t o  d r y  o v e r n i g h t .  

Mount a l l  components  on t h e  box .  You s h o u l d  have  
2 meters 
1 s e l e c t o r  s w i t c h  
6 g r a i n  of  wheat  b u l b s  
1 p o t e n t i o m e t e r  w i t h  knob 
6 on-of f  switches 
2 s i n g l e  c o n d u c t o r  j a c k s  
2 a c r y l i c  p l a s t i c  b u l b  c o v e r s  
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10. A t t a c h  a c r y l i c  c o v e r s  w i t h  a s n a l l  amount of cyano- 
Diagram 1 5  Load Control Panel Wiring 

ac ry la t e  g l u e .  

17 .  U s e  t h e  hookup w i r e  t o  v 
(to generator) - c o n n e c t  t h e  components  as 

shown i n  Diagram 15 .  Cut 
a l l  w i r e s  s l i g h t l y  l o n g e r  
t h a n  t h e i r  e x a c t  l e n g t h .  
Never s t r e t c h  a w i r e  be-  

t i n ,  and  bend " f i s h  hooks" 
i n  t h e  e n d s  o f  a l l  w i r e s .  
S o l d e r  i n t o  p l a c e .  41 

- 

AMP t w e e n  two p o i n t s .  S t r i p ,  VOLT 

4b 4b 

*I - t10 

(IMPORTANT: Avoid " c o l d "  
s o l d e r  j o i n t s .  Have y o u r  
t e a c h e r  check  y o u r  pro-  
g r e s s  a f t e r  y o u ' v e  s o l d e r e d  
s e v e r a l  j o i n t s . )  

Obse rve  p o l a r i t y .  The 
meters have  a + and a - 
t e r m i n a l .  B e  s u r e  t h e y  
are a r r a n g e d  as shown i n  
t h e  w i r i n g  d i a g r a m .  Remember 
t o  u s e  a r e d  j a c k  f o r  + and 
a' b l a c k  j a c k  f o r  - .  

18. C a r e f u l l y  s o l d e r  t h e  4 male j a c k  e n d s  t o  t h e  8-10' of lamp 
c o r d .  Connect  from t h e  j a c k  p a n e l  on t h e  t u r b i n e  t o  tne 
l o a d  c o n t r o l  p a n e l .  B e  s u r e  t h a t  e a c h  c o n d u c t o r  h a s  t h e  
same co lo r  j a c k  a t  o p p o s i t e  e n d s :  c o n n e c t  r e d  t o  r e d ,  
b l a c k  t o  b l a c k .  

19.  Screw t h e  c o n t r o l  p a n e l  box  p i e c e s  t o g e t h e r ,  u s i n g  t h e  
s h e e t  metal screws s u p p l i e d  by t h e  m a n u f a c t u r e r .  

CONGRATULATIONS! You have  j u s t  comple t ed  a f i n e  p i e c e  o f  
l a b o r a t o r y  a p p a r a t u s !  L e t ' s  check  i t  o u t  
t o  make s u r e  e v e r y t h i n g  is hooked up 
c o r r e c t l y .  
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System Checkout  

1. 

2 .  

3 .  

4 .  

5. 

6 .  

7 .  

Does t h e  t u r b i n e  whee l  s p i n  f r e e l y  by hand  when t h e  
g e n e r a t o r  t i r e  i s n ' t  t o u c h i n g  t h e  r i m ?  I f  n o t ,  
a d j u s t  t h e  i n n e r  a x l e  s h a f t  n u t s ,  which c o n t r o l  t h e  
b a l l  b e a r i n g -  p r e s s u r e .  

I f  t h e  t u r b i n e  whee l  s h a k e s  a b o u t  s l i g h t l y ,  t h e  whee l  
may b e  o u t  o f  b a l a n c e .  Remove t h e  g e n e r a t o r  d r i v e  
wheel  f rom t h e  t u r b i n e  r i m .  Mark a p o i n t  on t h e  
t u r b i n e  w h e e l .  S p i n  t h e  t u r b i n e  by  h a n d ,  n o t i n g  t h e  
s t o p p i n g  p o i n t  ( f o r  example ,  t h e  6 : O O  p o s i t i o n ,  as 
on a c l o c k ) .  I f  t h e  whee l  s t o p s  a t  a p p r o x i m a t e l y  t h e  
same p o i n t  a f t e r  s e v e r a l  t r i a l s ,  you may be c e r t a i n  
t h a t  t h i s  is t h e  heavy s i d e .  

Tape s m a l l  machine  screw n u t s  o p p o s i t e  t h e  heavy s i d e  
o f  t h e  whee l  and  s p i n  as b e f o r e .  C o n t i n u e  t o  add o r  
s u b t r a c t  w e i g h t  u n t i l  t h e  whee l  s t o p s  randomly a t  
p o i n t s  about i t s  rim. Using c y a n o - a c r y l a t e  g l u e ,  
p e r m a n e n t l y  f a s t e n  t h e  w e i g h t s  i n  p l a c e .  The t u r b i n e  
whee l  i s  now i n  a s t a t i c a l l y  b a l a n c e d  c o n d i t i o n ,  and  
any o p e r a t i o n a l  v i b r a t i o n s  s h o u l d  be e l i m i n a t e d .  

P l a c e  an e l e c t r i c  f a n  t o  w i t h i n  o n e  f o o t  o f  t h e  
t u r b i n e  w h e e l .  Turn t h e  l o a d  c o n t r o l  p a n e l ' s  selec- 
t o r  s w i t c h  t o  t h e  ' ' o f f ' '  p o s i t i o n .  P l u g  i n  a l l  o t h e r  
j a c k s .  Turn  on t h e  f a n .  The t u r b i n e  s h o u l d  s tar t  
t u r n i n g .  (The f a n  w i l l  r emain  on for t h e  res t  o f  t h e  
s y s t e m  c h e c k o u t .  ) 

T h e r e  s h o u l d  be a v o l t m e t e r  r e a d i n g  ( u p  t o  a b o u t  3 
v o l t s ) .  I f  t h e  n e e d l e  is "p inned"  t o  t h e  l e f t  o f  t h e  
meter, t h e  c u r r e n t  p o l a r i t y  i s  wrong.  R e v e r s e  t h e  
w i r i n g  on t h e  meter. 

Turn  on t h e  c a l c u l a t o r  c o u n t e r .  P r e s s  t h e  ' '+'' key , 
t h e n  t h e  "6" k e y .  D e p r e s s  t h e  push  b u t t o n  "on-of f"  
s w i t c h  which  you i n s t a l l e d  e a r l i e r .  The c a l c u l a t o r  
d i s p l a y  s h o u l d  show a c o u n t  i n  p r o g r e s s .  I f  t h e r e  i s  
no c o u n t  shown,  check  t o  make s u r e  t h e  m i c r o s w i t c h  is, 
o p e n i n g  and  c l o s i n g  from t h e  mot ion  o f  t h e  g e n e r a t o r .  
Twist as n e c e s s a r y  t o  o b t a i n  s w i t c h i n g .  

Release t h e  push  b u t t o n  s w i t c h .  The t o t a l  c o u n t  
s h o u l d  r ema in  on t h e  c a l c u l a t o r  d i s p l a y .  To d e t e r -  
mine t h e  t u r b i n e  RPM, do t h e  f o l l o w i n g :  

, 

a .  C l e a r  t h e  d i s p l a y  by p u s h i n g  t h e  "0 "  k e y .  
b .  D e p r e s s  t h e  "on-of f"  b u t t o n  o f  t h e  c a l c u l a t o r  as 

t h e  s e c o n d  hand o f  a c l o c k  o r  wa tch  p a s s e s  a 
r e c o g n i z a b l e  p o i n t .  

e .  Release t h e  "on-of f"  b u t t o n  a t  t h e  end  o f  e x a c t l y  
10 s e c o n d s .  

d .  S i n c e  t h e  c a l c u l a t o r  w a s  programmed t o  c o u n t  by  
6's, t h e  d i s p l a y  s h o u l d  r e a d  t h e  a c t u a l  RPM. 
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With t h e  s e l e c t o r  s w i t c h  i n  t h e  " o f f "  p o s i t i o n  and 
t h e  g e n e r a t o r  t i r e  r i d i n g  on t h e  t u r b i n e  r i m ,  a t  
l ea s t  190 RPM s h o u l d  b e  found .  I f  y o u r  r e s u l t s  
are  lower  t h a n  t h i s ,  tnere migh t  b e  too much 
s p r i n g  t e n s i o n  on t h e  g e n e r a t o r , o r  your  moto r  
may be  weak. 

8. T u r n  t h e  s e l e c t o r  s w i t c h  t o  t h e  " load"  p o s i t i o n .  
T u r n  t h e  p o t e n t i o m e t e r  t o  abou t  t h e  "5" p o s i t i o n .  
Tine ammeter s h o u l d  r e a d  a p o s i t i v e  c u r r e n t .  I f  
t h e  ammeter n e e d l e  is "p inned"  t o  t h e  l e f t  o f  t h e  
meter, t h e  p o l a r i t y  i s  wrong.  Reverse t h e  w i r i n g .  

9 .  T u r n  t h e  p o t e n t i o m e t e r  l o a d  c o n t r o l  t o  10 (maximum). 
A f t e r  a few s e c o n d s ,  o b s e r v e  t h e  t u r b i n e  w h e e l .  I t  
s h o u l d  s l o w  t o  much less  t h a n  75 RPRl. Check i t  w i t h  
y o u r  c o u n t e r .  

1 0 .  Turn t h e  l o a d  c o n t r o l  knob t o  0 .  T h e  t u r b i n e  s h o u l d  
"unload"  and  o p e r a t e  a t  i t s  g r e a t e s t  RPM. F a i l u r e  
o f  t h e  a p p a r a t u s  t o  p e r f o r m  as i n d i c a t e d  c o u l d  mean 
imprope r  w i r i n g  or a g e n e r a t o r  w h e e l  which is s l i p -  
p i n g  a g a i n s t  t h e  t u r b i n e  r i m .  

11. Turn t h e  s e l e c t o r  s w i t c h  t o  t h e  "bu lb"  p o s i t i o n .  F l i g  
on one  b u l b  s w i t c h .  A g r a i n  of wheat  b u l b  s h o u l d  
l i g h t  up .  The ammeter s h o u l d  i n d i c a t e  a p o s i t i v e  
c u r r e n t  and  t h e  v o l t a g e  s h o u l d  d r o p  s l i g h t l y  f rom 
t h e  "no l o a d "  c o n d i t i o n .  

1 2 .  F l i p  on two o r  t h r e e  more b u l b  s w i t c h e s .  The c u r r e n t  
s h o u l d  increase,  and t h e  v o l t a g e  s h o u l d  d r o p .  The 
t u r b i n e  RPM s h o u l d  t a k e  a d e f i n i t e  d r o p .  F a i l u r e  of 
b u l b s  t o  l i g h t  when s w i t c h e s  a re  t u r n e d  on i n d i c a t e s  
t h a t  a m i s t a k e  w a s  made i n  w i r i n g ,  e s p e c i a l l y  i f  t h e  
v o l t m e t e r  r e a d s  n o r m a l l y .  Recheck t h e  w i r i n g .  

If  e v e r y t h i n g  o p e r a t e s  a c c o r d i n g  t o  t h e  p r e v i o u s  d e s c r i p -  
t i o n ,  you are  r e a d y  t o  p e r f o r m a n c e  t e s t  t h e  a p p a r a t u s .  T h i s  
y o u ' l l  do i n  t h e  n e x t  a c t i v i t y .  
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0 u est i o i i  s 
1. 

2.  

3 .  

4.  

5. 

6 .  

B r i e f l y  r e v i e w  how you i d e n t i f i e d  t h e  correct  b i c y c l e  
w h e e l  s p o k e s  on which  t o  c o n s t r u c t  t h e  i n d i v i d u a l  
t u r b i n e  b l a d e s .  

I n  r e v i e w i n g  t h e  t a i l  v a n e  a s sembly  s t e p s ,  why w a s n ' t  
t h e . t a i 1  v a n e  s u p p o r t  b r a z e d  i n t o  p l a c e  on t h e  t a i l  
vane  arm i m m e d i a t e l y  a f t e r  t h e  t a i l  v a n e  s p a r  was 
b r a z e d  t o  t h i s  arm? ( I f  you w i s h ,  r e f e r  t o  Diagram 5 . )  

How d o e s  t h e  t a i l  vane  k e e p  t h e  t u r b i n e  p o i n t e d  i n t o  
t h e  wind? 

What are t w o  i m p o r t a n t  f a c t o r s  i n  making c e r t a i n  t h e  
t u r b i n e / g e n e r a t o r  assembly  r u n s  f r e e l y ?  

Why is heavy  lamp cord wire u s e d  be tween t h e  j a c k  p l a t e  
and  t h e  l o a d  c o n t r o l  pane l?  

When " l o a d i n g "  t h e  t u r b i n e  w h e e l ,  t h e  s e l ec to r  s w i t c h  is 
p o s i t i o n e d  on " load"  and  t h e  p o t e n t i o m e t e r  l oad  con- 
t r o l  t u r n e d  t o w a r d  number 10.  Can you e x p l a i n  how t h i s  
a c t i o n  makes t h e  g e n e r a t o r  s l o w  t h e  t u r b i n e ?  ( I f  you 
w i s h ,  r e f e r  t o  Diagrams 1 4  and  1 5 . )  

r ~~ 

c 4 

Going Further 

Looking Back 
r i '   ne heart  of t h i s  wind  t u r b i n e  is  t h e  t u r b i n e  

whee l  and  i t s  b l a d e s .  A s  t h e  b l a d e s  " c a t c h "  t h e  
w i n d ,  t h e  t u r b i n e  whee l  r e v o l v e s  and  p r o d u c e s  power.  
The t a i : l  v a n e  a s sembly  k e e p s  t h e  mechanism p o i n t e d  
i n t o  t h e  wind .  The f o r k  a s s e m b l y ,  tower mount ,  and  
bench  mount s u p p o r t  t h e  t u r b i n e  w h e e l .  The g e n e r a t o r  
c h a n g e s  t h e  m e c n a n i c a l  ( m o t i o n )  e n e r g y  o f  t h e  t u r b i n e  
i n t o  e l e c t r i c a l  c u r r e n t ,  which  is  t r a n s m i t t e d  t h r o u g h  
c o n d u c t o r s  t o  t h e  l o a d  c o n t r o l  p a n e l .  The micro- 
s w i t c h  c o u n t s  t h e  t u r b i n e ' s  r e v o l u t i o n s  and  t h i s  
i n f o r m a t i o n  i s  t r a n s m i t t e d  t o  t h e  c a l c u l a t o r  c o u n t e r ,  
which  d i s p l a y s  i t .  

The a d d i t i o n  o f  a load p a n e l  p e r m i t s  u s  t o  " t r y  
o u t "  t h e  b i c y c l e  w h e e l  wind  t u r b i n e .  With t h e  l o a d  
p a n e l ,  y o u ' l l  b e  a b l e  t o  s i m u l a t e  some of  t h e  a c t u a l  
o p e r a t i n g  c o n d i t i o n s  o f  an  e l e c t r i c a l - g e n e r a t i n g  
wind t u r b i n e .  Y o u ' l l  l e a r n  a b o u t  some o f  t h e  
c h a r a c t e r i s t i c s  common t o  a l l  wind  t u r b i n e s .  

Use tile n e x t  t w o  a c t i v i t i e s  t o  " t r y  o u t ' '  y o u r  b i c y c l e  whee l  
wind t u r b i n e .  The f i r s t  a c t i v i t y  i n v e s t i g a t e s  t h e  e f f e c t  
of i n c r e a s e d  l o a d  upon t h e  t u r b i n e  RPM. The s e c o n d  ac t i -  
v i t y  i n v e s t i g a t e s  t n e  power p o t e n t i a l  o f  t h e  t u r b i n e /  
genera tor .  
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A Bicyclewheel Wind Turbine 
Suggested Grade Level and Skill Area 

9-12 I n d u s t r i a l  A r t s  
General  Shop 
Metalworking 
A 1  t e m a t  i v e  Energy f Ener gy Techno logy 

Skill Objectives 
The c o n s t r u c t i o n  of a h o r i z o n t a l  a x i s ,  e l e c t r i c i t y -  
g e n e r a t i n g  wind t u r b i n e  

Adjustment of  t h e  t u r b i n e  t o  produce smooth, f r i c t i o n -  
f r e e  o p e r a t i o n  

Connect ion of l o a d s  and measuring i n s t r u m e n t s  t o  t h e  
t u r b i n e  

Content 0 bject ives 
The b icyc le-wheel  wind t u r b i n e  i s  an  example of a 
h o r i z o n t a l  a x i s ,  e l e c t r i c i t y - g e n e r a t i n g  wind machine. 

A t a i l  vane p r o v i d e s  l i f t  and keeps  t h e  t u r b i n e  
p e r p e n d i c u l a r  t o  t h e  d i r e c t i o n  of  t h e  wind. 

The t u r b i n e  b l a d e s  are c o n s t r u c t e d  from b i c y c l e  wheel 
spokes  which appear  a lmost  p a r a l l e l  when viewed from 
f r o n t  o r  back .  

Impor tan t  f a c t o r s  i n  e n s u r i n g  t h e  free t u r n i n g  of  t h e  
t u r b i n e - g e n e r a t o r  assembly a r e  t h e  g e n e r a t o r  and d r i v e  
wheel  a l ignmen t ,  t h e  s p r i n g  t e n s i o n  on t h e  t u r b i n e  r i m ,  
and t h e  ease w i t h  w h i c h  t h e  t u r b i n e  wheel s p i n s  on i t s  
b a l l  b e a r i n g s .  

The b i c y c l e  wheel  wind t u r b i n e  can be in s t rumen ted  t o  
i n v e s t i g a t e  t h e  p r i n c i p l e s  of  o p e r a t i o n  common t o  a l l  
wind e l e c t r i c  sys tems.  

\ / 

Background 
The w i n d ' s  energy  o r i g i n a t e s  from t h e  sun .  A s  t h e  s u n ' s  r a d i a t i o n  

r eaches  t h e  e a r t h ,  t h e  r a y s  s t r i k e  more d i r e c t l y  a t  t h e  e q u a t o r  t h a n  a t  
t h e  p o l e s ,  c a u s i n g  t h e  e a r t h ' s  s u r f a c e  a t  t h e  e q u a t o r  t o  abso rb  more 
h e a t .  Th i s  h e a t  i s  t r a n s f e r r e d  t o  t h e  a i r  above t h e  e q u a t o r ' s  s u r f a c e .  
The h e a t e d  e q u a t o r i a l  a i r  expands and rises, and i s  r e p l a c e d  by d e n s e r ,  
c o o l e r  p o l a r  a i r .  
r o t a t i o n  on i t s  a x i s ,  i s  how t h e  g l o b a l  a i r  c u r r e n t s ,  o r  "winds", a r e  
produced.  

I n  s i m p l e s t  terms, t h i s ,  coupled w i t h  t h e  e a r t h ' s  
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Wind i s  an i n d i r e c t  form of  s o l a r  ene rgy ,  and accoun t s  f o r  o n l y  1% 
of t h e  e m r g y  s u p p l i e d  t o  t h e  e a r t h  by t h e  sun.  However, i f  w e  cou ld  
conve r t  ag t h e  energy a v a i l a b l e  from t h e  wind i n t o  e l e c t r i c i t y ,  w e  could 
p r o v i d e  more t h a n  1,000 t i m e s  t h e  e l e c t r i c i t y  now produced by t h e  United 
S t a t e s .  

Windmills have been used f o r  many c e n t u r i e s  t o  pump water and g r i n d  
Wind machines were a s i g n i f i c a n t  f a c t o r  i n  t h e  r a p i d  s e t t l i n g  o f  g r a i n .  

t h e  American West. I n  t h e  l a t e  1800's ,  one t r a v e l l e r  r e p o r t e d  t h a t  t h e  
p r a i r i e  Wi3S p r a c t i c a l l y  a l ive  w i t h  windmi l l s .  But,  w i t h  t h e  advent  of 
t h e  e r a  oE "cheap" f o s s i l  f u e l  energy i n  t h e  1 9 4 0 ' s ,  t h e s e  windmi l l s  f e l l  
i n t o  d i s u s e .  A s  ene rgy  p r i c e s  e s c a l a t e ,  however, t h e r e  i s  renewed 
i n t e r e s t  fin t h e  ene rgy  of  t h e  wind. 

A wind turbine has one of two common p r o p e l l e r  orientations. In a 

The p r o p e l l e r  can be 
h o r i z o n t a l  s h a f t  wind machine, t h e  p r o p e l l e r  i s  on a h o r i z o n t a l  s h a f t  
which moves i n  a p l a n e  p e r p e n d i c u l a r  t o  t h e  wind. 
two, t h r e e ,  o r  m u l t i b l a d e d ,  w i t h  b l a d e s  composed of  wood, m e t a l ,  o r  
f i b e r g l a s s .  A vane keeps t h e  p r o p e l l e r  f a c i n g  i n t o  t h e  wind. 

The v e r t i c a l  s h a f t  t u r b i n e  h a s  a r o t o r  mounted on a v e r t i c a l  s h a f t  
o r  a x i s ,  w i t h  t h e  wind-catching s u r f a c e  moving i n  t h e  d i r e c t i o n  o f  t h e  
wind. These machines can t h u s  a c c e p t  wind from any d i r e c t i o n .  

E l e c t r i c i t y - g e n e r a t i n g  wind machines are u s u a l l y  des igned  t o  u t i l i z e  
winds between 10 and 25 mph. The f o r c e  of t h e  t u r n i n g  r o t o r  t u r n s  t h e  
a rma tu re  o f  t h e  g e n e r a t o r .  Modern s m a l l  wind machines g e n e r a l l y  o p e r a t e  
a t  a n  o v e r a l l  e f f i c i e n c y  of between 40% and 45%,  and produce from 200 t o  
6000 w a t t s .  

For a l l  wind machines,  one of t h e  most s e r i o u s  problems i s  energy 
s t o r a g e .  Research i s  c o n t i n u i n g  on such means of s t o r a g e  as b a t t e r y  banks,  
h e a t i n g  s t o n e s  o r  water, e l e c t r o l y s i s  of  water t o  produce hydrogen f o r  f u e l  
c e l l s ,  f l y w h e e l s ,  pumped water, and compressed a i r .  Of c o u r s e ,  t h e  e l e c -  
t r i c  u t i l i t y  i t s e l f  can serve a s  a means of  s t o r a g e ,  w i t h  e x c e s s  e l e c t r i c i t y  
fed  i n t o  t h e  power g r i d  ( runn ing  t h e  meter backwards) and e l e c t r i c i t y  drawn 
from t h e  g r i d  when t h e r e  i s  a s h o r t a g e .  

I n  t h i s  a c t i v i t y  s t u d e n t s  w i l l  c o n s t r u c t  a n  o p e r a t i n g  model of a 
h o r i z o n t a l  a x i s ,  e l e c t r i c i t y - g e n e r a t i n g  wind t u r b i n e .  I n  l a t e r  a c t i v i t i e s  
t hey  w i l l  tes t  t h i s  wind t u r b i n e  under a c t u a l  o p e r a t i n g  c o n d i t i o n s  t o  
de t e rmine  t h e  p r i n c i p l e s  i nvo lved  i n  g e n e r a t i n g  e l e c t r i c i t y  from t h e  wind. 

Advance Planning 
Obta in  t h e  f o l l o w i n g  items 1 o r  2 weeks i n  advance, e x c e p t  a s  n o t e d .  

From a b i c y c l e  shop: 

27" b i c y c l e  wheel ,  f o r k  and frame assembly 

n 



From a hobby shop: 
balsa wood 1/16" x 1" x 36" (5 pieces) 
epoxy 
X-acto knife 
cyano-acrylate glue ("Super-Jet'' is recommended) 
generator drive wheel - 1 / 2 "  dia. model wheel ("Perfect Products") 
music wire - 3/32"  
brass tubing - 1 / 8 "  O.D. 
brass plate .020 thick 

From an electrical supplier: 
microswitch - miniature, lever type 
nylon tie strips - 6" 
single conductor jack - 6 assemblies 
speaker wire - 8-10' 
lamp cord wire - 8-10' 
double conductor jack 
push button, miniature, on-off 
selector switch - center off DPDT 
toggle switch - SPST (6) 
grain of wheat bulb - 0-3 DC volts ( 6 )  
pointer knob for potentiometer shaft 
aluminum box - 7" x 5" x 3" 
hook-up wire - 16 gauge 
voltmeter - Simpson, 11127, 0-5 DC volts 
ammeter - Simpson, 11125, 0-1 D.V. amps 
potentiometer - wire wound, 25w, 50 ohm 

(The voltmeter, ammeter, and potentiometer should be 
ordered 1-2 months in advance.) 

From the school maintenance department: 
314" electrical conduit - 6' 

From a steel supplier: 
1 / 2 "  steel tubing - 6' 

From a rubber supplier: 
O-ring - 318" O.D. (generator tire) 

From a plastics supplier: 
acrylic pl~astic tubing - 1" O . D .  approx, 3/32" wall 

From Edmund Scientific, 101 E. Gloucester Pike, Barrington, 
N J ,  08007.  
generator - # 4 0 , 8 7 2  
(order 1-2 months in advance) 

From a stationery story: 
dry transfer letters and numbers - black - 1 / 4 "  high 

From the electronics lab: 
printed circuit board 
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Ask s , t uden t s  t o  b r i n g  i n  o l d ,  i n e x p e n s i v e ,  o r  ou t -da ted  c a l c u l a t o r s  
f o r  u se  as p o t e n t i a l  RPM c o u n t e r s .  

Look f o r  many of  t h e  i t e m s  l i s t e d  above i n  s u r p l u s  supp ly  o r  o b t a i n  
from o t h e r  l a b s  and depa r tmen t s  w i t h i n  t h e  schoo l .  Also t r y  t o  u s e  
s c r a p  o r  r e c y c l e d  mater ia l s  as much as p o s s i b l e .  Ask s t u d e n t s  t o  
b r i n g  i n  s c r a p  materials from home. 

The major  expense w i l l  be  f o r  t h e  ammeter and v o l t m e t e r .  To s a v e  
money, t h e s e  may be  found a t  s u r p l u s  s t o r e s  o r  pe rhaps  borrowed from 
t h e  e l e c t r o n i c s  o r  p h y s i c s  l a b .  Simpson meters are sugges t ed  f o r  
t h i s  a c t i v i t y  because  o f  t h e i r  accu racy .  Less expens ive  meters may 
be  s u b s t i t u t e d ,  b u t  w i l l  n o t  have s m a l l  i nc remen t s  i n  v a l u e s .  

The E:dmund S c i e n t i f i c  g e n e r a t o r  l i s t e d  i s  recommended f o r  use .  O the r s  
may n o t  work on t h e  t u r b i n e .  

Suggested Time Allotment 
Balsa b lades lwind  t u r b i n e  assembly 

Fork and t o w e r  mountlbench mount 

T a i l  vane assembly 

Genera to r fmic roswi t ch  assembly 

Ca 1 c u l a  t o r  / re vo 1 u t i  on s coun t  e r 

Load c o n t r o l  p a n e l  

8 hrs .  

5 h r s .  

5 h r s .  

3 h r s .  

1 h r .  

5 h r s .  

27  h r s .  

Suggested Approach 
This  p r o j e c t  can  be  used as p a r t  o f  a u n i t  on energy  s o u r c e s .  It  
can  he  used t o  i l l u s t r a t e  e l ec t r i ca l  g e n e r a t i o n ,  t h e  l o a d i n g  o f  
energy  sys t ems ,  o r  changes i n  energy  forms (mechanica l  t o  e l ec t r i ca l  
t o  h e a t  and l i g h t ) .  

S t u d e n t s  can be  d i v i d e d  i n t o  groups and each  group a s s i g n e d  a d i f -  
f e r e n t  p o r t i o n  of  t h e  c o n s t r u c t i o n  p rocedure ,  as i n  a p r o d u c t i o n  
me t h o  d . 
Once th’e a p p a r a t u s  i s  c o n s t r u c t e d ,  i t  can b e  used from year - to-year  
as demons t r a t ion  equipment. 

C o n s t r u c t i o n  of  t h e  wind t u r b i n e  p r o v i d e s  t h e  o p p o r t u n i t y  f o r  
i n s t r u c t i o n  i n  s e v e r a l  s k i l l s .  Demonst ra t ions  and i n s t r u c t i o n  can  
be  g iven  i n  advance as s t u d e n t s  p r e p a r e  t o  per form any of  t h e  
ski1:Ls invo lved  i n  c o n s t r u c t i o n  o f  t h e  wind t u r b i n e .  

, z 
1 

n 



Teachers  i n  o t h e r  s u b j e c t  areas,  e s p e c i a l l y  p h y s i c s  and g e n e r a l  
s c i e n c e ,  w i l l  d e f i n i t e l y  be i n t e r e s t e d  i n  u s i n g  t h e  t u r b i n e  f o r  
demons t r a t ion  o r  performance t e s t i n g .  For i n d u s t r i a l  a r t s  t e a c h e r s  
who do n o t  wish  t o  per form t h e  f o l l o w i n g  two a c t i v i t i e s  i n  t h e i r  
own c l a s s rooms ,  t h e r e  may be  s c i e n c e  t e a c h e r s  who are  i n t e r e s t e d  i n  
t h e  follow-up. 

Precautions 
X-acto knives aiqe extremely sharp. 
proper use.  

Demonstrate t h e i r  

Eye pro tec t ion  should be worn while using cyano-acrylate 
glues.  
adhesives.  An i n s t a n t  bond uiZl occur, which i s  d i f f i -  
c u l t  t o  "unstiek" w i th  almost any material .  Acetone 
works f a i r l y  we l l  as a so l ven t .  

Advise s tudents  not  t o  contact s k i n  w i t h  these 

Observe t h e  standard welding precautions for t h i s  a c t i -  
v i t y :  eye protect ion,  gloves,  aprons, and sh ie lds .  

Points for Discuss ion 
What k i n d  of wind machine i s  a b i c y c l e  wheel  wind t u r b i n e ?  

What are t h e  energy  changes t h a t  occu r  d u r i n g  t h e  t u r b i n e  g e n e r a t o r ' s  
o p e r a t i o n ?  (Mechanical  t o  e l e c t r i c a l  t o  h e a t  and l i g h t . )  

Under loaded  c o n d i t i o n s ,  t h e  t u r b i n e  wheel might  t u r n  a t  130 RPM. 
I ts  e f f e c t i v e  d i a m e t e r  i s  26". The d i ame te r  of  t h e  d r i v e  wheel  i s  
.375". i!ow f a s t  w i l l  t h e  g e n e r a t o r  t u r n ?  

X x = 6 , 9 3 3  RF'M - -  - 26" 
.375" 100 WM 

Why do wind t u r b i n e  b l a d e s  t w i s t ?  (The t i p s  of  t h e  t u r b i n e  b l a d e s  
r e v o l v e  a t  a f a s t e r  speed  t h a n  t h e  r o o t s .  The t i p s  also move f a s t e r  
t h a n  wind speed ,  c a u s i n g  them t o  appea r  t o  b e  approach ing  a t  a f l a t t e r  
a n g l e  t h a n  t h e  t u r b i n e ' s  p l a n e  of  r o t a t i o n .  
s l o w e r  t h a n  t h e  wind speed ,  t h e  r e l a t i v e  wind a p p e a r s  t o  b e  approach ing  
more from t h e  f r o n t  of  t h e  t u r b i n e . )  

With t h e  r o o t s  moving 

Typical Results 

If a l i g n i n g  t h e  g e n e r a t o r  w i t h  t h e  t u r b i n e  f o r  f r i c t i o n - f r e e  
o p e r a t i o n  p roves  a problem, n o t e  t h a t  t h e  g e n e r a t o r  t i r e  (O-ring) 
r i d e s  on t h e  s i d e  o f  t h e  r i m .  S l i g h t  a d j u s t m e n t s  may b e  n e c e s s a r y  
t o  p r e v e n t  t i r e  " scu f f " .  
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The answers  t o  Ques t ions  5 and 6 may need some e x p l a n a t i o n :  

5. Heavy lamp co rd  i s  used i n  t h e  g e n e r a t o r  c i r c u i t  i n  o r d e r  t o  
reduce  I R power l o s s e s ,  which could  be  g r e a t  i n  d i r e c t  c u r r e n t  
c i r c u i t s .  Large  conduc to r s  p rov ide  small r e s i s t a n c e s .  Th i s  
keeps  t h e  p roduc t  o f  1 2 x R  low. 

13y t u r n i n g  t h e  l o a d  p o t e n t i o m e t e r  toward t h e  "10" p o s i t i o n ,  t h e  
r e s i s t a n c e  of  t h e  g e n e r a t o r  c i r c u i t  i s  reduced toward z e r o  ( s e e  
Diagram 15) .  
t o r  c i r c u i t .  S i n c e  e l ec t r i ca l  power i s  e q u a l  t o  c u r r e n t  (amps) 
t i m e s  v o l t a g e ,  t h e  g e n e r a t o r  abso rbs  more power from t h e  t u r b i n e .  
The t u r b i n e  speed  i s  reduced as a r e s u l t ,  and t h e  t u r b i n e  i s  s a i d  
to b e  i n  a "loaded" c o n d i t i o n .  

2 

6. 

T h i s  causes  t h e  c u r r e n t  t o  i n c r e a s e  i n  t h e  genera-  

Eva1 u at i on 
Check t o  make s u r e  s t u d e n t s  have adhered  t o  t h e  dimensions i n  t h e  
t e c h n i c a l  drawings.  

t 

Look f o r  p rope r  use  o f  materials, t o o l s ,  and equipment ,  as w e l l  as 
f o r  adherence  t o  s a f e t y  s t a n d a r d s .  

Eva lua te  t h e  p roduc t  i n  terms o f  c r a f t s m a n s h i p ,  a t t e n t i o n  t o  d e t a i l ,  
and o p e r a t i o n .  

n 
Check t h e  s t u d e n t s '  answers  t o  q u e s t i o n s  f o r  t h e i r  u n d e r s t a n d i n g  o f  
t h e  c o n s t r u c t i o n  procedure .  

Mod if i ca. t i o n s 
To e v a l u a t e  t u r b i n e  per formance ,  a Prony b rake  ( f r i c t i o n  type )  may 
be  s u b s t i t u t e d  f o r  t h e  g e n e r a t o r .  
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Loading the Bicycle 
Wheel Turbine 

Introduction 

You h a v e  j u s t  f i n i s h e d  t h e  
c o n s t r u c t i o n  of a b i c y c l e  whee l  
wind t u r b i n e .  Now i t ' s  t i m e  
t o  f i n d  o u t  now t h i s  t u r b i n e  
o p e r a t e s .  I n  t h i s  a c t i v i t y  you 
w i l l  i n v e s t i g a t e  t h e  r e l a t i o n -  
s h i p  be tween  t h e  s p e e d  o f  t h e  
t u r b i n e  ( i n  r e v o l u t i o n s  p e r  
m i n u t e )  and t h e  l o a d s  i t  i s  
o p e r a t i n g .  

A l o a d  is  any  d e v i c e  whi  
u s e s  e n e r g y .  T h i s  e n e r g y  may 
be i n  m e c h a n i c a l ,  r a d i a n t ,  
t h e r m a l ,  o r  e l e c t r i c a l  form.  
The l i g h t  b u l b s  c o n n e c t e d  t o  , 
y o u r  t u r b i n e  by  a n  e l e c t r i c a l  L r p -  
c i r c u i t  are  e l e c t r i c a l  l o a d s .  ' 

The p o t e n t i o m e t e r  i s  a v a r i a b l e  
e l ec t r i ca l  load which  can be 
se t  t o  s i m u l a t e  s e v e r a l  d i f -  
f e r e n t  load c o n d i t i o n s .  

A l o a d  on an e l e c t r i c a l  
c i r c u i t  c a n  b e  l i k e n e d  t o  t h e  
l o a d  on a car .  When t h e  car  
is  s t a r t e d ,  t h e  e n g i n e  must  b e  
o u t  o f  gear  s o  t h a t  t h e r e  is  
no l o a d  on i t .  T h i s  is much l i k e  t h e  t u r b i n e  when t h e  l i g h t  
b u l b s  a re  t u r n e d  o f f  o r  t h e  p o t e n t i o m e t e r  is se t  a t  0 .  When t h e  
car  acce lera tes ,  t h e  e n g i n e  is  s u b j e c t e d  t o  a h i g h  l o a d .  I n  t h e  
t u r b i n e ,  t h i s  o c c u r s  when t h e  l i g h t  b u l b s  a re  t u r n e d  on o r  t h e  
p o t e n t i o m e t e r  is  s e t  a t  10.  

The l o a d  c o n d i t i o n s  are c o n s t a n t l y  c h a n g i n g  f o r  any e n e r g y  
c o n v e r t e r .  A car is  c o n t i n u a l l y  c h a n g i n g  s p e e d .  I n  an  e l e c t r i -  
c a l  c i r c u i t ,  as o n e  d e v i c e  i s  t u r n e d  o f f ,  o t h e r s  may be t u r n e d  
o n .  The amount o f  work t h e  c o n v e r t e r  d o e s  is c o n s t a n t l y  c h a n g i n g ,  
t oo .  I f  a wind  t u r b i n e  i s  w o r k i n g  h a r d  pumping water o r  g e n e r a t i n g  
e l e c t r i c i t y ,  t h e n  i t ' s  o p e r a t i n g  u n d e r  h i g h  l o a d  c o n d i t i o n s .  But  
i f  i t ' s  w o r k i n g  e a s i l y ,  t h e n  i t ' s  l i g h t l y  l o a d e d .  
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0 bjectives 
A t  t h e  c o m p l e t i o n  of t h i s  a c t i v i t y ,  you s h o u l d  b e  a b l e  

to 

o o p e r a t e  t h e  c a l c u l a t o r / c o u n t e r  t o  d e t e r m i n e  t h e  
wind t u r b i n e ' s  s p e e d  i n  r e v o l u t i o n s  p e r  m i n u t e ,  

o a d j u s t  t h e  l o a d  c o n t r o l  p a n e l  c o r r e c t l y ,  
o co l lec t  and  g r a p h  RPM d a t a  f o r  a l l  l o a d  p o i n t s ,  and 
o d e s c r i b e  t h e  r e l a t i o n s h i p  be tween RPM and l o a d .  

Skills arid Knowledge You Need 
How t o  r e a d  t h e  s e c o n d  hand of a wa tch  o r  c l o c k  
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5.  Make s u r e  t h a t  t h e  s e l e c t o r  s w i t c h  on t h e  l o a d  c o n t r o l  
p a n e l  is t u r n e d  t o  " o f f " .  

6 .  Turn t h e  f a n  s w i t c h  t o  h i g h  s p e e d .  

Caution: Keep f ingers  away from the fan guard and the moving wind 
turbine.  

7 .  A l l o w  t h e  t u r b i n e / g e n e r a t o r  t o  w a r m  up f o r  a b o u t  one  m i n u t e .  

8 .  Turn t h e  s e l e c t o r  s w i t c h  t o  t h e  " load" position. 

9 .  A d j u s t  t h e  l o a d  c o n t r o l  p o t e n t i o m e t e r  t o  maximum l o a d  ( # l o ) .  

Caution: Turn t h i s  control s l o w l y .  Don't allow the m e t e r  needle t o  
"peg" f u l l  scale. I 

1 0 .  Turn  o n  t h e  c a l c u l a t o r / c o u n t e r .  P r e s s  r t + r t  , t h e n  p r e s s  " 6 " .  

11. Allow a t  l ea s t  30 s e c o n d s  f o r  t h e  t u r b i n e / g e n e r a t o r  t o  
s t a b i  1 i z e  . 

1 2 .  S t a r t  t h e  c a l c u l a t o r / c o u n t e r  by  p r e s s i n g  t h e  c o u n t e r  b u t t o n .  
Release a f t e r  exac t ly  10  s e c o n d s  have  p a s s e d .  

13. On t h e  d a t a  t a b l e  p r o v i d e d ,  r e c o r d  t h e  r e v o l u t i o n s  per 
m i n u t e  (RPM) i n d i c a t e d  on t h e  c a l c u l a t o r / c o u n t e r  d i s p l a y .  

14 .  Ze ro  t h e  c a l c u l a t o r / c o u n t e r  by p r e s s i n g  " 0 " .  

15.  P e r f o r m  a s e c o n d  t r i a l  t o  v e r i f y  d a t a .  I f  t h e  s e c o n d  t r i a l  
is n o t  t h e  same as t h e  f i r s t ,  p e r f o r m  t h e  t e s t  a g a i n ,  and 
a v e r a g e  a l l  t h r e e  t r i a l s .  

16. Repeat  S t e p s  11-15 f o r  each of t h e  l o a d  v a l u e s  g i v e n  i n  t h e  
Data T a b l e .  

i 7 .  P l o t  t u r b i n e  RPM v s .  l o a d  on t h e  g r a p h  p r o v i d e d .  

18.  L u b r i c a t e  t h e  t u r b i n e  and g e n e r a t o r  b e a r i n g s  ( 3 - i n - 1  o i l  
works  w e l l )  a f t e r  e v e r y  h a l f  h o u r  o f  o p e r a t i o n .  

Questions 
1. Why is t h e  f a n  u s e d  f o r  t h i s  e x p e r i m e n t ,  r a t h e r  t h a n  

t h e  wind  o u t d o o r s ?  

2 .  Why is t h e  c a l c u l a t o r / c o u n t e r  programmed t o  c o u n t  6 
f o r  e a c h  t u r b i n e  r e v o l u t i o n ?  

3 .  What happens  t o  t u r b i n e  RPM as t h e  l o a d  is d e c r e a s e d ?  
Is  t h i s  a d i r e c t  r e l a t i o n s h i p ,  a n  i n v e r s e  r e l a t i o n s h i p ,  
o r  n o  r e l a t i o n s h i p ?  



4 .  I f  you c o u l d  i n c r e a s e  t h e  l o a d  f u r t h e r  t h a n  t h e  #10 
p o s i t i o n ,  would t h e  g e n e r a t o r  s t a l l  ( s t o p )  t h e  
t u r b i n e ?  

5 .  The re  is a p o i n t  on t h e  RPM sca le  where s m a l l  i n -  
creases i n  l o a d  c a u s e  g r e a t  r e d u c t i o n s  i n  t u r b i n e  
s p e e d .  A t  what  RPM does  t h i s  happen f o r  y o u r  w i n d  
t u r b i n e ?  

6 .  U s e  y o u r  answer  t o  Q u e s t i o n  5 t o  d e t e r m i n e  t h e  r a n g e  
o f  most e f f i c i e n t  t u r b i n e  s p e e d s  f o r  y o u r  wind t u r b i n e .  

Looking Back 
By now, you s h o u l d  have  d i s c o v e r e d  t h a t  when 

y o u r  wind t u r b i n e  was l i g h t l y  l o a d e d ,  t h e  r o t o r  
t u r n e d  a t  h i g h  s p e e d s .  But  when y o u r  t u r b i n e  w a s  
h i g h l y  l o a d e d ,  t h e  t u r b i n e  r e v o l v e d  a t  s l o w  s p e e d s .  
I n  f a c t ,  you s h o u l d  have  been  a b l e  t o  i d e n t i f y  a 
p o i n t  on y o u r  g raph  where  v e r y  s m a l l  increases  i n  
l o a d  c a u s e d  l a r g e  r e d u c t i o n s  i n  t u r b i n e  s p e e d .  

Any e n e r g y  c o n v e r t e r  h a s  a nar row r a n g e  of 
c o n d i t i o n s  ( s p e e d ,  g e n e r a t o r  v o l t a g e ,  wind)  u n d e r  
which i t  p e r f o r m s  b e s t .  For y o u r  wind t u r b i n e ,  
t h e r e  is  a n  optimum o p e r a t i n g  s p e e d  r a n g e .  I f  t h e  
l o a d s  on t h e  t u r b i n e  a r e  t o o  smal l  o r  t o o  g r e a t ,  
t h e  machine  d o e s  n o t  p e r f o r m  e f f i c i e n t l y .  One 
t a s k  f o r  any wind  t u r b i n e  c o n t r o l  s y s t e m  is t o  
keep  t h e  t u r b i n e  f u n c t i o n i n g  w i t h i n  t h e  l o a d  l i m i t s  
t h a t  p r o d u c e  h i g h  p e r f o r m a n c e .  I n  t h e  n e x t  ac t i -  
v i t y  you w i l l  i n v e s t i g a t e  what t h e s e  l o a d  l i m i t s  
a re .  

Going Further 
L i s t  as many l o a d  a p p l i c a t i o n s  as  you can f o r  wind  
t u r b i n e s .  ( H i n t :  What k i n d s  o f  t a s k s  can t h e y  
pe r fo rm?)  

L i s t  t h e  a d v a n t a g e s  and d i s a d v a n t a g e s  o f  u s i n g  wind  
t u r b i n e s  r a t h e r  t h a n  c o n v e n t i o n a l  methods t o  p e r f o r m  
e a c h  o f  t h e  t a s k s  l i s t e d  above .  

I n v e s t i g a t e  t h e  impac t  o f  wind mach ines  on e a c h  o f  
t h e  f o l l o w i n g :  

t h e  u s e  o f  non-renewable  r e s o u r c e s  
t h e  env i ronmen t  
t h e  u s e  o f  l o c a l  ma te r i a l s  
t h e  u s e  o f  l o c a l  s k i l l s  
s e l f - s u f f i c i e n c y  

small-scale and d e c e n t r a l i z e d  t e c h n o l o g y  
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I n v e s t i g a t e  t h e  r e l a t i o n s h i p  between wind  s p e e d  and  
t h e  r e v o l u t i o n s  p e r  i:iinKte o f  your w i n d  t u r b i n e .  

R e s e a r c h  t i p  s p e e d  r a t i o , ,  t h e n  d e t e r m i n e  t h i s  r a t i o  
f o r  y o u r  wind  mach ine .  
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Teacher Information 
Loading the Bicycle WheelTurbine 

Suggested Grade Level and Skill Area 
9-12 I n d u s t r i a l  A r t s  
Power 
Genera l  Shop 
E l e c t r i c i t y  
A l t e r n a t i v e  EnergyIEnergy Technology 

Skill Objectives 

Opera t ing  a c a l c u l a t o r / c o u n t e r  t o  de te rmine  t u r b i n e  RPM 

Opera t ing  a p o t e n t i o m e t e r  t o  s i m u l a t e  l o a d  c o n d i t i o n s  

C o l l e c t i n g  a c c u r a t e  d a t a  

Recording and graphing  d a t a  

I n f e r r i n g  r e l a t i o n s h i p s  from graphed d a t a  

Content Objectives 
A s  t h e  load  on a wind t u r b i n e  i s  dec reased ,  t h e  revolu-  
t i o n s  p e r  minute  ( R P M )  i n c r e a s e .  

Wind t u r b i n e s  per form most e f f i c i e n t l y  w i t h i n  a narrow 
range  of  o p e r a t i n g  speeds .  

A cons tan t -speed  f a n  i s  used i n  t h i s  a c t i v i t y  as a 
c o n t r o l  t o  r e p l a c e  outdoor  wind, which would va ry  from 
moment t o  moment. 

Background 
Energy i s  e x t r a c t e d  from t h e  wind by s lowing  down t h e  a i r .  Energy 

( o r  power) i s  de r ived  from a wind t u r b i n e  by s lowing  down i t s  b l a d e s .  
Many energy  conve r s ions  t a k e  p l a c e  i n  t h i s  p r o c e s s .  The t u r b i n e  c o n v e r t s  
t h e  motion energy  of t h e  a i r  t o  t h e  motion energy  o f  i t s  b l a d e s .  Th i s  
energy ,  i n  t u r n ,  i s  conve r t ed  t o  t h e  motion energy  o f  t h e  s p i n n i n g  
g e n e r a t o r  armature, then  t o  e l e c t r i c a l  energy  i n  t h e  g e n e r a t o r  i t s e l f .  
E l e c t r i c a l  energy  i s  conve r t ed  by t h e  l o a d s  t o  h e a t  o r  l i g h t ,  o r  even 
back t o  motion energy .  

The p o t e n t i o m e t e r  on t h e  l o a d  c o n t r o l  p a n e l  v a r i e s  t h e  r e s i s t a n c e  
w i t h i n  t h e  g e n e r a t o r  c i r c u i t .  A s  t h e  p o t e n t i o m e t e r  v a l u e  i s  i n c r e a s e d  
from 0 t o  10, i t s  r e s i s t a n c e  d e c r e a s e s .  A s  t h e  r e s i s t a n c e  d e c r e a s e s ,  more 
c u r r e n t  f lows  through t h e  c i r c u i t ,  s imulat’ ing more l o a d  on t h e  t u r b i n e .  

A s  more c u r r e n t  f lo i i s  th rough t h e  g e n e r a t o r  c i r c u i t ,  more power i s  
e x t r a c t e d  from t h e  wind machine. A s  t h i s  happens,  t h e  speed  (RPM) o f  t h e  
machine d e c r e a s e s .  The r e l a t i o n s h i p  between load  and W M ,  t h e n ,  i s  a n  
inverse one. 
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A f a n  i s  used i n  t h i s  a c t i v i t y  t o  p r o v i d e  a wind t h a t  i s  c o n s t a n t  i n  
v e l o c i t y .  Ou t s ide  winds a r e  unsteady and r a r e l y  m a i n t a i n  a c o n s t a n t  
v e l o c i t y  f o r  more than  a few seconds.  

Advance Planning 
D u p l i c a t e  d a t a  s h e e t s  ahead of t i m e .  

Make c e r t a i n  a l l  equipment i s  o p e r a t i o n a l :  
t h e  l o a d  c o n t r o l  p a n e l ,  t h e  c a l c u l a t o r / c o u n t e r ,  and t h e  e l ec t r i c  fan .  

t h e  t u r b i n e l g e n e r a t o r ,  

Suggested Time Allotment 
One c:Lass p e r i o d  

Suggested Approach 
Prov ide  i n s t r u c t i o n  t o  s t u d e n t s  on t h e  concep t s  of l o a d  and work. 

T h i s  a c t i v i t y  may be performed by 2 o r  3 s t u d e n t s  a t  a t i m e .  When 
one group comple tes  i t s  data c o l l e c t i o n ,  a n o t h e r  group may proceed. 

1 Precautions 
Warn students  not  t o  s t i c k  f ingers  through the fan guard, 
or i n t o  the  moving turbine uheel .  

Poi n ts f o r Discuss ion 
How does t h e  p o t e n t i o m e t e r  f u n c t i o n  i n  t h e  g e n e r a t o r  c i r c u i t ?  How 
does changing t h e  p o t e n t i o m e t e r  v a l u e  s i m u l a t e  l o a d i n g  t h e  t u r b i n e  
g e n e r a t o r ?  

A f t e r  a c e r t a i n  p o i n t ,  why does t u r b i n e  speed d e c r e a s e  r a p i d l y  w i t h  
s m a l l  i n c r e a s e s  i n  l o a d ?  

Why does a wind t u r b i n e  have a narrow range  of optimum o p e r a t i n g  speeds?  

Typical Results 

A t y p i c a l  graph 
i s  shown a t  t h e  
speed i s  1 4  mph. 

of l o a d  
r i g h t .  

vs. RPM 
The wind 

2, \ 
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Eva1 u at i on 
Observe your students' ability to follow instructions and to work 
with one another. 

Collect and review the data and graph. Was the activity carried 
through carefully? Can conclusions be drawn from the data collected? 

Check students' answers to activity questions. 

Ref e re nces 
Electric'Power From the Wind, Henry Clews. 

(Solar Wind Publications, Norwich, VT, 1974, $2.00.) 

Harnessing the Wind for Home Energy, Dermot McGuigan. 
(Garden Way Publishing, Charlotte, VT, 05445, 1978, $4.95.) 

Home Energy For the Eighties, Ralph Wolfe & Peter Clegg. 
(Garden Way Publishing, Charlotte, VT, 05445, 1979, $10.95/paper.) 

Wind, Making It Work For You, Douglas R. Coonley. 
(The Franklin Institute Press, Box 2266, Philadelphia, PA, 19103, 
1979 ,  $7.95/paper.) 
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D R A F T  

Power From th 
Bicycle Wheel 
Turbine 

' Introduction 
I n  t h e  p r e v i o u s  a c t i v i t y  

you i n v e s t i g a t e d  t h e  r e l a t i o n -  
s h i p  of t h e  l o a d  on a wind  
t u r b i n e  t o  i t s  r e v o l u t i o n s  p e r  
m i n u t e .  But u n d e r  t h e s e  l o a d e d  
c o n d i t i o n s ,  how much e l e c t r i c a l  
power can y o u r  b i c y c l e  whee l  
t u r b i n e  a c t u a l l y  p r o d u c e ?  A t  
what l o a d  ( v o l t a g e )  d o e s  t h i s  
maximum power o c c u r ?  

The power o f  a machine  is 
t h e  r a t e  a t  which  i t  c a n  do 
work.  But i n  e l e c t r i c a l  t e r m s ,  
power is a l s o  e q u a l  t o  t h e  amperage o f  a c u r r e n t  times i t s  
v o l t a g e .  Power ( i n  w a t t s )  = amps x v o l t s .  

Your b i c y c l e  whee l  t u r b i n e  h a s  a d i a m e t e r  of 27  i n c h e s  o r  
2 . 2 5  f e e t .  The power a v a i l a b l e  t o  i t  f rom t h e  wind c a n  b e  d e t e r -  
mined by t h e  f o r m u l a  

Power = .004 D2 V3 I 
where  D = p r o p e l l e r  d i a m e t e r  and V = wind s p e e d .  T h e r e f o r e ,  i n  a 
14 mph w i n d ,  t h e  power a v a i l a b l e  t o  y o u r  wind t u r b i n e  is  5 5 . 5  
wa t t s .  

But w i l l  y o u r  b i c y c l e  whee l  t - u r b i n e  a c t u a l l y  d e l i v e r  t h i s  
much power? The o n l y  way t o  f i n d  o u t  is t o  t e s t  i t .  I n  t h i s  
a c t i v i t y  you w i l l  l o a d  your  t u r b i n e  t o  d e t e r m i n e  t h e  maximum power 
i t  can  p r o d u c e ,  a l s o  c a l l e d  i t s  peak  power o u t p u t .  Y o u ' l l  a l s o  
d e t e r m i n e  t h e  number o f  l i g h t  b u l b s  t h a t  w i l l  p r o d u c e  t h i s  same 
peak  l o a d  c o n d i t i o n .  



I' 

~ 

10-2 

0 b jectives 

A t  t h e  c o m p l e t i o n  of  t h i s  a c t i v i t y ,  you s h o u l d  b e  a b l e  t o  

o g r a p h  t h e  r e l a t i o n s h i p  between power and v o l t a g e  f o r  
t h e  b i c y c l e  wheel  wind t u r b i n e / g e n e r a t o r ,  

o f i n d  t h e  t u r b i n e / g e n e r a t o r ' s  peak  power ( i n  w a t t s )  
a n d  t h e  v o l t a g e  a t  w h i c h  t h i s  o c c u r s ,  and  

o d e t e r m i n e  t h e  number of  l i g h t  b u l b s  which d u p l i c a t e  
t h e  t u r b i n e / g e n e r a t o r ' s  peak  power l o a d  c o n d i t i o n s .  

Skills and Knowledge You Need 
Reading a v o l t m e t e r  and a m m e t e r  
O p e r a t i n g  t h e  c a l c u l a t o r / c o u n t e r  
Graphing c o l l e c t e d  d a t a  

Material!; and Equipment 
l o a d  c o n t r o l  p a n e l  

c a l c : u l a t o r / c o u n t e r  
t . u r b i n e  / g e n e r a t o r  assembly  
w a t c h  o r  l a b  c l o c k  w i t h  second  hand 
e l ec t r i c  f a n  

Procedure 

1. O b t a i n  t h e  l o a d  c o n t r o l  p a n e l  
and  t h e  c a l c u l a t o r / c o u n t e r .  

2 .  P l u g  t h e s e  u n i t s  i n t o  t h e  j a c k  
p a n e l  of t h e  t u r b i n e / g e n e _ r a t o r .  

3. P l a c e  t h e  f a n  o n e  f o o t  away from 
t h e  t u r b i n e .  

4 .  Make s u r e  t h a t  t h e  bench  mount 
c lamp is  s e c u r e d  t i g h t l y  t o  t h e  
bench t o p .  

5. Make s u r e  t h a t  t h e  s e l e c t o r  
s w i t c h  on t h e  l o a d  c o n t r o l  p a n e l  
i s  t u r n e d  t o  " o f f " .  

6 .  Turn t h e  f a n  s w i t c h  t o  h i g h  s p e e d .  

Cmtion:  Keep f ingers  away from the fan  guard and the moving wind turbine.  c-- 
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7 .  Allow t h e  t u r b i n e / g e n e r a t o r  t o  w a r m  up f o r  a b o u t  one  

m i n u t e .  

8. T u r n  t h e  s e l e c t o r  s w i t c n  t o  t h e  " l o a d "  p o s i t i o n .  

9 .  A d j u s t  t h e  l o a d  c o n t r o l  p o t e n t i o m e t e r  t oward  t h e  
maximum s e t t i n g ,  u n t i l  t h e  v o l t m e t e r  r e a d s  . 2  v o l t s .  

C a u t i o n :  Move t h e  l o a d  c o n t r o l  s louZy  s o  t h e  ammeter  
n e e d l e  d o e s  n o t  f r p e g r r  t o  fuZZ s c a l e .  

o t e :  Remember t o  l u b r i c a t e  t h e  t u r b i n e  and g e n e r a t o r  
b e a r i n g s  a f t e r  e a c h  1/2 hour  of o p e r a t i o n . )  

20. T u r n  on t h e  c a l c u l a t o r / c * o u n t e r ,  p r e s s  l l + l r  , t h e n  
p r e s s  " 6 " .  

21.  Turn t h e  se lec tor  s w i t c h  t o  t h e  " l o a d "  p o s i t i o n .  

2 2 .  A d j u s t  t h e  l o a d  c o n t r o l  t o  t h e  v o l t a g e  where t h e  maxi- 
mum power is p roduced .  

23 .  Allow t h e  t u r b i n e / g e n e r a t o r  t o  s t a b i l i z e  f o r  a b o u t  
30 s e c o n d s .  

10. 

11. 

12 .  

1 3 .  

14. 

15. 

16. 

17. 

18. 

19. 

Allow t h e  t u r b i n e / g e n e r a t o r  t o  s t a b i l i z e  f o r  abou t  
30 seconds. 

Record t h e  amperage i n  Data T a b l e  1. 

U s e  t h e  p o t e n t i o m e t e r  t o  increase  t h e  v o l t a g e  by . 2 .  
Allow t h e  t u r b i n e / g e n e r a t o r  t o  s t a b . i l i z e ,  t h e n  r e c o r d  
t h e  amperage i n  Data T a b l e  1. 

Repeat  S t e p  1 2  u n t i l  t h e  maximum v o l t a g e  is  r e a c h e d .  

T u r n  t h e  f a n  o f f .  

C a l c u l a t e  t h e  t u r b i n e / g e n e r a t o r ' s  power by m u l t i -  
p l y i n g  e a c h  v o l t a g e  by each amperage.  For  example ,  

. 2  v o l t s  x . 5  amps = .1 w a t t s  of power.  
Record u n d e r  "watts" i n  Data T a b l e  1. 

P l o t  g e n e r a t o r  v o l t a g e  v s .  w a t t s  on t h e  g r a p h  p r o v i d e d .  

A n s w e r  q u e s t i o n  #1 i n  t h e  Q u e s t i o n  s e c t i o n .  

R e t u r n  t h e  s e l e c t o r  s w i t c h  on t h e  load  c o n t r o l  p a n e l  
t o  t h e  ' ' o f f ' '  p o s i t i o n .  Restar t  t h e  f a n  i n  t h e  h i g h  
s p e e d  p o s i t i o n .  

Allow t h e  u n i t  ( t u r b i n e / g e n e r a t o r )  t o  w a r m  up f o r  abou t  
one  m i n u t e .  
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24 .  S t a r t  t h e  c a l c u l a t o r / c o u n t e r  by p r e s s i n g  t h e  c o u n t e r  
b u t t o n .  Release a f t e r  e x a c t l y  10 s e c o n d s  have  p a s s e d .  

25 .  Answer q u e s t i o n  i12 i n  t h e  Q u e s t i o n  s e c t i o n .  

26 .  Turn t h e  s e l e c t o r  s w i t c h  t o  t h e  "bu lb"  p o s i t i o n .  

27 .  Turn on i n d i v i d u a l  load b u l b s  one  a t  a t i m e ,  e a c h  
t i m e  r e c o r d i n g  t h e  v o l t a g e  i n  Data T a b l e  2 .  

2 8 .  Turn t h e  f a n  o f f .  

29.  Answer  q u e s t i o n  #3 i n  t h e  Q u e s t i o n  s e c t i o n .  

30. C a r e f u l l y  r e t u r n  a l l  c o n t r o l  knobs t o  t h e i r  o r i g i n a l  
p o s i t i o n s .  

Question!; 

1. U t  w h a t  v o l t a g e  does  t h e  t u r b i n e / g e n e r a t o r ' s  maximum 
power ( w a t t  a g e )  occur? 

2.  A t  what t u r b i n e  RPM does  t h e  maximum power o c c u r ?  

3 .  How many l i g h t  b u l b s  were r e q u i r e d  t o  p r o d u c e  t h e  
v o l t a g e  t h a t  i n d i c a t e s  maximum power i s  b e i n g  p roduced?  

4 .  Why is  i t  d e s i r a b l e  t o  o p e r a t e  t h e  t u r b i n e / g e n e r a t o r  
a t  peak  power ( i t s  maximum power p o i n t ) ?  

5 .  Why is it  i m p o r t a n t  t o  know t h e  o p e r a t i n g  c h a r a c -  
t e r i s t i c s  o f  any e n e r g y - c o n v e r t i n g  s y s t e m ?  

6 .  How many w a t t s  o f  e l e c t r i c a l  power were p roduced  a t  
t h e  t u r b i n e / g e n e r a t o r ' s  peak  power? 

F 

Looking E%ack 
Wincl m a c h i n e s  ' d e s i g n s  v a r y ,  as d o e s  t h e  power 

t h e y  can  p r o d u c e  from t h e  wind .  Some wind  machines  
are more e f f i c i e n t  t h a n  o t h e r s ,  b u t  a l l  have  a r a n g e  
o f  c o n d i t i o n s  u n d e r  which t h e y  p e r f o r m  b e s t .  

You h a v e  found  t h e  g e n e r a t o r  v o l t a g e s  a t  which 
y o u r  wind  t u r b i n e  f u n c t i o n s  most e f f i c i e n t l y ,  and 
you h a v e  d e t e r m i n e d  t h e  peak  power t h a t  y o u r  t u r b i n e  
w i l l  p r o d u c e  a t  t h e  f a n ' s  h i g h e s t  s p e e d .  You h a v e  
a l s o  found  t h e  number o f  l i g h t  b u l b s  which p r o d u c e  
peak  power o u t p u t .  These  l i g h t  b u l b s  r e p r e s e n t  t h e  
most e f f i c i e n t  l o a d  f o r  y o u r  t u r b i n e  a t  t h e  f a n ' s  
h i g h e s t  s p e e d .  

Wind mach ines  f u n c t i o n  bes t  w i t h i n  a na r row 
r a n g e  o f  o p e r a t i n g  s p e e d s .  I f  l o a d s  are  t o o  l i t t l e  

n 



o r  t o o  g r e a t ,  t h e  machine  d o e s  n o t  p e r f o r m  e f f i -  
c i e n t l y .  You o b s e r v e d  t h i s  when you  o p e r a t e d  t h e  
l i g h t  b u l b s  on t h e  l o a d  c o n t r o l  p a n e l .  When t o o  
many b u l b s  were t u r n e d  o n ,  t h e  t u r b i n e  r e v o l v e d  
s l o w l y  and t h e  b u l b s  were dim.  When too  f e w  b u l b s  
were t u r n e d  o n ,  t h e  t u r b i n e  o p e r a t e d  a t  a h i g h  
s p e e d  t h a t  d i d  n o t  p r o d u c e  i ts  maximum power.  I n  
t h e  o p e r a t i o n  o f  a n y  wind mach ine ,  t h e  p u r p o s e  is  
t o  k e e p  i t  o p e r a t i n g  w i t h i n  t h e  l o a d  l i m i t s  t h a t  
produce maximum p e r f o r m a n c e .  

Going Fur ther  

1 

Xesea rch  p e r f o r m a n c e  d a t a  s u p p l i e d  by v a r i o u s  wind 
machine  d e a l e r s .  One good s o u r c e  is  A Guide  t o  Commer- 
c i a l l y  A v a i l a b l e  Wind Machines  (REP-2836/3533/78/3) ,  
N a t i o n a l  T e c h n i c a l  I n f o r m a t i o n  S e r v i c e ,  U .  S .  DeDartment 
of Commerce, S p r i n g f i e l d ,  V i r g i n i a  22161,  $10.60.  
Compare t h e  p e r f o r m a n c e  d a t a  f o r  t h e s e  v a r i o u s  wind 
e n e r g y  s y s t e m s .  

10-5 

I n v e s t i g a t e  t h e  "cube  l a w " ,  which s t a t e s  t h a t  t h e  power 
d e r i v e d  from t h e  w i n d 3 i s  p r o p o r t i o n a l  t o  t h e  cube  o f  
t h e  wind  s p e e d  ( P  a V ) .  T h i s  means t h a t  s m a l l  increases  
i n  wind s p e e d  p r o d u c e  v e r y  l a r g e  increases  i n  power.  For 
example ,  8 t i m e s  more power is p roduced  i n  a 10 mph wind  
t h a n  i n  a 5 mph wind .  U s e  a hand-he ld  wind-speed  
i n d i c a t o r  t o  d e t e r m i n e  t h e  wind s p e e d s  f rom a v a r i a b l e -  
s p e e d  f a n ,  and t h e n  measure t h e  t u r b i n e / g e n e r a t o r ' s  power 
o u t p u t  a t  t h e s e  v a r i o u s  s p e e d s .  Graph t h e  d a t a  c o l l e c t e d  
t o  see i f  you  can e x p e r i m e n t a l l y  v e r i f y  t h e  "cube  l a w " .  
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Gfap h The Turbine Generator’s Peak Power 
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Teacher Information 
Power From the Bicycle WheelTurbine 

Suggested Grade Level and Skill Area 
9-12 Industrial Arts 
Electricity 
Power 
General Shop 
Alternative EnergyIEnergy Technology 

Skill Objectives 
Using the potentiometer to select voltages on a voltmeter 

Measuring amperage with an ammeter 

Determining wattage by the formula watts = volts x amps 

Recording and graphing data 

Determining the turbine's peak power from graphed data 

Determining the number of light bulbs which will produce 
peak power output 

Operating the calculator/counter to determine turbine 
RPM 

Content 0 bjectives 
The turbine/generator produces a maximum power output, called its 
peak power, which can be determined by finding its wattage (power) 
for varying voltages. 

A given number of operating light bulbs will produce this same 
condition of peak power output. 

The turbine generator operates most efficiently at this peak 
power. 

The turbine generator has a narrow range of operating speeds at 
which it performs most efficiently. 

Background 
This activity investigates the power available from the bicycle 

wheel turbine at a constant wind speed (high speed on an electric fan, 
about 14 mph). 
amperage is measured, and the power output (wattage) is determined. 
From this, the peak power of the turbine can be found, as well as the 
voltages and RPM at which the turbine operates most efficiently. 

The potentiometer is set at varying voltages, the 
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The term "power" is different from the term "energy". Energy is 
the ability to do work, while power is the time rate of doing work. 
The relationship is Power = Work (or Energy)/Time, expressed in watts. 
Students will experimentally determine the power produced by the wind 
turbine, but they will do so by determining the power delivered to an 
electric circuit by the generator, using Power = Volts x Amps. To find 
the energy that a wind turbine can deliver over time, the formula can 
be expressed as Energy = Power x Time. 

There are three factors which influence a wind turbine's performance 
(power output). 
and the density of the ambient air. For our purposes the density of 
air can be considered a constant (.08 lb/ft3). 
act according to the formula 

They are the wind velocity, the diameter of the rotor, 

The three factors inter- 

P = .004 D2V3 

where P = Power, D = rotor diameter (in feet), V = wind speed (in mph), and 
,004 = a constant, correcting for air density and conversion to watts. 

For example, the wind power available (in watts) to a 10 foot diameter 
turbine in a 20 mph wind can be calculated as follows: 

P = .004 D2V3 

P = 3200 watts or 3.2 kilowatts 

Once the  power available from the wind is known, the system's overall 
efficiency can easily be calculated. 

x 100 system output 
system input Efficiency = 

The system input is the power available from the wind, and the system 
output is the actual power derived from the turbine/generator (which the 
students c:alculate). 
highest operating efficiency at peak power. 

The turbine/generator will always produce the 

In order to obtain results similar to those reported in the typical 
results section, an electric fan which delivers an average wind speed of 
14 mph should be used. A pocket wind meter (Edmund Scientific, $9.95) can 
be used to1 determine the fan's wind speed. 

Advance Planning 

Duplicate the data sheets ahead of time. 

n 

Make certain all equipment is operational: 
the load control panel, the calculator/counter, and the electric fan. 

the turbine/generator, 



Suggested Time Allotment 
One t o  two c lass  p e r i o d s  

Suggested Approach 
Prov ide  background i n f o r m a t i o n  t o  s t u d e n t s  on t h e  r e l a t i o n s h i p  
between ene rgy ,  work, and power. Give i n s t r u c t i o n  on how t o  
c a l c u l a t e  power and g i v e  a few examples. 

T h i s  a c t i v i t y  may be  performed by 2 o r  3 s t u d e n t s  a t  a t i m e .  
When one group completes  i t s  d a t a  c o l l e c t i o n ,  a n o t h e r  group 
may proceed.  

~~ 

Precautions 
Warn students  not t o  s t i c k  f ingers  through the  fan guard or i n t o  i the  moving t w b i n e  wheel. 

Points f o r Discuss ion 
What i s  t h e  r e l a t i o n s h i p  between power and energy? 

What i s  meant by t h e  term "peak power"? 

What t h r e e  f a c t o r s  i n f l u e n c e  t h e  power a v a i l a b l e  from t h e  wind? 

Di scuss  B e t z ' s  law, which states t h a t  maximum power (.593 of t h e  
wind ' s  p o t e n t i a l )  i s  d e r i v e d  from t h e  wind when wind speed i s  
slowed t o  1/3 of i t s  i n i t i a l  v e l o c i t y ,  
power from t h e  wind t h e n  becomes P = .0024 D2V3. 

The formula f o r  u s e f u l  

Why do wind t u r b i n e s  pe r fo rm b e s t  w i t h i n  o n l y  a narrow o p e r a t i n g  
speed?  

What f a c t o r s  a f f e c t  t h e  e f f i c i e n c y  of a wind machine i n  c o n v e r t i n g  
wind t o  e l e c t r i c i t y ?  

How i s  t h e  formula f o r  wind power d e r i v e d ?  (Energy from Na tu re  
t o  Man g i v e s  d e t a i l e d  i n f o r m a t i o n . )  

Typical Results 
T y p i c a l  r e s u l t s  a r e  shown on - 
t h e  graph. 

0 2 4 6 8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 26 2.8 2 9  3.0 

The Turbine Generator's Peak Power 
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Eva I u at i o n n 
Observe your students' ability to follow instructions and work with 
one *another. 

Collect and review the data and graphs. Was the activity carried 
through carefully? Can conclusions be drawn from the data col- 
l ' eC  t 12d? 

Modifications 

Repeat the activity for different wind speeds to determine the 
peak power available from the turbine as a function of wind speed. 

References 

E1ect:rh Power From the Wind, Henry clews. 
(Solar Wind Publications, Norwich, VT, 97 Y $  

Energy From Nature t o  Man, William C. Reynolds. 
(McGraw-Hill, 1221 Avenue of the Americas, New York, NY, 10020, 
1974.) 

Harnessing the Wind for Home Energy, Dermot McGuigan. 
(Garden Way Publishing, Charlotte, VT 05445, 1978, $4.95.) 

Home Energy for the Eighties, Ralph Wolfe & Peter Clegg. 
(Garden Way Publishing, Charlotte, VT 05445, 1979, $10.95/paper.) 

Wind, Making It Work For You, Douglas R. Coonley. 
(The Franklin Institute Press, Box 2266, Philadelphia, PA, 19103, 
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