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DISCLAIMER 

1 

I This report was prepared as an account of work sponsored by an agcncy of the United States 
Government. Neither the United S t a b  Government nor any agency thereof, nor any of their 
cmploytes, makes any warranty, express or implied, or assumes any legal liabiity or mponsi- 1 
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b i i y  for the accuracy, completeness, or usefulness of any information, apparatus, product, or 1 
pnnxgs d l s c l d ,  or rep-ts that its use would not infringe privately owned rights. Refer- 1 

once herein to any s-c commercial product, process, or service by trade name, trademark, 
manuhdunr, u otbwilo d m  not nemsorily mntttitute or imply its endommmt, mom- 

. ,? 
mendation, or favoring by the United S t a b  Governm~~t or any agency thereof. views ~ , 

and opinions of authors e x p d  herein do not n d y  state or reflect thosc of the I . I  - 
Jnited States Government or any agency thereof. 
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DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 
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. . This study was undertaken to det.ermine the suitability of ,: 

:using a 'Southeastern home attic :as a' means of reducing the - '.. 
, , energy 'consumption of an electric clothes dryer.. An inexpensive 

duct. (duplicable for $25) was constructed to collect hot attic 
- air from the 'peak of a south facing 'roof 'aria introduce' it into 
the dryer .inlet. ' 1nstrumentation.was .added .to -measure :inlet 
temperatures and operating timeyenergy consumption of 'the dryer. 
Standardized test loads, in addition to norma'l laundry,-were 
observed over the period of one year.: The .heat-on time o f  tge 
dryer testedwas shown to be redLiced .16 to-.35 minutes :per C 
rise in inlet temperatul;e. Iglet temperatures~prod~ced bx the 
attic duct peaked at 56 C(133 F) in May/June and 40 C(104 F) . 

in February.' Based on peak temperatures available between 
- . 2  and 4 pm each month;a potential 20% yearly average . . savings 
could be realized. Economic viability of.the sys'tem, .dependant 
primarily on dryer usage, can be computed using a formula 
derived from the test results and..included in the report. 

. . .  . . . . .  . . . - . . 



OBJECTIVES 

A.  To measure t h e  t y p i c a l  energy consumption of an e l e c t r i c  
c l o t h e s  d r y e r  under a c t u a l  home u s e .  

B.  , To de te rmine  t h e s u i t a b i l i t y  o f  the' s o u t h e a s t e r n  home a t t i c  
. a s  a  sou rce  o f  h'eat f o r  a s s i s t i n g  an e l e c t r i c  c l o t h e s  d r y e r .  

. . . .  . . . - .- .  . . . . . . . . . . . .  
CI . . .  To 'des ign an i n e G e n s i v e ' s y s t &  which can i n t i o d u i e  h o t  a t t i c  

.. a i r  i n t o  t h e  i n l . e t  o f  a ~ i " e l e c t r i c , c l o t h e s  d r y e r .  
. . .  . . . . . . .  . . 

D. To measure t h e  energy sav ings  r e s u l t i n g  from s ~ ~ ~ l ~ i n ~ . ' ~ r e -  
warmed a i r - i n t o  - - .  t h e  . i n l e t ' o f  an  e l e c t r i c  c l o t h e s  d r y e r .  Any 
n e g a t i v e  e f f e c t s  of  o p e r a t i o n  o r  o p e r a t o r  i n t e r f a c e  problems 
should  a l s o  . . .  be 'noted.  . . 

. v . . .  . . 

E. To . de te rmine  - . . . . .  i f  a  ,more. ;expensiv& h o t  a i r  s o l a r  c o l l e c t o r  can  
_ . .- c u t  ene rgx '  consumption of  t h e - a s s i s t e d ,  c lo thes , '  d r y e r  enough . . .  . -  

t o  , o f f s e t  i'ts' h i g h e r  i n i t i a l .  c o s t .  

A. E l e c t r i c  c l o t h e s  d r y e r  

1. Whirlpool  Supreme 
Model LAE 7800A0, S e r i a l  M34205595, S tock  #LAE780. 

2 .  Three ( 3 )  c y c l e s  

- Perma-Press.  
- Regular  
- Timed (no t  used i n  t h i s  s t u d y )  

The f i r s t  two c y c l e s  a r e  marked w i t h  g r a d u a t i o n s  
accord ing  t o  t h e  "degree o f  d ryness"  d e s i r e d .  . 

Numbers were added t o  t h e  g r a d u a t i o n s  t o  a s s i s t  
i n  i d e n t i f y i n g  t h e  s e t t i n g  s e l e c t e d .  Due t o  t h e  
p l a y  i n  t h e  s e l e c t o r  knob, t h e  s e t t i n g  o b t a i n e d  
v a r i e d  up t o  one d i g i t  from t h a t  s e l e c t e d .  Regard- 
l e s s ,  t h e  s e t t i n g .  ob t a ined  was u l t i m a t ' e l y  measured 
by the .  i n s t r u m e n t a t i o n .  

The n a t u r e  o f  t h e  perma-press  and r e g u l a r  c y c l e s  w i l l  
be exp la ined  i n  t h e o r y  of  o p e r a t i o n ,  s e c t i o n  I V .  
The t imed c y c l e  t u r n s  on t h e  h e a t i n g  element f o r  a  
p r e s e t  p e r i o d  of d ry ing .  I t  does n o t  l e n d  i t s e l f  t o  
de te rmin ing  i f  an energy s a v i n g s  has  occu r r ed  because  
of  p r ehea t ed  i n l e t  a i r .  
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SETTING 

Warm/knits 
Medium/perma press 
High/heavy 

. I . Thermostat . . . Thermostat 
- On Below r . - Off Above 

heater disconnected entirely 
40.5 105 - 71-74 160-165 

Temperatures measured with a Fluke digital thermocouple 
at the exhaust filter with no clothes in dryer. - 

The dryer controls are shown insfigure 1. . - .. . -V. ..**:>. 2. . . . , . .  ..*, r:.'. 2; . A. . A?.,' - " ' 
4. 240V 24 amp 5600 watt heating* element. - \ .  

. . , , ig . 5 ; ' .>. :- 
5 .  120-150 cfm blower driven by m&n drive motor. 

. . .  . . . . .  , :,. .-,1:.:a b',:, . . . . . .  :,.*.z -, . . . . . . . .  . . 
. . , F:, >;>?,:.* ;::;. .k.-?.,, t:. - :: . r.: - 

6. .' 1/4 hp'-blbYer and drum : .... drive :.;!:+%. : . .-.. '.motor. ..... .,:  we= and'drive -- 
. .  motor draw 260 watts. .&,. I..-si.:. A , .  :-.;..- I 

-- 
. . . .  . 
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Cycle selector 
"dryness" or cycle time selector 

Start 
button 

I 

Fabric temperature 
selectar 
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escription of Equipment Used (continued) 

7. Modifications to dryer 

Other than instrumentation for test purpose 
modification made to the dryer was an alumi 

- :. extend from the inlet of thk dryer heating 
: the back of the dryer, (See figure 2.) 

s, the 
num du 
elemen 

only 
.ct to 
.t to 
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This duct was contructed of .010 thick aluminum roofing 
valley; formed by hand and held together by ttpopv rivets. 
Care was taken during construction so that the aluminum 
would not come close to the 240 VAC terminals of the 
heating element. It was essential thgt this duct be con- 
structed of metal because of the 300+ F experienced by 
the heating element enclosure. :Steel could also have 
been used. This duct was made just long enough to enable 
insertion into a vertical duct adjacent to the back of 
the dryer. The dimensions of -this duct ,are . . shown in- 
figure 3. - = . ,. - : : - I : , :  :.-:-? L -  .- I '  ' .) -+ - 

- 8 ,  . . . 
.ky** - ----.- -- --- -.- . - - . 

. - . .. 
. . .  FIGURE 3 . . . - -  . . ,  .. , - -. .. . 
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111 Descr ip t ion  of Equipment Used (continued) 

Scraps  of  f i b e r g l a s s  i n s u l a t i o n  were p laced  around wi res  
t o  plug t h e  necessary c l ea rance  ho les  i n  t h e  duct .  Care 
w a s  taken  t o  avoid p lac ing  i n s u l a t i o n  t o o  nea r  t h e  hea t ing  
element enclosure where it  would smolder from t h e  hea t .  

B. A t t i c  Duct . - 
i-. 

An i n s u l a t e d  duct  was =o&struc ted  from a 4 '  X 10 '  s h e e t  of 
. 1 i n c h  t h i c k  duct  board. The f i b e r g l a s s  s h e e t  was notched 

and f o l d e d  f o i l  s i d e  out t o  form an 8 1 / 2 "  X 11 1 / 2 "  ( i n s i d e  
dimensions) duct .  The dimensions were s e l e c t e d  t o  u t i l i z e  
t h e  f u l l  shee t  of materzal ,  produce's duc t  of approximately 
100 s q .  i n .  of c ross  s e c t i o n a l  a r e a ,  and conform t o  t h e  phy- 
s i c a l  c o n s t r a i n t s  of t h e  space involved. 

The bottom of  the  duct was c losed  o f f  and a  h o l e  t h e  s i z e  of  
t h e  aluminum drye r  , i n l e t  duct  ex tens ion  c u t  i n  t h e  s i d e  f a c i n g  
t h e  d r y e r .  An opening i n  t h e  laundry  room c e i l i n g  was c u t  
between t h e  roof t r u s s e s  and t h e  duct  i n s e r t e d  through t h e  
opening u n t i l  it  stood upr igh t  on t h e  laundry  room f l o o r .  A s  
o r i g i n a l l y  configured,  t h e  duct  extended approximately 2 f e e t  
above t h e  c e i l i n g  i n t o  t h e  a t t i c  above. See f i g u r e  4 .  

. - - . . . . - . - - ...-- . 
An 11 1 / 2 "  X 8" f l a p  was c u t  51" from t h e  f l o o r  t o  al low 
opening t h e  duct  t o  t h e  laundry room ..- a i r  when necessary.  

7 .  

This  duc t  was l a t e r  extended b? a s e r i e b  :of duc t s  made of s t y r o -  
foam. A 6 '  X 6'  sheet-  l . . inch t h i c k  was n a i l e d  a c r o s s  t h e  lower 
s i d e  of  t h e  f o u r  2" X. 4' ' -roof.  t r u s s e s  (spaced 24" on c e n t e r )  on , 

t h e  s o u t h  f a c i n g  roof.- The t o p  p a r t  o f . t h i s  space was c losed  
i n  and a  10" X 10" ( i n t e r i o r  dimension) Styrofoam duct  extended 
down from t h e  roof ins ide  of t h e  a t t i c  t o  j o i n  t h e  duct  from t h e  
laundry  room. Although j o i n t s  were s e a l e d  wi th  duct  t a p e ,  t h e  
duc t  work cannot be considered completely . - l e a k  proof .  The duc t  
i s  shown i n  d e t a i l  i n  f i g u r e  5. 

C. S o l a r  A i r  c o l l e c t o r  - d e t a i l s  w i l l  be given i n  s e c t i o n  Xand  
appendix B. 

D. House 

The house i n  which the' r e sea rch  took p l a c e  i s  l o c a t e d  i n  Long- 
wood, F l o r i d a  (northern suberb of  Orlando) a t  2g0.nor th  l a t i t u d e .  
The house i s  of  t y p i c a l  F l o r i d a  c o n s t r u c t i o n  - concre te  block 
w a l l s  on concre te  s l a b  and 2" X 4'' t r u s s  roof .  The roof  is  
vented  by i n t e r m i t t e n t  s o f f i t  v e n t s  between every o t h e r  t r u s s  
and t h r e e  gable  vents .  The l o c a t i o n  o f  t h e  laundry  room and 
d e t a i l s  of  t he  roof s t r u c t u r e  a r e  shown i n  f i g u r e  6 .  A p i c t u r e  
is  shorn  i n  appendix B. .  ' 
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111- Description of Equipment Used (continued) 

E. Instrumentation 

1. Three 3 0 - 1 0 0 ~ ~  mercury .thermometers graduated in 1°c 
increments were used in all air temperature measurements 
except where noted. Generally, the inlet temperature of 
the air in the duct was measured along with any other 
temperature of interest. 

2 .  A dry/wet bulb thermometer set was placed in the garage 
adjacent to the laundry room to monitor humidity con- 
ditions which would normally be encountered by the dryer. 
(instruments 1 and 2 above were purchased from Edmund 
Scientific). 

3. Two 110 VAC.clock timers were wired into the dryer cir- 
cuitry to monitor total fan-on time, cycle duration and, 
indirectly, heater-on time. The circuit of the dryer is 
shown in figure 7. 
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. . . . .  ' . 
I11 Descript ion of Equipment Used (continued) ' . .  ' 

During opera t ion ,  t h e  cyc le  t imer i s  only advanced when 
t h e  hea t ing  element i s  o f f  and f o r - t w o  minutes fol lowing I:.:(: 
t h e  f an  'shut o f f . .  T h e r e f o r e , ' . t h e 6 ' t o t a l  time t h e  hea t ing  
element was on during t h e  opera t ion  of t h e  dryer  i s :  

. . . . . .  . . 
hea t  -on time = fan  time - (cycle  time - 2 min) 

A t  f i r s t ,  a  d i g i t a l  readout 'mechanical  t imer  was used f o r  
t h e  f an  t imer  but was found t o  advance e r r a t i c a l l y .  Both 
fan  and cyc le  t imers  were. s tandard  1 1 0  VAC synchronous 
e l e c t r i c  c locks  . read  t o  the  nearest. hour and minute. . I n  
cases  where extreme accuracy was d e s i r e d , .  t h e  second hand 

. . . . . . .  was a l s o  read .  

4 .  Although an a t tempt  was made t o  use a  Dwyer a i r  flow meter 
t o  measure air flow. i n  t h e  a t t i c  duct ;  t h e  experimenter 
could n o t  produce rep.eatable measurements. No way. of de-  
pendably measuring t h e  a i r  flow', ' in the  system was ever 
found.. The zero flow s u c t i o n ' p r e s s u r e  of t h e  b1,ower was 

. . . . 
. -. " . ' ! .  , '  . . .  measured, however. . . .  .-_ - = _ .  . . - . . , : . . . . . .  - .L . .. . . . .  . . . :  . . . .  . -- 4 . . . * t i  

I .  . . ....... . . . . . . .  
One end of  a  simple watdr : f i l l e d  U 'tube was placed i n  t h e  C.L' ..-. 

- . ."suction of t h e  blower while i n l e t  a i r .  flow was blocked :-.- 

. . . .  completely.  '.,. ... , . .- ,. . I  .. . 
. . .  . . . -..- ,i' ' ..__._.- ..... ."  --.. , ; '/ .: < ..',' ;. - -  _ . . . .,./. 

" .  ..L.s:- -. - 

When t h e  p r o j e c t  was s t a r t e d ,  the . exper imen te r  was. under s e v e r a l  
misconceptions of how an el.ectric"'clothes.'dryer worked. Af te r  
obta in ing  information from v a r i o u s . d r y e r  manufacturers and t ak ing  
measurements, a  c l e a r e r  understanding 'of t h e  opera t ion  of the  
dryer  evolvdd. In  order  t o  p r e d i c t  t h e  e f f e c t  of p re -hea t ing  
t h e  in le t -  a i r . ,  it i s  important  t o  understand how.the d rye r  nor-  
mally func t ions .  . ' . 

. . . . . .  . . .  . . 

The fol lowing d i scuss ion  concerns the  operation:of t h e  perma p r e s s  
or. r e g u l a r  automatic cyc le  of a  c l o t h e s . d r y e r .  Cer ta in  elements 

. .  . . .  w i l l  a l s o  apply t o  a  "timed cycle"  dryer .  .- ;.- : -  . '. - . . . . . . .  . . . . .  . > %  . - 
The d rye r  i s  b e s t  understood. i f  one fol lows t h e  pa th  of t h e  a i r -  

... flow through the  machine. (See f i g u r e  8 .) . - -  . - ..,. . - 
I D 

T ; T and T a re .  t h e  temperatures  of t h e  a i r .  a t  t h e  i n l e t ,  pos t  
h&atiHg elemant,. and a t  t h e  thermostat  r e s p e c t i v e l y .  . . . . . .  

- - ......... . . . . . . . . . . .  . . . . . . . . .  . . - - .- . - 
W1 and W Z a r e t h e  s p e c i f i c  humidi t ies  i n  g ra ins  of water pe r  lb:  of- 
dry  a i r  a t  t h e  i n l e t  and thermostat  r e s p e c t i v e l y .  



FIGURE 8 

DRYER AIR FLOW D I A G M I  AND SYSTEM MODEL 

. . .  
'' :moves through the heater 

* i 
The air flow 

'. box, and then through the inlet manifold into the ! 
drum area. There it absorbs moisture from the clothes and 

I 

passes through the lint filter and finally'is exhausted. 
. . - . '  
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I 
*taken from Whirlpool service 
literature 
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. . E l e c t r i c  Clo thes  Dryer:  Theory ,. . - o f  o p e r a t i o n  ( c o n t i n u e d )  - & - - - - ; *  

. . .  .C ., . :.... f .. . . . . .  " ,  .: ::. ? .;: 2'. ': :. .; : . .-. . :., . . . .  ;... 
and po: '. a r e  t h e  i n l e t  and o u t l e t  a i r  'induced by ti: d r y e r  grower. P i n  i s  lower t h a n  a tmospher ic  p r e s s u r e ,  which 

causes  a  volume V of a i r  t o  f low th rough  t h e  machine every  minute .  
R e s t r i c t i o n  of t h e  blower o u t l e t ' o r  i n l e t  w i l l  reduce t h e  p r e s -  
s u r e  drop and t h u s  t h e  f low o f  a i r  through t h e  machine. (example: 
c logged f i l t e r ,  t oo  long of  a hose  on o u t l e t  s i d e ,  o r  a  r e s t r i c t i o n  

- _ -  i. .: on t h e  i n l e t )  :. .- .: . . . . . . . . . .  . . . .  
. . ,: ' .  - . . . . . . 

s .  
. . _. . 

' .  
M i s  t h e '  w e i g h t  of .  c l o t h e s  when d r y .  : m i s  t h e  weight  o f  wate r  
absorbed by t h e  c l o t h e s  when washed.. -The amount of  wate r  absorbed 
v a r i e s  w i t h  t h e  f a b r i c  t ype .  -.' c o t t o n  .t 'owels may absorb 90% of ' . 

t h e i r  weight  i n  w a t e r . -  S y n t h e t i c  f a b r i c s ' l i k e . n y l o n  o r  p o l y e s t e r  . 
. . .  . * 

absorb  c o n s i d e r a b l y  l e s s  ." - .  / -  : .. _ . . . 

The. s o l e  purpose  of a n  e l e c t r i c  c l o t h e s  . .dryer i s  t o  t a k e ' a  wet 
l oad  of  c l o t h e s  weighing M + m l b s  and ,,remove:. t h e .  mo i s tu re  u n t i l  
t h e  c l o t h e s  r e t u r n  t o  t h e i r  o r i g i n a l . - d r y - w e i g h t  o f  M l b s  and 
" f e e l "  d.ry t o  t h e  pe r son  o p e r a t i n g  t h e  d r y e r .  .. . . 

. . . .  

The f low o f  a i r  can  be fo l lowed  on ; ' psychromet r ic  c h a r t  ( s e e  
f i g u r e  9) f o r  a  t y p i c a l  l o a d  of . t o w e l s . o n ' a  r e g u l a r  c y c l e . '  

,. . - . . - .  . . . . . . . . . .  . . 

. .  Assume t h e  ambient a i r  t empera tu re  i s  8 6 ' ~  ( 3 0 ' ~ )  d ry  bu lb  a n d .  
i:::.. 820F wet bu lb  (85%. RH) . Thi s  i s  a s p e c i f i c  humidity,wi,.:.of 160 ~ k - .  

g r a i n s  o f  mois tu re  per .  pound of  d r y  a i r .  , See p o i n t  1 on f i g u r e  9.. 
.,I. 

This  a i r  becomes he'ated i n  t h e  a t t i c  by c o n t a c t  w i t h  t h e  ho t  so.l& 
hea t ed  roo f .  S ince  no mo i s tu re  i s  added. o r  remov.ed, t h e  a t t i c  .:: 
h e a t e d  a i r  w i l l .  have t h e  same s p e c i f i c .  humidi ty .  I n  t h i s  example,T1= 
114OF d r y  bulb  (45'.s0c) and 8 8 ' ~  wet bu lb .  (Po in t  2 on f i g u r e  9 . )  
A s  t h e  a i r  e n t e r s  t h e  d r y e r ,  it i s  hea t ed  f u r t h e r .  by t h e  h e a t i n g  
e lement ,  a g a i n  w i thou t  mois tu re .  a d d i t i o n  ' o r  .removal.  When t h e  a i r  
e n t e r s  t h e  d r y e r  drum it has  a . t empera tu re , .T  , of  a b o ~ t _ 1 8 0 - 2 2 5 ~ ~  
(82 - 107°C);wl=16~ g;a'ins o f  mo i s tu re  p e r  1 . of d r y . a i r ,  and a 

, _ _ / _  -: . . _ * * .  ..--- 

t 
r e l a t i v e .  humld l ty  o f  ( 7 % .  : .  ( P o i n t .  3  p n  f i g u r e  10 . )  

.... .. . . . . . . .  . .' 
t h e  a i r  pa s s  

e  c l o t h e s  i s  
s i s t e d  somewh 
,urn due t o  t h e  

t h e  mois 
i s  t h e r e f o r e  

e s  over.  . the  
evapora ted  
. a t  by t h e  s 

f a n .  The 
t u r e  from t 

cooled  a s  

. .  ; . . . - .  - ..... ' . ' . r - '  

tumbl ing 'w,etj..clothes, mois tu r  
i n t o  t h e  d r y  air..".?'he evapora t  
l i g h t  n e g a t i v e  p r e s s u r e  e x i s t i  
h e a t  energy needed t o  evapora t  
.he c l o t h e s  . i s  suppli-ed by t h e  
i t . : p a s s e s  ' th rough  .- . ' t h e  drum. 

e  f r  
i o n  
ng i 
e  
a i r ,  

'om 
i s  
n  t h e  -. . 

and 

... -. . , . - - - - - -- -. - . . . .  . . . . .  . . --r.. " - - , . ir . .121--PP*.Z?P-..---.--.-- .-. '.. - .. 

 his evapora t i on  p r o c e s s  t a k e s '  p l a c e  a long  .a c o n s t a n t  wet bu lb  
t empera ture  l i n e  on t h e  psychomet r ic  c h a r t .  I f  t h e  p roces s  
were. complete ,  it would con t inue  t o  t h e  . s a t u r a t i o n  l i n e  and t h e  
' e x i t i n g  a i r  would be s a t u r a t e d  w i t h  w a t e r  vapo r .  (100% RH) 
I n s t e a d ,  t h e  mois t  a i r  l e a v e s  t h e  d r y e r  i n  a  l e s s  t h a n  s a t u r a t e d  
s t a t e .  When t h e  h e a t i n g  e lement  f i r s t  comes on,  t h e  o u t l e t  
t empera ture  reaches  1400F dry, .  9g°F wet .  (220 g r a i n s / l b  d r y  a i r ,  
25% KH) See p o i n t  4 an f i g u r e  10.  A f t e r  t h e  d ry ing  p roces s  





. . . . . .  
8 8 3;. , , ;.+ -, , . . . . .  . . ... . , ??$$J?. .:, *n,,&d-'-,7+ . I .  . - .  . - kz .+t$&3p8+ b t .**.>: IV Electric clothes Dryer: ~ h e & r ~  , , of Operation (continued) -:., 

.,,:-$, m 
. . 

. . . . .  . m,!m;>>.: b .. c: . - .  - .-:. . . 
t -, . - 
3 proceeds for several minutes, r the - exit temperatur'e reaches-" + 

L , *' 
.,- 156OF dry, 1 0 6 ~ ~  wet,.,,(20% RH,270 grains/lb dry air) Thus p!< 
-p the moist air gains 54 to 120 grains of moisture per pound 
!.,-;& of dry air. In our example, an average of 91 grains/pound. 
:.; 1 of dry air in the first five minutes. - , - -  L r . .  i i  *.... $,'< 

gl grains,lb = (91 ';ins) ( 0648 gram.) ( 1 lb ) 
grain 454 grams 

. . . $ '  - .- 
= .013 lb H20 / lb dry air 

I . ,  ' . r" 7 '  ' - - - 
At point 4 (exit to the dryer), the'specific volume of the 

. air is 16-16.5 cubic feet per pound of dry-air. 



IV Electric Clothes Dryer: Theory of Operation (continued) 

150 cfm = 9.23 lb/minute 
16.25 ft3/lb 

moisture evaporated = (9.23 . lb/min) (013 lb H20 
-.. . . 

b dry alr 

= .6 lb H20 evaporated . -, in 5 minutes 
. . .  . . .  . . . . . .  

The drying process continues as shown in figure 11. 

The control thermostat senses,the dry bulb temperature of the 
exiting air as it leaves the dryer. This device turns the heating 
element on or off according to limits defined by the temperature 
selector setting. With the selector on medium, the thermostat 
turns off the heating element when the air leaving the drum is 

- .  .180°F (81oC). and advances the cycle. timer until the air cools 
. belo~,.117~F'(47~C). . This process continues until the cycle timer 

. advances the total number of minutes initially set by the operator. 
The permanent press cycle differs from the.regular cycle only in 

. . that it turns off-the heating element in the. last 10 minutes re- 
- gardless of the thermostat.tempenatures'(as oppose to 5 minutes on ... 

-:.i7 . . . .  the regular ' cycle) .'": This: allows the permanent press.. fabrics to 
. - .  . .  .,. . ... 
. . . .  . cool down more.. to avoid wrinkling.:.., 
. . . , 

. .;. ... 
... ..I ~he'effe;t of pre-heating the inlet. air should be to allow the 

. . exit-temperature to reach the thermostat upper.limit.sooner and 
take longer to cool down to the lower "turn heater onfl'tempera- 
ture. In addition, the dryer sheetmetal and drum'should come up 
to operating temperatures faster and run hotter because they are 
not being'cooled by air drawn in by the inlet blower. Data from 
Whirpool Corporation (see appendix E j  suggests the effect is on 
the order. of.. 1% less energy for every 2 L/Z°F above a 75,OF inlet - - 

. . . .  ,.: temperat'ure." If an inlet.temperature of 130°F (54OC) could be 
' attained by tapping the attic as'a heat source, this relationship 
would suggest as much as 20% could be saved on dryer eiectricity 

. . consumption. .If a'solar air collector yielding 1800F (820C) could 
: be constr.ucted at. a reasonable cost, then the 40% expected savings 
might result in. a reasonable return on investment. However, the 

. . . . higher temperatures might interfereawith the normal operation of 
'the dryer by no't'allowing the thermostat to again turn on the heater 

- .  - after.its.initia1 shut off. ' The warm pre-heated air'would not be 
hot 'enough to completely dry the' clothes in the cycle time set by 
the operator. , . 

\ 



,>, *-! ::; ,.{. . -;: ;;'.; '; ,:. :: < c ,  ;..:;: ;z ::: V THE ATTIC AS, A SOURCE OF HEATED AIR , ''"-v" ,. . 

An e l e c t r i c  c l o t h e s  dryer  opera t ing  a t  150.cfm requ i r ing  i n l e t  
a i r  a t  130°F (from an ambient of 7S°F) w i l l  r e q u i r e  t h e  following 

. . . . . . . . . . . . . .  . . . . . . . . . . . .  . . .  . . . . . .  heat  input  from t h e  s u n : .  - -1. - . . . . . . . .  . - . . . . ,, . 
. . . 1. . . . . . - . . .  -. 6. 

. . . . . . .  . . " , , . ':- ..*.'. . 

. .  r _ . . . . . .  . . 
. . . .  Sola r  = Q = V  _ . . .BTU : . . - . . . . . .  

Heat Input  9 'p ' .  T a m b i & n i ! - > ~  A y ~ 2 . :  :. 

C~ 
= . . 241  BTU 

rn 

.&*- -1b Q = (150 c f i )  (. 068 .,'--' (-241 zo ) ( 1 3 0 - = 7 5 ~ ~ )  2:. 
f  t-3 l b  F 

... = 135 BTU/min . . ..x:+ _______ _ - - -  - _ _ __ _ _.  . . .  ...... - Solar  i n s o l a t i o n  d a t a  . for  f i v e  F l o r i d a  c i t i e s  (Orlando, Jackson- . .' '.. 

v i l l e  Tal lahassee  ,. Miami and .Tampa) i n d i c a t e  1200 B T U / ~ ~ ~  day i s  
not  an unreasonab.le expecta t ion  f o r  s o l a r  h e a t  i n p u t . '  Using a  
1 2  hour day r e s u l t s  i n  a  1 0 0  BTU = 1 . 7  :.BTU average.  

. -  .,:ft'hr. . .JFizx . _ . .  . . :  : 
. . , ' . _ . .  , . .  . . .  . . ... 

'13' - 80 f t 2  For a  1 0 0 %  e f f i c i e n t  c o l l e c t o r , ' t h i s  would requir.e - 
of c o l l e c t o r  su r face .  The roof under t e s t  was- approximately . 

1300 f t 2  i n  a r e a ,  ' s o  t h a t  a .  6 %  'effi.ciency:'would . . . . .  . r e s u l t  i n  t h e  - . . - . 3 . d e s i r e d  i n l e t ,  temperature.  : . . . . . . . . . . . . . . . .  o . . :  I . - . -  . L  . . - 8  a -  . - . * . ,  , 

. , 

In  t h e  winter  months,. only t h e  south fac ing  s lopes  of t h e  roof 
w i l l  c o l l e c t  d i r e c t  s o l a r  inso . la t ion .  - T h e . o t h e r ' r o o f  s e c t i o n s  
w i l l  tend.  t o  d i s s i p a t e  t h e  heat. and lower t h e  a t t i c  a i r  temper- 
a t u r e  from t h a t  of summer. To enhance t h e  c o l l e c t i o n  of heated 
a t t i c  a i r  i n  t h e  win te r ,  a . d u c t  can be cons t ruc ted  under. t h e  
t r u s s e s  of t h e  south  fac ing  roof .  .This  w i l l  ensure t h a t  t h e  
a i r  c o l 1 e c t e d . i ~  f i r s t  drawn along t h e  heated southern roof 
exposure. 

Mean s o l a r  r a d i a t i o n  f o r  F lo r ida  c i t i e s :  
F lo r ida  So la r  Energy Center 
300 S t a t e  Road 4 0 1  
Cape. Canaveral ,  FL 32920 



VI DESIGN OF ATTIC DUCT 

- Once t h e  h e a t e d  a t t i c  a i r  i s . c o l l e c t e d ,  it must be t r a n s p o r t e d  
down t o  t h e  i n l e t  o f  t h e  dry'er by v i r t u e  o f  t h e  s u c t i o n  prov ided  
by t h e  d r y e r  blower.  I n  o r d e r  t o  p r e v e n t  s e v e r e  r e s t r i c t i o n  o f  
t h e  a i r f l o w  th rough  t h e  d r y e r ,  t h e  d u c t  must be o f  s u f f i c i e n t  
c r o s s  s e c t i o n a l  a r e a  t o  minimize f r i c t i o n a l  l o s s e s .  I n  a d d i t i o n ,  
t h e  d u c t  must be i n s u l a t e d  . . t o  p r e v e n t  e x c e s s i v e  h e a t  l o s s  from 
t h e  h o t  a i r  i n  t h e  duc t .  - .  

The u n r e s t r i c t e d  f low of t h e  d r y e r  b lower  i s  g iven  by t h e  manu- 
f a c t u r e r  (Appendix E) a s  150 cfm maximum. The ze ro  f low s u c t i o n  
o f  t h e  blower was measured by a  U t u b e  manometer t o  be . 9 3  i n c h e s  
of  wate r .  The f low r a t e - p r e s s u r e  head f o r  a  t y p i c a l  c e n t r i f u g a l  
blower can  be approx.imated c o n s e r v a t i v e l y  as a s t r a i g h t  l i n e .  

150 cfm 

135 cfm 

Dryer f a n  p r e s s u r e  d i f f e r e n t i a l  . 

Thus, t o  avo id  more than a  1 0 %  l o s s  i n  f l o w . t h r o u g h  t h e  d r y e r ,  
t h e  i n l e t  d u c t  must have a  f r i c t i o n  l o s s  o f  l e s s  t h a n  - 0 9  i n  
H20 A P .  

. , 
9 .  ., . 

- ~ c c o i d i n g  t o  ~ a r k s '  Engineering Handbook, pr&;sure l o s s e s  i n  d u c t  
systems.  a r e  due t o  f r i c t i o n  o f  t h e , a i r  i n  c o n t a c t  w i t h  t h e  s i d e s  

. . and dynamic.  l o s s e s  due,, t o  change i n ,  d u c t  shape, .  s i z e , -  or. direction. - -... . - ._ - .  - . '  . . . . . 
The head l o s s  'due-to f r i c t i o n  i s  g iven  by: 

. . .  \ 



. . 
where: f  = non dimensional f r i c t i b n '  co ' i f f ic ien t .  For subsonic 

f lows,  f  can be taken from t h e  ~ o o d ~  f r i c t i o n  c h a r t  
f i g u r e  1 2 .  : . . 

L = l e n g t h  of duc t ,  f t  
. . . .  . . -. - .  . . . " . -  . . . .  . . . . . . .  ".. . . . . . . .  

D = e f f e c t i v e '  diamete= of duc t ,  f t -  duc t ,  
t h i s  diameter i s  4 X a r e a  of duct 

(perimeter of . . 

. . . . 
Y = v e l o c i t y  of a i r  i n  -ft /min ..... ., : .;, :91~..: I . . . . .  

. = volume of a i r  i n  f t  $in 
e f f e c t i v e  c ross  sect iona.1 a rea  of duct  

Dynamic l o s s e s  due t o  changes i n  duct  shape, s i z e  o r  d i r e c t i o n  
a r e  given by 

where C = experimdntal ly  determined ' cons tan t  : = 2.9 f o r  r i g h t  
. . . . . . . . . . .  

angle t u r n  
. . . . . . .  . . . . .  . . . . . . . . . .  _ . . . . .  : . , . . . .  :. .-. For* t h e  o r i g i n a l  a t t i c .  duc t . .  . .- 

. .,... , ,  . . - . . ' . . . . . . . . . . . . .  . . .  ,- .- . . - I .  . *- . . .  . . . . . .  . a . . .  ............. -. - .__.L . . . . . . . . .  . . .- . 
. - . -.. 

....... .-.. . . .  . . ___ ; . . ... - - . - . L ..= 1 0 '  . . . . .  _ 
C. 

. . . .  . . . .- - - . . .  . -  . . . .  -- _., .. .-.?.- . . . - 
. . .  -. . -  ( - f f2  " =.-,.:;*679 f t 2 .  - ::-.. -. - . 

- .--?": ..,..- -. = - . - -  . .-., .. A. :. : .--: .... : . . . . . . .  . - . . . .  . . " ?  

. . A , .  . . . . . . . .  -.., ... A . . . .  .L.' .:.: . : . . .  , . . . . . . . . .  _ .  ' I  : . :  . . . . . .  . . . . .  .. .- . .  .- . . . . . .  ." . 
Perimeter = ' 3 . 3 3 .  f t .  . . . . . . .  . . - .  . . 

. . .  . . .  

. . . .  Re . = 

f t 2  Where.. )/ = Kinematic v i s c o s i t y  = , 0 0 0 2 1  - sec  



VI Qesign of Attic Duct (continued) . . 

Re = 
(288 ft/min) (.815 ft) 
.0021 ftz/sec (60 set) 

Assume fiberglass duct board has same surface roughness as 
concrete. . For an effective dia. of .815 ft. and 
e of .003, the.relative roughness is .0035. For a Re of 18600 
and e/D = .0035, f = .033.(see figure 12.) 

Then the head loss due to friction is - 

= .0021 in H20 (.00021 in H20/ft of duct) 

FIGURE 12 Friction. Factors. for Flow in Pipes 

. Friction factom for flow in pipes. 



.-. V I  Design of  A t t i c  Duct (con t inued)  , . . ,  . . . . . .  , . .: ... '. ' .3 . . . . . . . . . . .  : . .  7 .. 
. . . . . .  . ,  . 2 : 

The p r e s s u r e  l o s s  due to.  a  r i g h t  hand t u r n  i s  . . . . . . .  . . . . .  . : . . . . . . . .  . , .  . . . . : . . . 

. . . . . . .  . . 
. . . .  . . .  . . . .  . . 

The t o t a l  p r e s s u r e  l o s s  expec ted  i s  approx imate ly  ,0068 i n  H20 
o r  l e s s  t h a n  0.7 % l o s s  i n  f low expected.  . , 

Even i f  t h e  d u c t  i s  extended t o  t h e  a t t i c  roof  a s  shown i n  f i g u r e  
5 , ' . t h e  a d d i t i o n a l .  l o s s  of  p r e s s u r e  w i l l . b e  of  t h e  o r d e r  o f  
.013 i n  H 2 0  This  would be a t o t a l  o f  .019 i n  H20 o r  about  
2 %  reduction i n  a i r  f low. 

. .  . . . . . .,: 

I f  t h e  duc t  were made of 6" by 6" cs ross  s e c t i o n  t h roughou t ;  

. . .  - ; , .. - . . . . . . - . . . .  . . . .  , .  . ' , .  ,. .' :' ;:; "' ',. : . .I 

= . 0 2 5  i n  H20 - . ( .002.5  i n ' ~ i 0  p e r  f o o t  'of d u c t )  :..a,- 
. . 

2 .  . . 

= 0.9 ($) .; . . .  . . . .  " .. . , .  . . . .  _. . . . . . .  
. - . ~ . .  ' r . . . . - .* . . . . .  . . - I  . . . . .  . .  . . . . .  , . . . 

_ $ "  . . . .  :) . .  I .  

- . . , , . : . o  , . . . . '.L : .. :: . - . .  . . 
. . .. , - . .  . . . .  . . . . , .  -. . - '. f . . . . . .  . . . .  . . . .  + . - .  . - . . - 

. " 
$ . .  - - . 0 3 3  i n  H20. 

.? 
. . . . . .  - .. , . 
. . .  . . .  . . . . .  . . .  ... . . . .  . ., . . . . .  . . .  . . . . .  . . . -. 

 he l o s s  o f  ' a s s i x  inch  &pare - a t t i c  duc t  would be . O S 8  In H20 

o r  approx imate ly  6. % ' l o s s  i n  ' f l ow .  ~ x t e n d i n ~  t h e  duc t  i n  a  
s i m i l i a r  wav t o  t h e  roof  would r e s u l t  i n  a  t o t a l  l o s s  o f  f low 
of  18%.  ~ l t h o u ~ h  a s m a l l e r  duc t  might c o s t  h a l f  t h a t  o f  t h e  
l a r g e r  one,  . the 18% 1oss : i in  a i r  flow. would o f f s e t  t h e  b e n e f i t  
o f  p r e h e a t i n g  t h e  i n l e t  air. 



V l  Des ign o f  A t t  i c  Duct ( con t inued)  . 

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

e s t i m a t e d  
as 

R v a l u e  o f  w a l l s  = 5 

Roof t e m p e r a t u r e  = 1 3 0 ' ~  

A t t i c  t e m p e r a t u r e  = l l o ° F  

Laundry room t e m p e r a t u r e  = 7 5 ' ~  

., - .  
- . .  I 

L . ,  - s - - 
The h e a t  l o s t  comes from t h e  h o t  a i r  i n  t h e  d u c t  

. . .  

= C p ~  V A T  

(463 BTU/hr) ( 1  h r /60  .in)= ( 0 1 7  B i u / f t 3  OF) (150 f t 3 / m i n u t e )  A T  

, '  . .' 

( ~ o t  a t t l c  air '111 c o o l  by  OF by th 
t o  the dryer .)  . 

It gets 

If &he  e n e r g y  consumption o f  t h e  d r y e r  
e a r l i e r ,  

i s  reduced  1% f o r  e v e r y  
2 .5  F  a s  i n d i c a t e d  t h e n  t h i s  h e a t  l o s s  would r e s u l t  i n  
a  1 . 2 %  l o s s  i n  sys tem e f f i c i e n c y .  

V I I  TEST PROCEDURES/ DESCRIPTION. OF HOUSEHOLD 
, - . - 

A l l  l o a d s  of l i u ~ i d r y  r e r e  t h e  r e s u l t  of t h e  normal  o p e r a t i o n  . 
o f  a  househo ld  e x c e p t  w h e r e n o t e d  i n  Appendix A. The n a t u r e  
o f  t h e  househo ld  changed s l i g h t l y  d u r i n g  t h e  t e s t  p e r i o d .  From 
May 1980 t , 1980, t h e  househo ld  
husband and housewife. a 

O August.14 A f t e r  August -  1 4 ,  a  baby g i r l  was added. 
Thus, l a u n d r y  a f t e r  August 1 4 ,  1980 ~ n c l u d e d  t y p i c a l  baby 
l a u n d r y -  i . e  s h e e t s ,  b i b s ,  s l e e p e r s ,  e t c  Except  f o r  a  b r iDf  . 

week 
t h e r e  were no c l o t h  d i a p e r s  i n  t h e  l a ~ l n d r y .  

TWO t e s t  l o a d s  o f  permanent .  press  and c o t t o n  f a b  r i c s  were a l s o  
u s e d -  h u t  w c r e . t r e a t e d  s e p a r a t e l y  i n  t h e  d a t a .  

\ . . 



FIGURE 1 3  ATTIC .DUCT CODES ILLUSTRATED 

. . I 
~ a s e  d r y e r  . . . . .  
w i t h  aluminum ( I l l u s t r a t i o n s  a r e ' n o t  t o  
d u c t  e x t .  o n l y  s c a l e :  They a r e  i n t e n d e d  

. . t o  show a i r f l o w  o n l y . )  
Y n r t n P  cj 
(DY r o r  P 

. n  n (D a r  -' 0 
o r  (D 
Y c D r - r .  a n 
a o P , o  
( D v p r n r t  3 
P,P,EL%P, , m  

sen . I - ' .  
P, P O  09 
mw 0 0 .  c 
rt Y cj' .. 3 .. Y 
( D O P ( n 0 .  P, 
Y r ) ( D ( D ' ( D  rt 
0 6 Y . P .  

r t m  art3 * . O  
P a C  V.P. 3 
( D o n 3 3  V, 

a r t 0 9 0 9  '. 
a V, -: 0 
Y P , r t v  a l-h 

P, 4 4  
h P P  
rt I-'. (D 
(D V, 
Y 
3 &  
O W C  

Y"" 
P, 
3 < 

P, 
P V, 
a 
p. (D  
r.4 
rt e 
I-'. I-'. 
O ' d  

. 3(D 
. P , a  
.I-' 
. . <  

, I-'. I-'. 
.. 3 rt 

n r . (D 
, 3 P ,  

rt 
I-'. P 

: c o  
0 

09 
' :  rt P, 
. O  I-' 

r 
a0 

. o  3 

. r V ,  
P, 0 
c r 
3 P, 

;. a Y  
Y 
'c. g- 

:. o rt 
. 3  

i 
P, P, 

.:. .rt 
V, (D 

Y 

Dryer w i t h  
i n l e t  d u c t  
open t o  room, , 

a t t i c  s h u t .  
o f f  

. G 

- ~ 

A t t i c  d u c t  
4 a i r  col l ' ec to 'p  
i n  p a r a l l e l .  
A t t i c  h a l f  
c l o s e d  o f f .  ' . 

- ,  
..........:.... .- ...................... 

Same a s  G bu t  ' 

Dryer w i t h  . . . w i t h  a t t i c  

d u c t  ' 1' above '. : d u c t  open f u l : .  ' 

a t t i c  f l o o r  . ,: . . , 
t o  a t t i c  

-i --.-- . . . . .  ... . . . . . . . . . . . . . . . . . . . . . . . . . .  

A i r  c o l l e c t o r  
o n l y ,  a t t i c  ' ] : 

c l o s e d  o f f .  

. . . . .  
# .  ~ r y e r  w i t h  . . 
. . .  a t t i c  d u c t  . . 

ex tended  
h o r i z o n t a l l y  , I . 
a long  a t t i c -  . .J :  
f l o o r  

. . . . . . .  . . .  . . . . . . .  
, I  . . 

<.i : . .  Same' a s  H b u t  
. ?  . , .. . w i t h  v e n t  . . . .  -.. . open t o  : 

l aundry  room. 

I .  . . 
,..( 9 -  ' -  ... , 

. .  , 
..I , . . . 

' ' Dryer w i t h  ' , 
a t t i c  d u c t  . 

, .  , ex tended  t o  
s o u t h  f a c i n g  
roof  s l o p e  : 

P, a r  . <  m 0 
* .  P, rt'd P, 

Y a 
.! C Y r. 

.:., (D O r t  

..' G 3 < (D r t o  
. (D 0 -  
,. . Y a 

( D Y v r p ; '  
' C d C  
i-J-'.pr n 
3 4 6  
09 rt 

5' 
09 

. . 
' : . Same..as' D b u t  , . '.' ' 

w i t h  a i r  , . . .  I .  

c o l l e c t o r  i n  : ' ' -  : 
s e r i e s  

' . I  8 .  . E' . . 

. : A i r  c o l l e c t o r  
gmodi f i ed  f o r  . , . ,  , 

i n c r e a s e d  , 

a i r f l o w .  
. A t t i c  c l o s e d  

o f f .  .: ; .  I . 9 . . 
. . . . . . . . . .  ............................ , , , 

: .  

Same a s  E b u t  , 

w i t h  v e n t  open 
t o  l a u n d r y  
room 

F 



XI I1 RESULTS OF. TESTING 

A. ENERGY CONSUMPTION OF DRYER 

- The raw d a t a  t aken  from a  y e a r ' s  o b s e r v a t i o n  of  t h e  d r y e r  
and a t t i c  duc t  i s  given i n  Appendix A. . . 

The d a t a  was broken down i n t o  two p e r i o d s .  May 1980- 
~ u g u s t  1 4 ,  1980 (2 a d u l t  household)  and August 14,1980- 

.. . May 1981 (2 a d u l t  p l u s  i n f a n t  household)  The d a t a , . .  . - . -. 
. . - - - . . .. . A - summarized: i n .  f i g u r e  1 4 ,  accompl i shes  t h e  f i r s t  o b j e c t i v e  o f  

- .  - t h i s  s t u d y :  t o  measure t h e  d r y e r  energy  usage under  t y p i c a l  
c o n d i t i o n s .  , - - . 

I t  must be kept .  i n  mind t h a t  t h e  d a t a  i nc luded  i n  f i g u r e  1 4  
i n c l u d e s  any b e n e f i t  from t h e  a t t i c  d u c t .  Consumption 
presumably would have been h i g h e r  f o r  an unmodified d r y e r .  

I n  a d d i t i o n ,  t h e  d a t a  i n d i c a t e s  how much money i s  s p e n t  on 
c l o t h e s  d ry ing  and thus  p o t e n t i a l l y  how much can be saved.  
This  w i l l  be important  when , ,d i scuss ing  t h e  economic payback 
of  t h e  s o l a r  a s s i s t  sys tem. .  ' 

- .  

B. ATTIC SOURCE TEMPERATURES . 

The second o b j e c t i v e  of t h e  s t u d y  was t o  de te rmine  t h e  
s u i t a b i l i t y  of  t h e  a t t i c  a s  a  s o u r c e  o f  h e a t  f o r  a s s i s t i n g  
a n - e l e c t r i c  c l o t h e s  d rye r .  

F igu re  1 5  shows t h e  i n l e t  t empera tu re  o f  t h e  d r y e r  v e r s u s -  
t ime  0.f day f o r  t h e  o r i g i n a l  d u c t .  F igu re  16 shows t h e  same 
d a t a  f o r  t h e  extended a t t i c  d u c t .  Although some a t t emp t  
was made t o  wash c l o t h e s  du r ing  t h e  e a r l y  a f t e r n o o n  p e r i o d ,  
t h e r e  were many loads  washed d u r i n g  morning,  even ing ,  o r  
c loudy t imes  o u t  of  n e c e s s i t y .  I t  would appear  from t h e  
f i g u r e s  t h a t  t h e  pe r iod  2 - 4 pm i s  optimum f o r  o b t a i n i n g  
maximum i n l e t  t empera ture .  Note,  however, t h a t  d ry ing  an 
hour e a r l i e r  o r  l a t e r  than  2 - 4 pm dges  n o t  reduce  t h e  
maximum i n l e t  temperature  more t h a n  5 C .  

I t  would appear  t h a t  extending t h e  a t t i c  d u c t  t o  t h e  , sou th  , .  

. . .  f a c i n g  roof  s l o p e  ( d u c t . c o d e  D) boos t ed  t h e  w i n t e r , a n d  
s p r i n g  i n l e t  t empera tures .  The summer t empera tu re s  a r e  about  
t h e  same a s . t h e  o r i g i n a l  duc t  C .  I t  i s  e v i d e n t  from t h e  
d a t a  p o i n t s  t h a t  a  cloudy v e r s u s  sunny day can v a r y  2 pm i n l e t  

- .  
. . 

. t empera tu re s  cons ide rab ly .  This  i s  e s p e c i a l l y  t r u e  i f  t h e  
. . r o o f . h a s  been cooled by' t h e  a f t e r n o o n  ra inshowers  common 

t o  C e n t r a l  F l o r i d a .  



. .': . . . .  .. - . . 
. . . . 

. . . . . . .  . . . . . . .  . . .  FIGURE 1 4 .  , . . . .._ . - 
. . .  . . . . . .  . . . .  . . . - - .  . . ' -  . . .  

SUMMARY OF 'TEST RESULTS . . .  . . . .  - . . ... 

. . .  . . .  . . . . .  . . . . - .- . . 
... 

Household members . - 2 a d u l t  . '2 a d u l t  + .Combined 
househo ld  . i n f a n t  t o t a l  

. . househo ld  p e r i o d  

T e s t  d a t e s  . 
. . 

May 80-  . Aug i 4 , 8 0 -  May 80 - 
Aug 1 4 , 8 0 .  May 8 1  May 8 1  

D u r a t i o n  o f  t e s t  14 wks 42 wks. 56 wks 
.... . .  T o t a l  number o f  Pe rmapres t  I d s  3  0. . - 1 3 2  2- ..'. 1 6 2 

Avg PP loads /week 

Number.of PP l o a d s  by warm 
t e m p e r a r u r e  s e t t i n g  c o w  

med 

Avg d u r a t i o n  o f  PP c y c l e  
t i m e  s e t  by o p e r a t o r  

. . 

T o t a l  h e a t - o n  t i m e  f o r  a l l  
PP l o a d s  combined 

. . 

Avg h e a t - o n  t i m e  p e r  PP l o a d .  

T o t a l . k w h r  u s e d  f o r  PP l o a d s  

. . 

28.02 min 23 .91 'min  
. . . .  

552 min 2343 min 

24.67 min 
... 

2.895 . . min. 

17.87 : .. 
. .--. . 1-3 . c 

270.2 23: . *  
. . 

Avg kwhr/PP l o a d  1 ..72 . 1.66 ' 1 .67  .. 

T o t a l  number o f  r e g u l a r  
c y c l e  l o a d s  

.Avg r e g  c y c l e  loads /week  2.. 64 4 - 4 5  4 . 0 0 . :  . 
. - 

. . Number of . r e g u l a r  l o a d s  . .  1 . . .  ' :  . . .  ... -..3 :. . :  . . .  4 .-:.- .<- 
a t  . f a b r i c  temp s e t t i n g  . . 31 . . . . . .  1 8 1  : . . .  

h i g h  -.. 5, ,.. 
. . 

. . . . . .  34 . . 3 9 . . -  . 

Avg d u r a t i o n . o f  r e g  c y c l e  time,. 22:.58 mln . . . .  - 21.40 min ... 2 1 . 6 0 m l n  
. .  . . . - . . . . . .  .,.-. 

T o t a l  rcg c y c l e  h e a t - o n  t i m e :  .:.'l . . 706 m i n  I-.: '-::4460 ' m i n  .;-?- 5166 min 
- .  . . - :A A -. : . . . .  .. . . . . .  . . . . . .  

Avg h e a t - o n .  t i m e / r e g  l o a d  19.08 . .;23.85.':, . ,  23.06 . 
. . . . . . . . . . .  

T o t a l  kwhr u s e d  f o r  r eg .  l o a d s  , 65.9 . . . .  
. . 

.. 416.2 
. , .  .,. . ., ..-. - - 482.1  . 

. . . . .  . . .  . . . . . . . .  . . = . . .  . . -  
. . .  . ...-.. . a ... ..‘.... . . . .  Avg kwhr u s e d / r e g  l o a d  -. . '..I . . . .  7 8  .: :." . . . . . .  .+.'.: 2 2 3' -:' - .  2 1 5  _-- . . . . . .  .: 

. .  - . . . . . .-  
T o t a l  kwhr u s e d ,  a l l  l o a d s  117.4  634.9 752.3 

. . .  ... - .  . . . 
Avg kwhr u s e d  /week 8.39 . . .  . . .  . . .  . . .  

15.12. i3 144 - .  

Avg c o s t l w e e k  a t  $.07'/kwhr . . $ 0 . 5 9 ,  . . $ 1 . 0 6  . . $0.94 :- 
Y e a r l y  c o s t  (52 weeks) $30 ..68 $55.12 

. . 

PP = permanent press 





.., ,- , . 
\ 

s. ' FIGURE 16 . . . -" . 



VJII RESULTS OF TESTING (continued) 

C. ENERGY SAVINGS AS A RESULT OF PREHEATING DRYER INLET AIR 

Several factors can affect the heat-on time required to 
dry a load of clothes besides the inlet temperature. The 
size or weight of the clothes (dry), the amount of moisture 
absorbed by the load, the type of fabric and its willingness 
to "give up" the moisture absorbed when subjected to heated 
air, the cycle time (or degree of dryness preferred) set 
by the operator, and the temperature setting (thermostat 
limits) also set by the operator. In addition, ambient 
temperature, humidity, and whether a load has immediately 
preceeded the one being tested may have an influence on 
the duration of the heating element on-time. 

There were two approaches taken in this study to rule out 
these other effects and determine the effect of inlet tempera- 
ture alone. The first was to record heat-on time used by 
a number of laundry loads over an :extended period. (1 year) 
In the mild environment of Florida, the nature and amount 
of articles laundered and dried would not change appreciably 
over time. Over a large sample, variations due to load 
size, type, etc. would average out. 
Figure 17 shows a series of plots of heat-on time versus inlet 
temperature for regular and Permaprest cycles, duct codes 
, A  .&.By C $ C: and D. Also plotted are the average cycle 
times selected. All the data has been averaged over N data 
points and the standard deviation plotted (height of the 
line) to indicate how much data scatter is present. 

Examining the plots of cycle time versus inlet temperature _ 
indicates. that the average cycle time is consistent over the 
range of inlet temperatures tested. This would indicate 
that the operator is not skewing the results by picking 
shorter cycle times (less stringent dryness requirements) 
for higher inlet temperatures. 
Examining the permanent press cycle heat-on time charts is 
disappointing. There is no clear correlaiion indicated 
between heat-on time (energy used) and inlet temperature. 

Examini-ng the regular cycle heat-on time charts is more 
promising. Despite the large standard deviation in some 
cases, the data suggests a significant reduction of heat-on 
time with increasing inlet temperature. Even the unassisted 
dryer suggests the dependance over its smaller range of test 
temperatures. 





- -  - - 

PI11 Results of Testing (continued) - 

It is difficult to say whether the difference in the graphs 
of regular and permanent press cycles is due to the differences 
in the cycle itself or to the actual differences in the fabric 
dried. Looking through the test data, one may find instances 
where a load of clothes might be dried with a regular setting 
one time and a perma prest cycle another t5me.with.a different 
operator. . - - 
The second way of eliminating other test variables is to 
identify a standard set of test loads and dry them under 
controlled circumstances. Two such loads were formulated. 
Test load number one was composed of permanent press type 
synthetic fabric scraps and a bedsheet treated with a 
permanent press finish. (The test load later had to be 
altered by substituting some of the garment scraps for other 
ones. This load is- identified as ll.) The second test load 
was composed of 7 cotton towels and- 3 wash cloths. Test 
load number 1 was dried on the permanent press cycle for 
approximately 2 0  minutes on the cycle timer and a medium 
fabric temperature. Test load number 2  was dried on the 
regular cycle for 20 minutes - - -  and a medium -- fabric temperature. 

The results of the test loads are given in figure 18. The 
weight loss of each test load (wet load weight-dry load weight) 
was found to be consistent within ounces. The cyclel,time 
was consistent. within a minute., (Variations were due mainly 
to the mechanical "play" in the timer knob itself.) 

Test load #1 showed only moderate change in heat-on time versus 
inlet temperature. (The total heat-on time was only 9-12 min.) 
Four test runs made on two Bays showed 6 and 22% decrease in 
heat-on time for a AT of 20  C. A best fit 06 the data indicates 
an improvement of -11-.22 minutes saved per C. 

Test load # 2  showed a much more consistent improvement in 
heat-on time versus inlet temperature. Three sets of test 
runs on the same gay produced improvements of 19, 24 and 2 8 %  
for 10,12, and 22 CAT respectively. A bes& fit line shows 
an improvement of .31-.4 minutes saved per C. 

The amount of cnergy saved by use of the attic duct can now 
be computed as follows; - 

From the data of figure 17, it is evident that tee inlet 
temperature can be maintained at. a minimum of 30 C. During 
cloudy days or early morning/late evening hours, the duct 
can be opened to the laundry room where the waste heat of 
the dryer helps to heat the room; (This was not necessarily 
done during the testing.) The savings will be computed only 
for those C,C1 6 8 duct loads which were run with an inlet 
temperature of 30 C or higher. It will be aasumed that all 

other:.loads could have been maintained at 30 C by opening 
the inlet to the laundry room. 





VIII R e s u l t s  o f  Tes t i ng  ( con t inued )  

Sav ings  = (avg hea.t-on a t  3 0 ' ~  - avg h e a t - o n  a t  T'C) (Number 

o f  l oads  d r i e d  a t  TOC i n l e t  t empera tu re )  

Reg l o a d  s a v i n g s  = 2 . 4 2  (26) +2 .9  (32) +4 .11(18)  +6.86 (9).:- 
= 291.44 minu te s  o f  hea t -on  t ime  saved.  

. . . .  . . . .  . . . . . . . . . . . . . . . .  = 6 %  saved 
" " 

,. ,, . . -  . . Permapres t  l o a d =  0.8(18) -1 ;21(17)+1 .38  (17)+2.27 (9)  
. . . .  s a v i n g s  ' = 37.72 minutes  saved  

= 1% sayed 
. . 
. . . .  A t o t a l  o f  329 minutes o f . 5 . 6  kw was saved ,  o r  $2.15 a t  $.07/kwhr . . . .  .-.. . I . - -  . .  .-. ~ . 

C l e a r l y ,  . t h e  amount saved does  n o t  j u s t i f y  t h e  expense of  t h e  
a t t i c  d u c t .  ... . . 

'. . - - i -  ~ x a r n i n i n ~  t h e  t e s t  d a t a ,  we f i n d  t h a t  o n l y  21.3% of  t h e  .. -. - . .  - . . . . . .  
a .. .. . . l aund ry .  l o a d s  we$ d r i e d  between 2 and 4  pm. Only 45.8% 

. . 
... . between 1 and 5  pm What i f  t h e  o p e r a t o r  had t a k e n  a  more 

a c t i v e  r o l e  i n  t h e  use  of  t h e  a t t i c  d u c t ?  To op t imize  
. . . . .  ene rgy  s a v i n g s ' o f  t h e  d r y e r ; .  , 

. . .,'. 
. .  - . . . . . . . . .  .- 1 : ; -open ' . a t t i c  ven t  t o  l aund ry  room when i n l e t  t empera tu re  

. - i s  l e s s . t h a n  l a u n d r y  room t e m p e r a t u r e .  
....... 

. 'I ' .  
. . -  .. 

.-A, 2 .  a t t empt  t o  d r y  c l o t h e s  o n l y  d u r i n g  sunny days and . . . .  . ., 

.,.A. - .. between 2 . and  4 pm. - . 
:<a. . . 

. . . .  ...... _- ........_ . . .  . -..-- ._.... . . .  Examining f i g u r e s  15 and. 16.;-the p o t e n t i a l  sunny day i n l e t  
. . .  ... A . .'. . -. 
; t empera tu re s  between 2 and 4  pm , f o r  each month a r e  below. 

-.- . . .  
. . . . . Month P o t e n t i a l  c l e a r  day DT above 3 0 ' ~  

i n l e t  temp (2-4pm) ( e ~ )  I" 4 
. . . . .  Jan  .. 35 ( w i l l  improve w i t h  
. . . .  . . .  - - Feb 35 extended c o l l e c t o r )  

Mar ' . 4 7  ' .  . 
4 7  . . . . . . . .  Ap r 

May . ' - .  ' 55 . 
.. , 

. -  - . . - . . 

. . - ..June . 5 5 ''. 
. . .  

. J u l y  5 2  (may improve w i t h  
Aug 52 extended c o l l e c t o r )  

. . .  , .  . - . Sept  4 7  
. . 4 7  0 .  . ..;. ..:...... Oct . .  . . . . . . . .  

. , . , .. 
Nov . ,  37 ( w i l l  improve w i t h  
Dec ' .  37 extended c o l l e c t o r )  

. . 
. . . .  . -. 

. . 
. . . . . . . . .  . . . .  . . . .  . . 
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I f  d r y i n g  i n  t h e  morning o r  even ing ,  t h e  a t t i c  t empera tu re  
can  be l e s s  t h a n  t h e  laundry room t e m p e r a t u r e .  Drying t ime  

. . w i l l  be l eng thened  i f  the .  a t t i c  d u c t  i s  used  i n  t h i s  c a s e .  
The sys tem must a l e r t  t h e  o p e r a t o r  t o  t h e  i n l e t  t empera tu re  
o r  s p e c i f y  t imes  t h e  duc t  i s  t o  be open t o  t h e  l aundry  room 
when d r y i n g .  . .  . . - 

The o p e r a t o r  pe rce ived  t h e  du'ct a s  u g l y .  (No a t t emp t  was made 
t o  i n t e g r a t e  t h e  duc t  i n t o  t h e  e x i s t i n g  s t r u c t u r e . )  Th is  
cou ld  be overcome e a s i l y  i n  new s t r u c t u r e s  b u t  might r e q u i r e  
a d d i t i o n a l  expense t o  c o v e r ' t h e  d u c t  i n  a  r e t r o f i t  s i t u a t i o n .  

S i g n i f i c a n t l y ,  no perce ived  d u s t  o r  i n s u l a t i o n  ( l o o s e  f i b e r -  
' g l a s s  o r  c e l l u l o s e )  was found i n  d u c t  o r  o u t l e t  from d r y e r .  
Although t h e  a d u l t  female of t h e  household  was s i g n i f i c a n t l y  
s e n s i t i v e  t o  such i r r i t a n t s  ( a s  w e l l  a s  a  newborn baby) ,  no 
compla in t s  o r  symptoms of  such i r r i t a n t s  were r e c e i v e d  or- 
observed.  . Flow was appa ran t ly  low enough n o t  t o  suck i n  any 
such  a i r b o r n e  i r r i t a n t s  of  t h i s  n a t u r e .  I n  a d d i t i o n , - t h e  d u c t  
i n l e t  was always a t  l e a s t  one f o o t  above t h e  i n s u l a t i o n .  

The female  o p e r a t o r  complained of  hav ing  t o  t a k e  s o  much d a t a  
. . 

- - .  b e f o r e  and a f t e r  each load  of l a u n d r y  b u t  d i d  no t  p e r c e i v e  
any d i f f e r e n c e s  i n  t h e  q u a l i t y  o f  t h e  c l o t h e s  d rynes s  o r  
o p e r a t i o n  of  t h e  d rye r .  This  s p e a k s - w e l l  f o r  t h e  p a s s i v e  

A n a t u r e  o f  t h e  des ign .  
:>,t 

r:. . v  . . . 
... X SCLAR HOT A I R  COLLECTOR .. . 

Based on t h e  promising r e s u l t s  o f  t h e  a t t i c  a i r  d u c t ,  a  s o l a r  
h o t  a i r  c o l l e c t o r  was c o n s t r u c t e d  a s  o r i g i n a l l y  proposed.  I t  
was expec t ed  t h a t  t h e  h ighe r  c o l l e c t o r  t empera tu re s  p o s s i b l e  
w i t h  a  b l a c k  abso rbe r  and c l e a r  g l a z i n g  cou ld  produce a  
s i g n i f i c a n t  r e d u c t i o n  ia drye r  energy  usage .  

A c o n v e r s a t i o n  w i th  Lance L e o n i t i s  o f  t h e  A t l a n t a  Southern 
S o l a r  Energy Cente r  produced t h e  f o l l o w i n g  f a c t s .  

A. The u s e  o f  wood f o r  a ho t  a i r  c o l l e c t o r  a s  o r i g i n a l l y  
p roposed  would be a f i r e  haza rd  i n  t h e  long  term and 
; n e c e s s a r i l y  expensive.  . The c o n s t r u c t i o n  of a  c o l l e c t o r  

. . . -1 

u s i n g  Thermax po ly i socyanura t e  i n s u l a t i o n  would be 
;::..superior i n  performance and c o s t  and.would weather  long  enough 

t o  e v a l u a t e  t h e  concept .  

B. The h o t t e r  t h e  c o l l e c t o r  t e m p e r a t u r e ,  t h e  poo re r  t h e  
. - . ' e f f i c i e n c y  of conver t ing  s o l a r  ene rgy  t o  d e l i v e r a b l e  h e a t .  

S i n c e  t h e  s tudy  was n e c e s s a r i l y  t r y i n g . t o  o b t a i n  h i g h e r  
t e m p e r a t u r e s ,  a  l a r g e r  c o l l e c t o r  a r e a  would be r e q u i r e d .  
( 30 -50%,e f f i c i ency  a t  h ighe r  t e m p e r a t u r e s )  



. . . . ' .  . : . ;  . .  . _- ,: . . . .t 

f .  . . ' ' - . . I .  : . . . . .  . .._. I . .- .: .. , . . 
X SOLAR HOT A I R  COLLECTOR' ( con t inued)  

I f  one were t r y i n g '  t o  r e p l a c e  t h e  h e a t  i n p u t  o f  t h e  5 . 6  kw 
d ry ing  element e n t i r e l y ,  19000 BTU/hr would be r e q u i r e d .  !.;:- 

A good e f f i c i e n c y  f o r  a  s o l a r  c b l l e c f  &i would be . Z O O '  ~ ~ ~ / h i / f t  2 

d e l i v e r e d .  This  would r e q u i r e  95. f t  of  c o l l e c t o r  a r e a  f o r  5.6kw. 
Although i t  s e e m s - d i f f i c u l t  t o  imagine b u i l d i n g  a - c o l l e c t o r  of  

- t h i s  s i z e  and j u s t i f y i n g  i t s  c o s t  s o l e l y  on reduced c l o t h e s  
d ry ing  energy u s e ,  it i s  p o s s i b l e  .such a  c o l l e c t o r  cou ld  be 
sha red  w i t h  a  home s o l a r  h e a t i n g  system and used i n  . a  . .% d i f f e r e n t  

. .  . . - mode f o r  each purpose .  
. . . - -  

: Rather  t h a n  t r y  t o  ;ons t ruc t  a  95 f t 2  c o l l e c t - o r  , i t  waf ::-:. . .. 
dec ided  t o  b u i l d  one of approx imate ly  40" x  90" (25 f t  ) ' 
and de te rmine  i f  such a  c o l l e c t o r  d e l i v e r e d  t h e  expec ted  

. . performance.  - .  . . . .  
I A . .- . ... 

Appendix B i l l u s t r a t e s  t h e  c o n s t r u c t i o n  'of t h e  c o l l e c t o r . -  :. 
3/4" t h i c k  Thermax i n s u l a t i o n  w a s  used f o r  t h e  c o l l e c t o r  body 
and a s s o c i a t e d  d u c t  work.. A p a n e l  adhes ive  (Maaco l i q u i d  n a i l s  
o r  s i m i l i a r )  was used  t o  assemble t h e  s h e a t h i n g  i n t o  a  box shape.  . 

Corrugated f i b e r g l a s s  w a s .  used f o r  t h e  g l a z i n g .  The c o l l e c t o r  
i t s e l f  was aluminum. roo. f ing v a l l e y  p a i n t e d  f l a t  b l a c k .  Ridges.: 
i n  t h e  abso rbe r  were formed t r a n s v e r s e . t o  t h e  a i r  f low t o  . 
a s s i s t  mixing of  t h e  f low (and t h u s  h e a t  t r a n s f e r )  . The a i r  .i;,..:.. -..,: ... _ 
was. brought  i n t o . . t h e  t o p  of  t h e  c o l l e c t o r ,  flowed under t h e  . - . . . . - . , . . . . . . 
h o t  a b s o r b e r ,  and t h e n  ove r  t h e  t o p  of t h e  abso rbe r .  I n  t h i s  
way, bo th  s i d e s  of  t h e  a b s o r b e r  was a v a i l a b l e  f o r  h e a t  t r a n s f e r .  .- .- - . . . 
See f i g u r e  19.  - .  . 

. . 

. . .. . 

. . 

. , .  - . . . .- . , . ? . . . .,. . 
' . (  . .  , , . . . . - . . . : 

! . ..:. . . . .  .. . .  . . - .  
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X SOLAR HOT A I R  COLLECTOR c 6 n t : f i  c e d )  

The assembly was s e a l e d  a t  a l l  j o i n t s  w i t h  s i l i c o n e  c a u l k .  

One problem which s e v e r e l y  l i m i t e d  t h e  t ime  a v a i l a b l e  t o  
e v a l u a t e  t h e  c o l l e c t o r  was t h e  p h y s i c a l  l a y o u t  o f  t h e  house 

' .  and l aundry  room. (See f i g u r e  6  and Appendix B) The c o l l e c t o r  
had t o  be l o c a t e d ' c l o s e  t o  t h e  d r y e r  t o  reduce  a i r  t r a v e l  p a t h .  
Unfor tuna te ly ,due  t o . t h e  west  s i d e  ' l o c a t i o n ,  r oo f  overhang,  
and nearb'y t r e e s , ,  t h e  ' c o l l e c t o r  was o n l y  i n - t h e .  sun  ( i n  w i n t e r )  

. .  from-.about 12:30 t o  2:00 pm. .The c o l l e c t o r  was ang led  t o  
match t h e  a l t i t u d e  of  ' t h e  sun.  

Various c o n f i g u r a t i o n s  o f . c o l l e c t o r  and a t t i c  duc t  combina t ions  
were t r i e d  :. A t , f i r s t ,  t h e  ho t  a t t i c  a i r  was duc t ed  down t o  t h e  
c o l l e c t o r  t o  boos t  a i r  t empera tu re s  b e f o r e  e n t e r i n g  t h e  d r y e r .  
(Duct code E) The c o l l e c t o r  and a t t i c  a i r  s o u r c e  were a l s o  
t r i e d  i n  p a r a l l e l  (duc t  code G 4 H) a s  w e l l  a s  t h e  c o l l e c t o r  by 
i t s e l f .  (Duct .codes J 4 L) See f i g u r e  13: - .  . . . +.  

2 .  

.   he $erfdrma&e of. '  t h e  t o l i e c b d r  i t s g l f  was ' h i i t L g o o a .  A i r  
t empera tu re s  o f  a s  much a s  86 C (187 F) were measured a t  t h e  
e x i t  of t h e  c o l l e c t o r .  Unfo r tuna t e ly ,  t h i s  t empera tu re  ~ o u l d  

. n o t  be ma in t a ined  going i n t o  t h e  d r y e r .  The a i r  l o s t  10 C 
j u s t  t r a v e l l i n g  t h e  few f e e t  of  d u c t  from c o l l e c t o r  $0 d r y e r  
i n l e t .  (This  d u c t  was smal ler .  i n  c r o s s  s e c t i o n , 2 5  i n  , and 
could  have c o n t r i b u t e d  t o  t h e  l o s s . )  

' A  . The e f f e c t i v e n e s s .  o f  t h e ' c o l l e c t o r  was f u r t h e r .  r educed  by t h e  
. . .  s i ' z e  and l e n g t h  of  t h e  du.ct. The l o n g e r  d u c t  l e n g t h s  t ended  

t o  reduce t h e  a i r  f low of t h e  d r y e r  and l e n g t h e n  d r y i n g  t imes  
d e s p i t e  seemingly  h i g h e r  i n l e t  t e m p e r a t u r e s .  T h i s  cou ld  be 

. . seen by examining o u t l e t  t empera tu re s  o f  t h e  d r y e r  a t  t h e  f i l t e r .  
(See appendix A , Mar 15,1981 d a t a )  . 

Despi te  t h e , . d i s a p p o i n t i n g  performance,  it i s  expec ted  t h a t  a  . 

c o l l e c t o r ,  p r o p e r l y  s i z e d  and i n t e g r a t e d  i n t o  t h e  roof  o f  a  home 
o r  bu i ld ingoand  a ~ d u c t .  o f .  s u f f i c i e n t  c r o s s  s e c t i o n  cou ld  
d e l i v e r  170 F  a i r  t o  a ' c l o t h e s  d r y e r  w i thou t  choking i t s  a i r  
d e l i v e r y  system. Only a  commercial l aund ry  b u i l d i n g  o r  a  s o l a r .  - 
hea ted  home cou ld  j u s t i f y  t h e  expense.  A commercial l aund ry  
w i th  e x t e n s i v e  d r y e r  usage and a roo f  c o l l e c t o r  w i t h  perhaps  . 

some thermal  mass added could  probably  pay o f f  t h e  investment  
wi th  a  25% r e d u c t i o n  i n  energy consumption d u r i n g  d a y l i g h t  u s e .  

-.. 
XI. CONCLUSIONS/RECOMIViENDATIONS .- 

.... . . . .  

1. A p r o p e r l y  des igned  a t t i c  duc t  can i n t r o d u c e  h o t  a i r  i n t o  
t h e  i n l e t  o f  an  e l e c t r i c  d r y e r  and reduce  i t s  energy  consumption 
by 2 0 %  on an annua l  b a s i s .  But economic payback of the.  sys tem 
depends on d r y e r  usage and t h e  a c t i v e  p a r t i c i p a t i o n  of  t h e  

, o p e r a t o r  ih d r y i n g  c l o t h e s  only  on sunny a f t e r n o o n s .  

2 .  A h o t  a i r  s o l a r  c o l l e c t o r  could  be c o n s t r u c t e d  t o  ach i eve  
g r e a t e r  d r y e r  energy  sav ings ,  bu t  t h e  c o s t . o f  t h e  sys tem and 
neces sa ry  c o n t r o l s  would no t  be economical  u n l e s s  i t  was 
shared  w i t h  a so3,a.r home hea t ing ,  sys tem o r  i n  a  commercial 
app l i ca t i . on .  
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APPENDIX B 
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- .  

~ o n s t r u c t i o a  d f  s o l a r  a i r  c o ~ l e e t o r  

. . . .  A , s o l a r  a i r  ao l l ea to r -  w a s  comstrueted from 3/kU Themax 
polylsooyanurate qheathing, aluminur roof ing va l l ey  painted 
f l a t . b l a c k ,  and corrugated f iberg lass .  The s i z e  of t h e  absorb- 

-+. 
w a s  boa.. by 90" o r  25' square. f e e t .  The bas ic  eoncept , taken from 

- a Mother Earth News magazine design f o r  a passive window hea t e r ,  
. w a s  modified t o  boost heat  t r a n s f e r  under.foread aonrectlon. 

': The c o l l e a t o r  had a t o t a l  o f 5  inches separa t ina  t he  f i b e r g l a s s  
glazing. f ro r . . t he .  bottom Insulat ion.-  . The absorber i tself  w a s  
located midway between; o r  2* inahes from the  bottom. This 
allowed appro xi mat el^^ 100 square. inches (40" x. 2*") of cross  
sec t iona l  area:  f o r  air'. t o  flow. down beneath t h e  absorber.  and 
baok. up between- the. absorber.  and 6lazlnb. The. c o l l e c t o r  w a s  
assembled. with a. panel. . . .  adhesive.. s u i t a b l e  fo r ,  foam. .... . . . .  > "  . . . . . . . . .  . . - .  . . . . . . . . . .  

' , . . 

P h o t o ~ p h i ~ :  d e t a i l s  of' the: construotlon. and i n s t a l l a t i o n  
follow .. 



kL:-J 

Painted absorber aounted in-tcollecto~ -- .--.-- . J-- 

- .'r 



>; 
APFENDIX B cont. 

s..: 3.  

Complete' col lector'  shown in  t e s t  position next t o  
outside laundry room w a l l  

-. 
, .' - - , j n ~ $  ~ I T T R  s r ; - . > ; - -  , . !*-- . , > 

Rear view of col lector and ductwork extending into  
laundry room window 
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" APPENDIX B cont. 

Duct from collector joined t o  at t lc ,duct  inside laundry 
. . . . *  -. . .  .-a 

.- - - - 

Overall view from SSW of hoae, col lector,  and trees nearby 
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APPENDIX C ~ r t i c l e  s u i t a b l e  f o r  p u b l i c a t i o n  

I f  you want t o  e l i m i n a t e  t h e  c o s t  o f  d r y i n g  c l o t h e s ,  g e t  a  
c l o t h e s l i n e .  Y o u ' l l  have t o  work 10-20 minutes  p e r  l o a d  i n  
t h e  ho t  sun hanging and unhanging each  garment,  a s  w e l l  a s  
dus t i ng .  o f f .  any bugs o r  d e b r i s  which l a n d  on t h e  c l o t h e s  a s  
t hey  a r e  d ry ing .  But y o u ' l l  save  t h e  c o s t  o f  t h e  2-3  kwhr 
p e r  1 o a d . t h a t  it normal ly  t a k e s  t o  run  an . e l e c t r i c  c l o t h e s  

. . . .  d r y e r .  . -. 
: .: - - . .  - . . .  

B u t ' i f  you. c a n ' t  q u t t e  .give up t h e  convenience of  an e l e c t r i c  
c l o t h e s  d r y e r  and s t i l l . w a n t .  t o  t a k e  advantage of  a l l  t h a t ,  
abundant sunsh ine ,  t h e n  look  up ... t o  your  a t t i c !  

. . . . .  . . 
~ h a t ' i  what James ~ t a n a  o f  ~ o h ~ w o o d ,  F l o r i d a  d i d .  He tapped  
t h e  a t t i c  of  h i s  t y p i c a l  Sunbe l t  home and found t h e  h o t  a i r  
j u s t  r i g h t  f o r -  b o o s t i n g  t h e  e f f i ~ i e n c ~  of  h i s  e l e c t r i c  c l o t h e s  
d r y e r  ... With backing f r o m . t h e  Department o f  Energy Approp r i a t e  
Technology' Prog'ram,' he'. b u i l t . '  a prototype.  d u c t  system and t e s t e d  
it f o r  o v e r . a : y e a r .  ' The r e s u l t s  i n d i c a t e d  a p o t e n t i a l  20% 
average  annua l  s a v i n g s -  Although h i g h e r  summer s av ings  was 
o f f s e t  b y . t h e  lower w i n t e r  s av ings , .  t h e  l a t t e r .  was s t i l L  s i g n i f i c a n t .  
The d u c t  sys tem.was des igned  t o  c o l l e c t '  a t t i c  a i r  and draw it 
a long  a s o u t h  f a c i n g  roof  s l o p e  t o  maximize w i n t e r  performance.  
The b e s t . p a r t  of  t h e  sys tem i s  i t s - c o s t ;  l e s s  t h a n  $ 2 5 .  

:e . . . .  
it -.,.. . .. To t a k e  advantage o f  M r . .  S t a n a ' s  s o l a r  a s s i s t e d  d r y e r  concep t ,  
. . . . .  you.. need t o  ha.ve. s e v e r a l  t h i n g s  i n  your f a v o r .  

. . 

1. A.n e l e c t r i c  c l o t h e s  d r y e r  w i t h  an i n l e t  t h a t  can be extended 
i,: 
..:; .,.-. 

o u t  t h e  back of  t h e  d r y e r  a. few. i nches .  The i n l e t  i s  u s u a l l y  
...? A 77 
.. : . l o c a t e d .  a t  t h e .  back next: t o  the :  h e a t i n g  e lement .  (Be s u r e  t o  

unplug, t h e  d r y e r  be.fore examining t h e  u n i t . )  

2 .  A r e a s o n a b l e  d o - i t - y o u r s e l f '  s k i l l  i s  r e q u i r e d .  This. concept  
r e q u i r e s  ex tend ing  t h e  d r y e r  i n l e t  duc t  w i t h  s h e e t  me ta l .  The 
s h e e t  meta l  may have t o  be near- t h e  220VAC w i r e s  t o  t h e  h e a t e r  
c o i l .  I t '  is e s s e n t i a l  t h a t  t h e  pe r son  doing t h e  work have a  
knowledge of working s a f e l y .  w i t h  h i g h  v o l t a g e  a p p l i a n c e s .  The 
remaining duc t  work .can  be c o n s t r u c t e d  by anyone of  r ea sonab le  
s k i l l :  . . 

3. h a t t i c  roof  which f a c e s  roughly  s o u t h  and can be reached 
from: t h e  d rye r .  i n l e t , w i t h  l e s s  t h a n  25' o f  . . .  d u c t  work. 

. . . . 
I .  . . . . . . .  ' 3 .  . '. . . .  _ . .  . ,  . . . 

I f  you. meet: a l l  o f .  t h e  above, t h e n  you can  e x p e c t  an economic 
payback i n  $ / y e a r  o f  approximately:  

. . .  
186 

payback $ = -( . 35Nr + .16N ) KHP 
60 .' PP 



APPENDIX C A r t i c l e  S u i t a b l e  f o r  P u b l i c a t i o n  ( c o n t i n u e d )  
% 

where 186 = sum o f  peak  monthly a t t i c  t e m p e r a t u r e s  a c h i e v e d  
i n  F l o r i d a  ( O C )  

. 35  4 .16  a r e  e x p e r i m e n t a l  c o n s t a n t s  d e r i v e d  from t h e  
W h i r l p o o l  d r y e r  u s e d  i n  t h e  t e s t i n g  

N = number o f  l a u n d r y  l o a d s  d r i e d  i n  t h e  a u t o m a t i c  
r e g u l a r  c y c l e  p e r  month 

N = number o f  l a u n d r y  l o a d s  d r i e d  i n  t h e  a u t o m a t i c  
PP pe rmanen t  p r e s s  c y c l e  p e r  month 

K = c o s t  o f  kwhr i n  $ 

H = kw r a t i n g  o f  h e a t i n g  e l e m e n t  i n  d r y e r  

P  = p e r  c e n t  o f  l o a d s  ( e x p r e s s e d  i n  d e c i m a l )  d r i e d  
on a  sunny day between 2 and  4  pm. ( s a v i n g s  a r e  
s t i l l  s i g n i f i c a n t  even f o r  1 - 5  pm.) 

For  example ,  a  f a m i l y  o f  6  d r y i n g  50 r e g u l a r  l o a d s  and  32 
permanent  p r e s s  l o a d s  a  month u s i n g  a  5 . 6  k w . r a t e d  d r y e r  a t  
$ .07/kwhr  c a n  s a v e  up t o  $27.48 a  y e a r  by d r y i n g  t h e i r  c l o t h e s  
on sunny d a y s  be tween 2 and 4 pm. I f  you a l r e a d y  have  a  s o l a r  
h o t  w a t e r  s y s t e m ,  y o u ' r e  p r o b a b l y  a l r e a d y  washing  y o u r  c l o t h e s  
t h e n  anyway. (A commercial  l aundramat  c o u l d  o b v i o u s l y  b e n e f i t . )  

The sys t em works by p r e h e a t i n g  t h e  a i r  e n t e r i n g  t h e  i n l e t  o f  
t h e  d r y e r  w i t h  an  a u t o m a t i c  c y c l e .  The h e a t i n g  e l emen t  d o e s  
n o t  have t o  r ema in  on a s  l o n g  t o  h e a t  t h e  a i r  ti1 t h e  c o n t r o l  
t h e r m o s t a t  t u r n s  i t  o f f .  And i t  r e m a i n s  o f f  l o n g e r  u n t i l  t h e  
t h e r m o s t a t  t u r n s  i t  on a g a i n .  A s i m p l e  t i m e d  c y c l e  d r y e r  
s h o u l d  a l s o  be  a s s i s t e d ,  b u t  t h e  s a v i n g s  c a n n o t  be  e a s i l y  
measu'red s i n c e  i t  w i l l  depend on t h e  o p e r a t o r  s e t t i n g  s h o r t e r  
d r y i n g  t i m e s .  E x a c t  p l a n s  f o r  b u i l d i n g  t h e  d e v i c e  w l l l  v a r y  
f o r  e a c h  i n s t a l l a t i o n  due t o  v a r i a t i o n s  i n  d r y e r s  and h o u s e s  
i n v o l v e d .  By showing t h e  one b u i l t  by M r .  S t a n a  and o u t l i n i n g  
a few d o ' s  and  d o n t ' s ,  you can  d u p l i c a t e  h i s  r e s u l t s  by 
a d a p t i n g  t h e , c o n c e p t  t o  your  own s i t u a t i o n .  

M r  S t a n a  f i r s t  e x t e n d e d  h i s  d r y e r  i n l e t  by fo rming  a  5" x 6" 
d u c t  o u t  o f  . O 1 O l l  aluminum r o o f i n g  v a l l e y  and "Pop" r i v e t s .  
( S t e e l  c o u l d  have  been  u s e d . )  Care was t a k e n  t o  unp lug  t h e  
d r y e r  p r i o r  t o  work ing  on it and a v o i d i n g  h a v i n g  t h e  d u c t  come 

. anywhere n e a r  t h e  220VAC w i r e s  t o  t h e  h e a t i n g  e l e m e n t .  Any 
s p a c e s  a r o u n d  t h e  w i r e s  were p lugged  w i t h  p i e c e s  o f  non conduc-  
t i n g  f i b e r g l a s s  i n s u l a t i o n .  (Check t o  be  s u r e  t h a t  t h e  h o l e  
p lugged  d o e s  n o t  g e t  h o t  enough t o  smolde r  t h e  i n s u l a t i o n . )  
The d u c t  e x t e n d e d  t h e  d r y e r  i n l e t  o n l y  a  few i n c h e s  o u t  f rom 
t h e  back o f  t h e  d r y e r .  (See f i g u r e  1 . )  

~ l t h o u ~ h  Mr. S t a n a  u s e d  f i b e r g l a s s  d u c t  b o a r d  f o r  t h e  l o w e r  
p o r t i o n  o f  h i s  a t t i c  d u c t ,  i t  i s  t o o  e x p e n s i v e .  T h r e e - f o u r t h s  
i n c h  '(3/411) t l i c k  Thermax p o l y  i s o c y a n u r a t e  f o i l  f a c e d  i n s u l a t i n g  
s h e a t h i n g . w o u l d  be  c h e a p e r  and e a s i e r  t o  work w i t h .  I t  c a n  be  
c u t  w i t h  a  k n i f e  and g l u e d  w i t h  any  o f  t h e  p a n e l  a d h e s i v e s  ( s u c h  
a s  Maaco l i q u i d  n a i l s )  s u i t a b l e  f o r  foam. 



APPENDIX .C ~ r t i c l e  S u i t a b l e  f o r  P u b l i c a t i o n  (con t inued)  

The d u c t  t o  t h e  a t t i c  roof  s h o u l d  be approx imate ly  100 i n . 2  i n  ' 

c r o s s  s e c t i o n  and c o n t a i n  a s  few bends a s  p o s s i b l e .  A s m a l l e r  
duc t  chokes t h e  a i r f l o w  and o f f s e t s  t h e  b e n e f i t  of  p r e -hea t ing  
t h e  a i r . .  A ho l e  i s  c u t  a t  t h e  bottom of  t h e  duc t  t o  match t h e  
d r y e r  ex t ens ion  duc t .  A f l a p  ( p r e f e r a b l y  opening inward) i s  c u t  
j u s t  above t h e  d rye r .  Th is  f l a p  i s  opened on c loudy days o r  
evenings  when t h e  a t t i c  i s  c o o l e r .  t h a n  t h e  l aundry  room. (See 
f i g u r e  2,) 

Styrofoam may be used f o r  t h e  a t t i c  p o r t i o n  of  t h e . d u c t  a s  long 
a s  t empera tures  d o n ' t  exceed 1 6 0 ~ ~ .  The lower p o r t i o n  o f  t h e  
duc t  needs t o  be f i b e r g l a s s  o r  m e r m a x  s i n c e  it i s  i n d i r e c t l y  
exposed t o  t h e  h e a t  o f  t h e  d r y e r .  

The a t t i c  c o l l e c . t o r  i t s e l f  was..a 6 f o o t  by 6  f o o t .  s tyrofoam 
sheet.  n a i l e d  t o .  t h e  u n d e r s i d e  o f  - t h e  r o o f -  j o i s t s  a long  a  s o u t h  
f a c i n g  p i t c h .  The a i r  i s  drawn i n  from t h e  a t t i c ,  a long  t h e  
s o u t h  f a c e ,  and down t o  t h e  dryer. .  (See f i g u r e  3 . )  

I n l e t  t empera tures  exceed ing .  100°F were o b t a i n e d  on even coo l  
w i n t e r  days .. 

M r .  S tana.  a l s o  e x p e r i m e n t e d . . w i t h ' a  s o l a r  c o l l e c t o r  des igned .  
e x p l i c i t l y  f o r  t h e  dryer.; But r e s u l t s  i n d i c a t e d  t h e  a t t i c  
cou ld  o b t a i n  c l o s e  .- . to.  . t h e  'same r e s u l t s  f o r  a  l o t ' l e s s  money. 

. . .  . . , .  . . . . . . .  . . . . .  
( ' -  __. . . . 

Figure  4 shows t h e 2 ' k i n d  'o f  peak i n l e t  t empera tu re s  ob t a ined  from 
the .  system. Highes t .were .  g e n e r a l l y  between 2:00 p.m. and 4:00 p.m., 
a l t hough  any d ry ing  i n i t i a t e d  between 1:00 p.m, and. 5:00 p.m. r e -  
s u l t e d  i n  s i g n i f i c a n t . . e n e r g ~ s a v i n g s . .  , ( I n  t h e  summer, i n l e t  tem- 
p e r a t u r e s  remained...above t h e  l aundry  room f o r  s e v e r a l  hours  i n t o  
t h e  e a r l y  evening.)  ,F igu re .  5 shows some. o f  t h e  o v e r a l l  r e s u l t s  

. ....... . .  - obta ined .  . : . , _ _ . . .  : . . 
. . -.. . . . . . . . .  . . .  

Use of. t h e  dev i ce  is .  s imple .  Try t o  d r y  between 2100 p.m. and 
4:00 p.m. on a sunny. day. Use.::the. a t t i c  d u c t  whenever t h e  i n l e t  
t empera ture  (determined w i t h  a  household thermometer i n  t h e  d u c t )  
exceeds t h e  t empera ture  o f  t h e  l aundry  room w i t h  a n  o p e r a t i n g  
dryer .  . . .  ( I f  you. ' re  n o t  s u r e ,  run,  t h e  d rye r .  blower f o r  a  few minutes  
on " f l u f f "  o r  "air1'.:, w i t h ,  t h e  " h e a t i n g  element o f f  . ) The l aundry  
room.may get. s l i g h t l y  warmer.:than u s u a l  when us ing  t h e  duc t  s i n c e  
t h e  d r y e r .  is: n o t  drawing a i r .  from t h e  room b u t  i s  r a d i a t i n g  more 
b e a t .  (This  dev i ce  .sho.uld. n o t  b e ' u s e d  . i f  t h e  d r y e r  i s  i n  a  k i t c h e n  
o r  a r e a  normal ly  - coo led -  by. .an  A / C  i n  t h e  summer .) I n  ' t h e  evening 
o r  on c loudy d a y s , : o p e n  the .  d u c t  f l a p  t o  t h e  l aundry  room. 

.. .. . . 

The method i s  e s p e c i a l l y  s u i t a b l e :  f o r  homes w i t h  an e x i s t i n g  a c t i v e  
ho t  a i r  s o l a r  h e a t i n g  system, and M r .  S t ana  i s  c o n t i n u i n g  h i s  r e -  
s e a r c h  on h i s  own to .  p u r s u e . u s i n g  t h e  same concept  t o  boos t  h i s  
e l e c t r i c  fu rnace .  oxi c o o l  w i n t e r  days .  

; . . . . . .  ; 
: ., :i 

. . 
. . . . .  . . .  

. . .  



A P P E N D I X  C Article Suitable for .Publication (continued) +,:--. - 
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Mr. Stana emphasizes that his solar assisted dryer is not for.. 
everyone. . 13 you have a small 'family, a low elkctric rate,. o'r - 
want to look for big economic payback - 'forget it. But if using 
an otherwise.wasted heat source to save a few dollars appeals to . . -. . 
you, then look up! ... .- . . . . . . 

*. . - . . . .  . c. 

- * . . . .  F I G U R E  1 . -  . . - -  . . 

. . 
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FIGURE 2 

ATTIC DUCT DETAILS 

Author shown- with- prototype 
attic duct used in study 

Attic 

Laundry 
room 
c e i l i n g  

11.5" x 8.5"  
access door 
(opens inward 
for drying in 

, . morning or . 

erenfng) 

Dryer inlet 
extension plug 
in here. 

I I 

// 

L 

. . 

- - , -  u 
- . 

I 

T - .  Therm. 

10' 



ATTIC COLLECTOR AND DUCT 



FIGURE 4 

Waxlmum Inlet temperatures obtahned from attic duet 
(~ongwood, Florida 29 north lattitude) 
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FIGURE 5 
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'. 
APPENDIX D Record of Expenses i 

Grant . . # D~-FG44-80~410101 
... . . . . 

. . .  . . . . . . 
..( , . . ' 9 .  . . . .  

Cost Category Amhunt Budgeted Amount Spent Description 

I Salar ies  $1 / h r  ($120. qb120.00 Over 150. hours were 
maximum) spent on research, 

gathering. t e s t  data, 
and f i n a l  report  
preparation. 

$0 11. Fringe 0.00 
Benefits 

I11 Equipment $2.4.75 7 . . . . . . . .  . . : . . . . .  .. psychrometer 
. - - . . . . . . . . .  , ' . .  ,. 10 O..: :. :. 3 thermometers 

.... .. . ; ,.:. .3.OO. .-.. 1; subtotal  
- . . .  . . .  : IV Consultants -.,,, $0':,;, -:*;.::: 5 ,.- ... 'i_~-:::::::~ 0.00. -,::.:I:..: .... r.. . . - -  . ..- 

. . . . . . . . .  . . . . . . . . .  . . . . . . . : . . . .  v space. cos ts  $60 .-.; .' 0.00.:'., .; . . 
- - I  , '  . . . . . . .  & r e n t a l s  . . . . . . . . -  . . .  _ .,. . . a 

. . . . * .  .. VI' Materfals &, 1 1  : :  . . , __, _ .. , 20..77'.., :. duct. board. 
. . . . . -  - .  . Supplies., . . - .  . &,.... - -: ,:- . . . . . . . .  : ;,?: .I;: . ,. 8 .O1 ; .  :... ; 2. sheets.. styrofoam .. c 

. . . .  . -3 !- *:. ++, .) ;; ,-. , . . !: . - ; 5. j T;,? : :-. -' + :$ .?.,7 C,, - .  . - . .  . . . . . .  14,.32 ..., : aluminugl. f lashing - - . -  ,' :..':.' . . - 
for. absorber. 

. . . . . . .  . . . . . .  . . . . . . . .  .. 1.03: . . black pa in t  
. -  . . . ,.,.! -: . : : .  . . . . . .  . - .. ;. ;,:: I:. 1: ..73 black paint '  

12 30. f i b e r ~ l a s s .  glazing- 
. . . . . . .  . :. 

19 ..3Z.. Thermax. insulation.  
. .  ...y . . . . .  . 
- - i::c , -81.  adhesive^ 

... , V T .  

' .Ci, .. . . :  . - 
5:. .... 

.81. : .  adhesive, .  
.- ..:a: '- . . : . . - .  . . . .  .:!.-. . . . .8l. adhesive.. . . . .  *,< I ?$X*.. . . . . .  . . .  . .  :. 

$, -' .9 2; .....':.. -:.- sealant: :- 
.@j 
.,, 4.04. .' .... duct tape:, : . . . .  

* 7.d. -&... 84.sa; .. .: . Y 

.:. Ti . . %  ' .: .. subtotal  .. 
'? VII Travel, 0.00. . . . . 8:: . . . . . .  . . . V I I I .  Overhead. 0.00:. : . . 

: IX Other: aosts:. . $10' 3..60: .-: - . . . . .  . -. . stamps. 
. . . . .  Phone, stamps,, 4.59.: : pic.ture reprints.  

pr int ing.  picture.. r ep r in t s  
subtotal .  

. . 

.TOTAL. $269 *75 $236.82;. . . .  

. -  . 
' 3  . . . 

Net due DOE: 32..93' 
. . . .  . . 

Interest -  income: from. p ro jec t  '. . .- . - . .  - . . . . . . . . . , . - ', .-. 
. . . .  bankaccount '.: . ; '  ':i.'..-..' . . . . . . . .  . . . :  1 . 3 5  . : .. . . . -  . . 

. .  . . . . . . . .  . _ -  . . . -  . _ . .  - .  . . -. . . .  , . . - .  
. . .  " ' . I  .:. _. . . . _  . _  

Total  returned to .  DOE' . .  $.46 . 28. . . . . .  
- .  .. .. 

. . . .  . r  ' .  . , . ' .  L.'. . . . .  . . . . . . . .  . . . .  - .  . . 
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APPENDIX E 

. -* .* . ..* . . 

Sample of letter sen t  . ,. 

to dryer manufacturers Longwood, Florida 32750 
. .  . ,  

22 February 1980 
. ... . .  - 

.Dear S i rs :  . .~ . . . .  . . .  
. . 

_ . .  . .  . , r  . . -  ' .  ' .. . .  .. : . . ... 
I am writing to  request certain information about yo'ur largest  

sel l ing e l e c t r i c  clothes dryer model. 
I am currently conducting research on a so lar  assis ted clothes 

, '  .. dryer concept funded by the Appropriate Technology Small Grants program 
of the Department of Energy. This concept wouldsupply so lar  pre- 
heated a i r  t o  the dryer i n l e t  to decrease heating element power ' . .  

consumption. The following information will a s s i s t  me i n  determining 
the overall s u i t a b i l i t y  and s ize requirements of a so lar  a s s i s t  device. 

I 
' 

Largest se l l ing  e l ec t r i c  clothes dryer 
Standard s i z e  Large capacity s i ze  

1. Model number , 
2. Capacity (Ib)  
3. Maximum power consumption. z * .  

of a i r  heating element(watts) . ". . .- 

4. Cubic ' fee t  per minute a i r  
volume delivery of a i r  blower . .. 

(maximum expected) 
, . 

5. Location of i n l e t  a i r  supply . -  . ... . " .  
to heating element . . 

. .  . 
. . 6 .  Maximum a i r  temperature 

- .  . - .  . . delivered to  clothes by .'' . 
heating ~.... element . during hottest  . - .  . . .  . . s e t t i ng  :.. . .,; 

7. Minimum a i r  temperature 
del ivered t o  clothes by heating 
element during lowest set t ing 
(Do not include cool down cycle 
wher~ element i s normally off)  0 .  

I f  you are  unadle t o  answer these questions on the basis of 
. . available 1 i t e r a tu re ,  would you please pass t h i s  l e t t e r  on to  someone 

i n  your engineering department. The answers can be f i l l e d  out i n  the space 
above and mailed in the se l f  addressed stamped envelope attached. - . .. 

Thank you very much fo r  your cooperation. 

Truly yours, 

James Stana B.S. ,M. S. Mech. Engr. 

)epavi7ent of Energy 
~ P P  i a t e  Technology Small Grants Program . , 

ra..- n3E-FG44-80R410101 



... $ . .  - ->C7-C.  ,.. . . -  . ._..iy,e.. . Response from dryer l~anufacsturer 

' Whirlpool CORPORATK)N ' . . -  . 

Consumer Affairs Division" -. - 

. . . . 
: : ' z :  UPTON DRIVE. ST. JOSEPH, MICHIGAN 49085 AREA CODE 616 982-6168 

1 . -  ' . . '.". *. . , . . . , . ._ March 28, 1980 . . . . 

. . . . . . . . . . . . . . . . .  -. '.-'...--- ... ,? . . . .  . . .  f?. ... . . -  , . . . . . . - .  ........ .- -..---.- - .  .. 
Mr-- James Stana 

. . . . . . . . . . .  11 8 A1 brighton Drive . . .  . . . .  
Longwood, Fl orida" 32750 

. : . . . .  . . . . . .  . . . .  . . . . . . .  . . .  . . . . .  . . ; :...; 
. . .  . . . . . .  . . . 
: Dear; Mr.. Stana: . -... : . .  4 .  t . . .  . . . .  

. . .  . . . . . . .  . - ." . . 

The following is i n  response . . . .  t o  your request  f o r  information on dryer 
model LAEBOOAO. , ( 

' 2tr6i . . , .  . . . 

- 4 

1 ) Whirlpool has not  produced such a model. We have b u i l t  models . . . .  . D 

LAE8800.and LAE9800. Neither of these  i s  a large  capacity s ize .  

.. . 2 )  A c lothes  dryer capacity cannot s a t i s f a c t o r i l y  be ra ted i n  pounds. 
. . . . . . . . . . .  Our models LAE8800, 9800 have a 5.9 cu. f t .  drum. . . . -. .. .',.:, . . . .. . 

3)  ~ o d e l  s ' ~ ~ ~ 8 8 0 0 ,  9800. had a 5600 &tt heat element. We a r e  now 
:+ . ,-.- "-,. using 5200 watt elements on most models. . 

. . 
.>j. ; -'--..-. . . ' ,  - . .  ... 
- A  ... ..,.. . . 4 )  A t  no . I  back . . pkess"ke e x h a u s t a i r  . .-. .,. flow i s  120-1 50 CFM. : . . .  . . 

3 . - = , 2  . 
.::= - .  

5)  ~ i r -  i; drawn in to  the  heater  box from &&lings i n  var i ,ous .~pl ices  
st,. '.f. 

..+. . around the  cabinet.. I t .  passes over t h e  heat  element, en te r s  t he  j ' 

-..tpn 

..,,* drum cav i ty , .  e x i t s  the  drum t h r u  a 1 i n t  screen and i s  discharged. ' : . 
- - . Enclosed- i s .  ., a .drawi.ng .. of t h e  a i r  flow. 

. . 

6 )    his' i s  a d i f f i c u l t .  question t o  answer. The heat element. reaches. 
a temperature of 1500-17000F. The a i r  i s  heated t o  500-6000F. . . . . . .  .. , . . . . 

Maximum exhaust temperature. i s  control led by a thermostat and i s  : . '  
. . .  l imi ted t o  1550F. - . - .  . . . . 

L .  ' 
. . 

7)  he oderatin thermostat has. about a 15OF d i f f e r e n t i a l  , so  i f  i t  8 opens a t .  155 F; i t  would reclose  at. 1400F. . .- . - 
. . .  

, . . :  . , 

We do, t o  some extent ,  preheat the  a i r  enter ing t h e  d ryer . .  ~ f t e r  i t  has . -  

been i n  operation the  cabinet; motor, and sheet  metal pa r t s  a r e  warmed 
and. a i r  entering. t he  heater  box ,is drawn over. these  warmed par t s .  '. -.:. , 

. . 
. . _ .  -_. _, . . _ .  . . .  ......I. I .  

.*> -. . - ) .  -..- -. - -: ..~ - .:_ i . . _ . L  =. .. . . . . . . . . .  . . . %  ......... . . . . . . . . .  
We have found when.  conducting D.O. E. t e s t s  a 1 % change-in energy usage 
f o r  every 2.50F change. i n  room ambients from the  nominal 75?F, 50% RH. 

. . . . .  

I hope t h a t  .~ this . . information will  be of help t o  you. ,_ . . 
I ,  . . . . 

. . . . . .  . . . . . . . . . . .  . . . . ..-. . 

., . . . .  . , .  . , . . .  _ I  . . _ .  . - - e  J . .  _ .: . . . . . .  . . 

. .': . .:.. . -. . , .' : - .  . .  
Customer Assuranec . .  . . . . .  - .  

Enc. 



Response from dryer mufaoturer . . 
, . -' 

- .  . . . . . . .  - . . . . . .  - - . . _ _ . . . . . . . . . . .  - ,  . . . . . . . . . . . .  
CONSUMERS INSTITUTE General Electric/Hotpoint/AppliJnce Park. Ky. 40225 

. . March 31, 1980 - . .. . 
... . . 

. . . . .  Mr. James Stana 
118 Albrighton Drive 
Longwood, FL 32750 

Dear. M r .  Stana: 
. . . . .  . . .  .- 

W; do hope you kill accept  o u r  apology fo; t h e  delay in responding td  
your letter of February 22, requesting information on our  General . : . 

, - .  . . .  . . .  Electric and Hotpoint dryer- models. . .. - . . .  -. 
. . . . . .  , ,  ' . '; .. ,"?:..:.: 

. . . . . .  - .  . . . . . . .  . . -  . . .  ,.. *.w - 
. .  -7;. 

. 'F i r s t ,  enclosed a r e  forms for. your ,  use  in ordering a service manual . . :%.; 
fo r  t h e  particular d r y e r  model you. se lect  t o  use  in your s tudy .  . Some %.- . f; 
of t h e  information ' you requested. is contained. in t he  service manuals. : .. 

. Secondly, .our  s tandard General Electric and Hotpoint d r y e r  is rated . . .  ..%: g a t  14 Ibs. capacity ( d r y  clothes load) and. t h e  large capacity is 
,, ., .. , , ,- 

rated a t  18 Ibs. ( d r y  clothes load). . . 
. . . . . . .  . . . . . . . . . . . .  

Next, you'll find information regarding. t h e  inlet. air  supply included - : : :. ::' , 
in- t he  full line. catalogues enclosed. . In answer .to questions number . 4  ..' . - i 

. . . .  . regarding cfm, t h e  blower produces .from. 150 to  180 cfm of air  flow..:. : . . . . . . .  Next, t h e  heating coils wattage is approximately 5600 watts. . .  -. . .  . . . . . . . . . .  
-. - . :  . . . . . . . . . . . . .  . . . . . .  . .  . C  . ... . .  . . _ . I . . . .  _,_ _ - -_ - -  . . . 

- -  , 

... . .  We hope t h e  above and enclosed information is helpful and if we can . . . .  , . . 
be- of assistance in any other-  way, please. let u s  hear..from you., 

H G/sj 
Enclosures 
3 .  . .  

. Helen Gibson 
MANAGER-CONSUMER INQUIRY , . . . . 

- . . . . . . . .  . . 
. . 

u I 
Maior Aooliance Business Ctouo 
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, . . . 
G '  

. . - - _ %  ' Response from dryer manufaaturer 
1 .  

. . - .  * .  t .  . . .  

. - - ,  - Mr. James Stana . '; . . .  . . .  
' 118' Albrighton Drive. ': 

Longwood, Florida 32750 . . . . .  
. . 

Dear Mr. Stana: 
. . . . . . . . . .  - .  . . . . .  . :; ...,: i .  ... .. , . . 

. . . . . .  . < .  . . . .  
... . . . . . . . .  ...... . - .. -. ....- < ... . . . .  . . .  

. . " :  ~ou'r. letter of February' 22, requesting information on Maytag 
. electric clothes.dryers, . . has been directed to my attention. . . .  

. . - - 
. . .  . . 

The Ma.ytag Company manufactures one size of compact electric 
. clothes dryer (2.2 . . . . ? .  cubic feet) and.six models of full size 

- _ - _ _ .  - 0 .  .. - .. - :_ .... %. 

electric-cldthes dryers '(6.1 cubic feet). The industry 

, .i.i. ; 
standard for measuring dryer capacity is the volume of the 

,::$;--. dryer. tumbler. measured in cubic feet. 
-,<p ... . . ?.:.,?. . - The heated air enters our full size dryer tumbler. in the ,<.?2. . .:;., 

: . -  upper-right quadrant of the drum,back.. The air flow rate 
. +< 2: . .&. .:. with no venting restriction is approximately 180 cubic feet 
' .kS. 
' . '>  , . per.minute and will. drop to about 150 cubic feet per minute 

with ,a venting restriction.. . . .  
. . . . . . .  \ . . . . . . . . . . . .  

The maximum air temperature (measured in the tumbler using 
thermal. tubes). is. approximately 180° on the highest temper- . . . . . . . . . . . . . .  
ature setting and approximately 1500 on the lowest heat setting. 
The heati'ng.element is rated at 5300 watts at 240 volts. 

I hope this' answers questions you had regarding Maytag clothes 
. . . .  .... dryers. 

Sincerely yours, : ,  

- . . .  ' ~ a n a ~ e r ,  Product Test ~ a b  



C i t y o f  North M i a m i  . 
776 Northeast 125th Street. North Miami, Florida 33161 .-? ? , 

August 7 ,  1980 -.  . 

. . . . . .  M r .  James S t ana  -. . . .  
118 Alb r igh ton  Drive . . J . . , . 
Longwood, F l o r i d a  32750 

. I . .  , 

Dear M r .  S tana :  , . 
. .  , .  . . 

I have r e c e n t l y  l ea rned  of your r e s e a r c h  i n  "Hcatcd A t t i c  
A i r "  f o r  use  i n  c l o t h e s  d r y e r s ,  from a n  a r t i c l e  pub l i shed  . 

- .  i n  t h e  " F l o r i d a  S o l a r  C o a l i t i o n  N e w s l e t t e r "  J u l y ,  1980. . . . .  

. . . . . , 

The C i t y  of  North M i a m i  is c u r r e n t l y  s t u d y i n g  a l l  p o s s i b l e  ::.. 

energy c o n s e r v a t i o n  measures which would h e l p  ou r  c i t i z e n r y : -  
f i g h t  t h e  r i s i n g  c o s t s  of  energy.  A s  your  dev ice  i s  s imple  . 
and r e l a t i v e l y  inexpens ive ,  and from t h e  a r t i c l e ,  o f f e r s  a  . .  
s h o r t  pay-back p e r i o d ,  I would.be m o s t  a p p r e c i a t i v e  i f  you : - -  
could  send a d d i t i o n a l  in format ion  s o  t h a t  t h i s  conse rva t ion  

. . measure can be p re sen ted  t o  t h e  C i t y l . s  Energy Advisory Board ;. 
. . . . . .  . . . .  f o r  c o n s i d e r a t i o n  a s  a  p i l o t  p r o j e c t .  ': ;. . . . .  . . . . . .  

- 
. . . .  . . . I ,  . . . - .- . 

. . . .  . .  - Thank you f o r  your  c o n s i d e r a t i o n  i n  t h i s  m a t t e r .  ' .  a . 
. . . . . . . . .  . .  . . .  . . . .  . .  . . 7' . " 

. .  , - . I  ,; . {  . :s: c::: . - .  , . . . .  - . " , -  

. . . . . .  .A " : 
. :p :,:. , ..:-.*:.-r ;..!-..: 2.u; ;,&:? ;...'I .; + - . . 

a . : . -  " . " .  . ' . . f . '  - < .  . . . . .  S i n c e r e l y ,  . . . . . .  . r : -  - .  . , .  

. . . . . . .  
. . . . .  . . . .  . . . .  ;.. I.-..I.. . .  . . C  r .  . . . . . . . . "  : - . . . . . .  . .. 

. . ... ..... :::.-. . .  
. . .  * - .  . . . .  J .  

. . 
.' .. '.^" ' 

.- . . . 
. Pau l  K.  G la s se r  , -. 

Energy Program Coordinator  _ a . S  . . . .  
.... . . . . . . .._...... .. - .. . ..... _-___. _,'. _..-- .- .---.-P-.-. -- I..-. 



. . 
I '  

'MA Energy A l t e ~ a t i r e s  

118 Albrlghton ~ r h e  ; 

. . .  ,._ . Longwood, F l o r i d a  32750 

. . . . . . . . . . . .  

Thank you f o r  your i n t e r e s t  16 my s o l a r  a s s i s t e d  c l o t h e s  
d r y e r  Appropriate  Technology p r o j e c t ,  

I a m  c u r r e n t l y  i n ,  t h e  middle of e v a l u a t i n g  t h e  f e a s a b l l i t y  
and c o s t  e f f e c t i v e n e s s  of adding  a duc t  from t h e  a t t i c  t o  t h e  
I n l e t  of t h e  d r y e r . '  S ince  I have3 n o t  completed my e v a l u a t i o n ,  
I f e e l .  it would be premature f o r  someone t o  d u p l i c a t e  t h e  
p r o j e c t  a t  t h i s  t ime . .  There a r e  s e v e r a l  open q u e s t i o n s  which 
could  a f f e c t  t h e  recpmmendations o f '  the. s tudy.  Namely;' 

. 1. Measurements of a c t u a l ,  e l e c t r i c i t y  use of t h e  c l o t h e s  
d r y e r  hea t ing  element. f o r  a fami ly  of two i n d i c a t e  an  a v e r a g e  
of 2  lo* per  load  and 24 l o a d s  p e r  month. The energy use of t h e  

. d r y e r  l i m i t s  t h e ' l n i t l a l  investment and payback pe r iod  of any 
. . .  . . .  energy saving device .  -:,. - . . . . .  @ 

2. The c l o t h e s  d rye r -  o p e r a t e s  on h o t t e r  i n l e t  temperatures  
than I was o r l g i f j a l l y  l e d  t o  b e l i e v e .  A i r  e n t e r i n g  t h e  Brum 

i can  approach 280 F w i t h  t h e  h e a t i n g  element on. With 140 s o l a r  .. .I . 
.:heated:. i n l e t  air-,  t h e  savings '  should.  be about  30%. I a m  t ryin-g 
!:to show t h i s  i n a c t u a l  use. experiments..  While h o t t e r -  s o l a r  a.ir 
"might ..... be o b t a l n a b l e  wi th  a s p e c i a l  c o l l e c t o r ,  i t s  ,use would 
*: . 
- r e q u i r e  some c o n t r o l  e lement  t o  a v o i d  overheated c l o t h e s  a t  t h e  
.2b  . ?  !$nd of t h e  cyc le .  
! '.. 3 .  The , i n l e t  duct from the- a t t i c  i s  cons t ruc ted  of 1 inch  
t h i c k  duct  ..board formed i n t o  a 1 f o o t  square duct..  The connect ion 
t o  t h e  d r y e r  I t s e l f  was made wi th  a p iece  of formed aluminum s!  ;,-.'< 

s h e e t  a t t a c h e d .  t o  t h e  h e a t e r  element housing. .  S ince  t h e  h e a t i n g  
element i s  220v and g e t s  extremely ' ho t ,  . t h e  ex tens ion  can only be 
made by. a t r a i n e d  t e c h n i c i a n  o r  s k i l l e d  craf tsman.  The duct  . 

board i t s e l f :  i s  r e l a t i v e l y  expensive ($20) bu t  I a m  con t inu ing  
t o  sea rch  for. a cheaper  s u b s t i t u t e  which can wi ths tand t h e  
temperatures  involved wi thout  degradat ion  o r  r t s k  of f i r e .  . 

4. I have been ~ b l e  t o  o b t a i n  i n l e t .  t empera tures  from t h e  :j. 
a t t i c  as h i g h  as  125 F i n  mid a f t e rnoon .  I am a t t e m p t i n g  t o  C -  2i: 
d e f i n e  a t t i c  l o c a t i o n s  a n d  c o n d i t i o n s  which . ., would. . optimize t h e  . . .  
inlet . '  a i r -  temperature obta'lned. 

. A s  you can see; my r e s e a r c h .  i s  st i l l :  i n  t h e  a c t i v e  s t a g e  
o f  e v s l ~ ~ e t i o n .  A s _  soon as I have p r e p a r e d  my r e p o r t  f o r  DOE, 
I. w i l l  send.. you . . a copy f o r  y o u r  information. .  ' . 

... 
I . . ~. . . . .  

. . . - 
S i n c e r e l y  yours ,  ;.. 

. . . . . . 
? .  . . . - 

^ . .  i . . . .  . . 

ames Stana  . . .  . *, . , . . . :. . . .  > " .  .. - . . . . . .  . . . . . .  ... . . . . . . . . . :  . 3 .  : 
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Inquiry from publisher

...,                                 :k .0. '*     2.-       Ii,) *....: *" .·4. *..
RODALE PRESS

September 18, 198.
Mr. James M. Stana118 Albright DriveLongwood, FL  32750*                     RE:  Employment of Attic Heat to Preheat Air for an Electric C

i

t                Dear Mr. Stana.

I I

i

1. I.

We are presently developing a book which will be an A to Z comp

- 1....

most up-to-date information on home energy conservation.  We wa.

,

0.-:

what's already been written on conservation and report what iS 1

innovative.  The book will, of course, have a do-it-yourself for

As part of our research for this book, we want to find residenti

conservation projects and talented individuals that represent thi

conservation.  As a recipient of an Appropriate Energy Technologl

are doing work in residential energy conservation that may produc

new information, and we would like to know more about your projec

clippings or a summary of your work would be very helpful to us.

most appreciative if you would take the time to write to us about

project.

Thank you for your attention in this matter.  Have a good day.
Sincerely,

- g„-6,3'» a
Joe Carter
Associate Editor

4.'-4

Book Division

,·I.. ·  » 1
4,/:'' - -

./--,1 -I -*  :3

JC:kb

\

Rodale Press. Inc., 33 East Minor Street, Emmaus, PA 18049
215-967-5171 Telex #847338                                7

(f'* 7 0 4  7    a"'v'
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-.) , . . .".:%tisponse - to publisher 
-. . . JMS Energy Alternatives 

118 Albrighton Drive 
, . 

; ;, ! ,. :', .. 4 ,  .. .. . , . . . . . 
. .. . - . . .  . : . . , Longwood, Florida 32750 ... . , : -- . . - .  ... 
Joe Carter 
Associate Editor 
Book Division , . . . 

Rodale Press : . . . 

33 E. Minor. Street : . ' .  

Emmaus, Pennsylvania 18049 

Dear Mr. Carter: :. . ,  . 
I. . . . 

. . . . Thank you for your inquiry concerning my Appropriate 
..Technology study to use a home attic as a preheater for,an- 

I .  
. . ' ,  electric clothes dryer. 3 

The study was undertaken to determine the suitability of 
-using a Southeastern home attic as a source of hgat for 
boosting an ekectric clothes dryer. An inexpensive duct 
(duplicable for- $25)' was constructed of sheet aluminum, 
duct board, and styrofoam to collect hot attic air from the 
peak of the roof and 'introduce it into the inlet of thg dryer. 

.': ..During a year's testing, inlet temperatures of 104-133 F 
were recorded, generally peaking between 2 and 4 pm. Analysis 

* /  of the energy consumption measurements taken indicated a 20% 
4:): T,* annual reduction of energy consumption was possible if most 

:r;f! of the drying was done between 1 and 5 pm. (Higher savings in 
' a .  summer months .) Payback, of course, depends on local cos..t per . :;A 

'.'& kwhr, percentage of loads dried during'sunny periods, and 
. I' -.-.cis number of loads dried per year. Due to the small investment 
.:A 2 : ~  required, payback could occur in as little as one year with 
: a family of four adults. The concept is suitable for both 
retrofits or new construction, especially if an active solar 

.. home heating system is present. If an individual has solar 
hot water heating, he or she is probably already doing laundry 
on sunny afternoons 'to take advantage of the solar water system. 

My final report to the Department of Energy is in 
preparation.. As part of that report, I am including a summary 

- ,  ,article suitable for publication in such magazines as your own 
NEW SHELTER. It. would include details of construction (including 
pitfalls to avoid)', performance results, anda- payback formula. 
I had planned on sending this information to several publications 

, . .. . .  as well as advertise it a.s available to the public for a nominal 
fee (to cover cost of. duplication, postage,. and handling). 
This summary will be available in a few weeks. 



c\* 
. . . . '  APPENDIX E cont  . 

1 would.be happy to send iou this summary, as well as any @ additional information you may desire. 1 trust that if any of 
my information is used in a publication, I will be suitably.. . : .-  

,. . , . . . . . .  credited. . . 

If I can be of further assistance, blr. Carter, 'please . ' 

let me know. I can be reached at the above address or-by phone 
during the day at 800-327-6900 x164 at my place of employment. . 

. . .  My home phone is 305-862-5601. . , . . . . .  . . .  . ,. , . 

Sincerely yours, . . 

. , . A r % 4  8- . ,  

James Stana 

. I.. . . . . . .  

. . 



I11 Description of Equipment Used (continued) 

E. Instrumentation 

1. Three 30- 1 0 0 ~ ~  mercury thermometers graduated in 1°c 
increment's were used in all air temperature measurements 
except where noted. Generally, the inlet temperature of 
the air in the duct was measured along with any other 
temperature of interest. 

2 .  A dry/wet bulb thermometer set was p.laced in the garage 
adjacent to the laundry room to monitor humidity con- 
ditions which would normally' be'encountered by the dryer. 
(instruments 1 and 2 above were purchased from Edmund 
Scientific). 

, .  

3 Two 110 VAC clock timers- were. wired.-.into the dryer cir- 
cuitry to monitor.tota1 fan-on time, cycle duration and, 
indirectly, heater-on . . time. The circuit of the dryer is 
shown in figure 7. 

. --- -.-..---- .- - 

* 
. -  . .-- .  IIRYEIt C O N T R O L  C l  R C U I T  A N D  I N S T R U I ~ I E N T A T I  ON . . . .  - - -. . . . .  ._ . . . . ._  ... _.,_ -+......_.i- . . . . .  . -. 

WARNING ~iscon&>iroin ~lectricai Supply Before Szrvicing . . . .  Unit ,: . . . . 
uro. uvora owe on uonr or r,lr r o ~ l o r ~ w o  u a. r r ~ r u ~ r . .   urn rrrralr rFNOlN0: I~ IS~LLAT.ON NOTE: EXII ':TED LIMITS MAY n E  

3.238.731 >.Yl)8>LIO 1310.8bP .3.3DI..OI 3.IP4.48n ?-lb)..M 1300.481 J.3DL.Ul .  :. INSTAI.~EG nusn wIm # .. :EIIT s m u c l u n E s  
S..OO.D.l 3..71.OJ. X.W.4M I..Dl.M& 3.8lbWO 3.81l.Ml 3.8~1.13* 

LI , " ,  .,,-:-. -. ". . . . .  - . . .  - . O N  TWO SIDES AND REAP ? . . 
_ h2 NON-EXltAUSTED UNITS h,./$i USE EXHAUST UE- 

n E c T o n  AND uusr DE SPACED 4 INCII~S rn6r.i 
R E A n  W A L L  CAl l l l lET SIDES MAY OE INSTALL~.D , .. , , 

n o s 1 1  WlTH AUJAC' .~  S m U C N n E S  . ' : ' 

. . 
. . 

.-. . . . .  -. . . .  

... . . .  . - ' : 

, 
. . 

r ' k 0 . 3 4 3 9 4 3  . . REV D 
. . 

t a k e n  from s t i ckcr  on rear of inach ine  




