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ABSTRACT 

Th is  paper d iscusses t h e  des ign and o p e r a t i o n  o f  t h e  Trane Weathertron 111 Heat Pump Water Hea t ing  
System and i n c l u d e s  a  comparison o f  f e a t u r e s  and performance t o  o t h e r  domest ic water h e a t i n g  systems. 

Domestic water  i s  g e n e r a l l y  p rov ided  through f o s s i l  f i r e d  h e a t i n g  u n i t s  o r  e l e c t r i c  r e s i s t a n c e  water 
hea te rs .  When e l e c t r i c  r e s i s t a n c e  water hea te rs  a re  u t i l i z e d  t h e r e  a r e  t h r e e  a l t e r n a t i v e  e l e c t r i c  heat -  
i n g  concepts a v a i l a b l e  t o  reduce home energy consumption. They a re  desuperheaters.  ded ica ted  heat  pump 
water hea te rs  and t h e  Trane system Weathertron 111. 

Desuperheaters o f f e r  low c o s t  w i t h  good payback and low investment requ i rements .  Dedicated heat 
pump water hea te rs  do n o t  r e q u i r e  i n t e g r a t i o n  w i t h  an a i r  c o n d i t i o n i n g  system. The Weather t ron 111 sys- 
tem i s  an i n t e q r a t e d  a i r  c o n d i t i o n i n g ,  h e a t i n g  and domest ic h o t  water h e a t i n g  system. T h i s  system p ro -  
v ides  demand h o t  water hea t i ng .  I t  has the  b e s t  sav ings and good payback w i t h  h i g h  r e c o v e r y  c a p a c i t y .  
Also, t h e  f r e e  c o o l i n g  p rov ided  d u r i n g  water h e a t i n g  can p r o v i d e  a d d i t i o n a l  d e h u m i d i f i c a t i o n  i n  warm 
humid c l i m a t e s  t y p i c a l  o f  Texas c o a s t a l  areas. 

The b a s i c  components o f  t he  Trane Weathertron 111 system are t h e  outdoor u n i t ,  indoor  a i r  hand ler ,  
water h e a t i n q  u n i t  and computer ized c o n t r o l  cen te r .  Unique aspects  o f  t h e  Weather t ron 111 system des ign  
and o p e r a t i o n  are  desc r ibed  i n  Un i ted  S ta tes  Patent  No. 4,299,098, 4,399,644 and o t h e r s  pending. A s i g -  
n i f i c a n t  f e a t u r e  o f  t he  i n v e n t i o n  l i e s  i n  t h e  f a c t  t h a t  d u r i n g  o p e r a t i o n  i n  any p a r t i c u l a r  mode, t h e  i n -  
a c t i v e  heat  exchanqer o f  t h e  c i r c u i t  i s  vented t o  t h e  s u c t i o n  s i d e  o f  t h e  compressor, so as t o  a f f o r d  
proper r e f r i g e r a n t  c o n t r o l  w i t h i n  t h e  system. 

Annual o p e r a t i n g  c o s t  sav ings v a r y  f rom 27% t o  36% f o r  t h e  t h r e e  systems w i t h  t h e  Weather t ron 111 
hav ins  the  most. When com~ared  t o  a  conven t i ona l  a l l  r e s i s t a n c e  h e a t i n s  svstem and a  conven t i ona l  heat  
pump iystem, t h e  ~ e a t h e r t r o n  111 can 
used i n  a  home. 

INTRODUCTION 

T h i s  paper d iscusses t h e  des ign 
System and i nc ludes  a  comparison o f  f 

save 24% t o  49% o f  t h e  space c o n d i i i o n i n g  and water  h e a t i n g  energy 

and o p e r a t i o n  o f  t h e  Trane Weathertron 111 Heat Pump Water Hea t ing  
ea tu res  and performance t o  o t h e r  domest ic water h e a t i n g  systems. 

Water h e a t i n g  t y p i c a l l y  makes up app rox ima te l y  20% o f  t h e  t o t a l  energy usage i n  a  home, w h i l e  space 
h e a t i n g  and c o o l i n g  a re  60% and lo%, r e s p e c t i v e l y  depending on l o c a t i o n .  Therefore ,  r e d u c i n g  water heat -  
i n g  c o s t s  b y  h e a t i n g  w i t h  a  heat  pump a t  a  COP o f  2.5 would reduce t o t a l  home energy usage b y  10% t o  12%. 

Domestic h o t  water i s  g e n e r a l l y  p rov ided  through f o s s i l  f i r e d  h e a t i n g  u n i t s  o r  e l e c t r i c  r e s i s t a n c e  
water  heaters .  When e l e c t r i c  r e s i s t a n c e  water  hea te rs  a re  u t i l i z e d  t h e r e  a r e  t h r e e  a l t e r n a t i v e  e l e c t r i c  
hea t i ng  concepts a v a i l a b l e  t o  reduce home energy consumption. They are  desuperheaters ,  ded ica ted  heat 
pump water hea te rs  and t h i s  system, which i s  an i n t e g r a t e d  home a i r  c o n d i t i o n i n g ,  h e a t i n g  and h o t  water 
heat  pump. 

Desuperheaters - 

Desuperheaters are  i n s t a l l e d  i n  t he  d i scha rge  l i n e  o f  t he  a i r  c o n d i t i o n i n g  system and e x t r a c t  a  por -  
t i o n  o f  t he  r e f r i g e r a n t  heat  f o r  water h e a t i n g  when the  system i s  o p e r a t i n g .  Desuperheaters o f f e r  a  low 
c o s t  o p t  i o n  w i t h  good payback and low investment  requ i rements .  T h e i r  d isadvantage i s  t h e  non-demand fea -  
t u re ,  i.e., h o t  water i s  p rov ided  o n l y  when t h e r e  i s  a  c a l l  f o r  a i r  h e a t i n g  o r  c o o l i n g .  They a l s o  have 
low r e l a t i v e  sav ings and a re  t y p i c a l l y  r e g i o n a l  i n  t h e i r  a p p l i c a t i o n  due t o  i n s t a l l a t i o n  requ i rements .  

Dedicated Heat Pump Water Heaters  - 
Dedicated heat  pump water  hea te rs  use a  conven t i ona l  vapor compressor c y c l e  t o  e x t r a c t  hea t  f r o m  

t h e i r  su r round ing  environment and t r a n s f e r  p o r t  water hea t i ng .  They a re  g e n e r a l l y  115V p l u g - i n  dev i ces  
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so l i m i t e d  t o  approximately the  same output  capac i t y  as a t y p i c a l  e l e c t r i c  water heater  b u t  a t  a  much h igh-  
e r  e f f i c i e n c y .  Dedicated heat  pump water heaters do no t  r e q u i r e  i n t e g r a t i o n  w i t h  an a i r  c o n d i t i o n i n g  sys- 
tem. They are moderate i n  cos t  w i t h  i n s t a l l a t i o n  ease and have good savings. They p rov ide  hot  water on 
demand and f r e e  l o c a l i z e d  coo l ing  i n  the  summer. The disadvantage o f  dedicated heat pump water heaters 
are poor payback and l o c a l i z e d  w in te r  cool  inq. 

Weathertron 111 - 

The Weathertron 111, i s  an in tegra ted  a i r  cond i t i on ing ,  heat ing and domestic ho t  water hea t ing  system. 
The basic  components of t h i s  in tegra ted  system are the outdoor u n i t ,  indoor a i r  handler,  water hea t ing  u n i t  
and computerized c o n t r o l  center .  I t  prov ides ho t  water hea t ing  on demand. I t  has h igh recovery capaci ty ;  
depending on system s i z e  and weather condi t ions,  It can be b e t t e r  than domestic gas water heaters. I t  can 
u t i l i z e  the outdoor a i r  as a source o r  d i s t r i b u t e  f r e e  c o o l i n q  w i t h i n  t h e  condi t ioned space. Free coo l ing  
i s  the coo l inq  provided t o  the condi t ioned space as a by-product o f  a  water hea t ing  requirement when the 
condi t ioned space can u t i l i z e  i t . It has the best  savings and good payback. I t  f i t s  w e l l  w i t h  e x i s t i n g  
a i r  cond i t i on ing  dealer  d i s t r i b u t i o n  systems. The r e l a t i v e  disadvantages o f  t h i s  system are the h igher  
cos t  and investment and the increased complexity.  

I n  summary then, we have the ho t  water desuperheater system t h a t  heats water o n l y  when the  a i r  con- 
d i t i o n i n g  system i s  c o o l i n q  o r  heat ing.  I t  i s  low i n  cos t  and has best  payback. The dedicated heat pump 
water heater heats water on demand, has moderate cos t  and payback. I t  prov ides year round l o c a l i z e d  coo l -  
i ng  which i s  a  disadvantage i n  the winter ,  and i t  r e q u i r e s  o n l y  plumbing s k i l l s  f o r  i n s t a l l a t i o n .  The i n -  
teqrated Weathertron I I I system heats water on demand, has a good payback, excel l e n t  recovery capabi 1  i ty,  
u t i l i z e s  e i t h e r  indoor o r  outdoor a i r  as a source, prov ides f r e e  c o o l i n g  i n  t h e  Sumner and u t i l i z e s  conven- 
t i o n a l  a v a i l a b l e  HVAC dea le r  s k i l l s .  

TRANE WEATHERTRON-111 OPERATING MODES 

A unique aspect of system design and opera t ion  l i e s  i n  t h e  f a c t  t h a t  d u r i n g  opera t ion  i n  any p a r t i c -  
u l a r  mode, the i n a c t i v e  heat exchanger i s  vented t o  the  suc t ion  s ide  o f  the compressor, so as t o  a f f o r d  
proper r e f r i g e r a n t  c o n t r o l  w i t h i n  the system. This  w i l l  be seen as we view the  var ious operat ing modes - 
space cool  ing, space heating, water heat ing outdoor source and water heat ing lspace cool ing. 

Space Cool inq - 

I n  space cool inq,  heat i s  t r a n s f e r r e d  from the indoor a i r  handler t o  the outdoor u n i t .  F igure  1 shows 
the system opera t ion  w i t h  dark arrows being h igh  s ide  d ischarge r e f r i g e r a n t  progress ing from the compressor 
t o  the water revers ing  va lve (WRV) t o  the r e f r i g e r a n t  r e v e r s i n g  va lve  (RV) t o  the outdoor c o i  1. I n  the 
outdoor c o i l ,  i t  i s  condensed t o  a 1 i q u i d  and passes through t h e  1 i q u i d  1 ine  through the water hea t ing  u n i t  
t o  the indoor c o i l ,  where i t  i s  expanded and absorbs heat.  The low pressure suc t ion  gas r e t u r n s  through 
the revers ing  va lve and the accumulator t o  the compressor. The unused water hea t ing  c o i l  i s  vented t o  suc- 
t i o n  pressure through the water r e v e r s i n g  va lve back t o  the compressor suc t ion  l i n e  as shown by the round 
designat ion on the r e f r i g e r a n t  schematic. 

Space Heating - 

I n  space heat ing,  heat i s  t r a n s f e r r e d  from the outdoor u n i t  t o  the indoor u n i t .  The c i r c u i t i n g  shown 
i n  F igure 2 i s  reversed from t h a t  shown i n  F igure  1 by sw i tch ing  the  r e v e r s i n g  va lve  ( R V )  and one of the 
solenoids i n  the  water hea t ing  module. There again, the  water hea t ing  module remains vented. 

Water Heating Outdoor Source - 
When hea t ing  water d u r i n g  the  spr ing,  f a l l  and w i n t e r  us ing t h e  outdoor source, heat i s  t r a n s f e r r e d  

d i r e c t l y  from the  outdoor u n i t  t o  t h e  indoor water hea t ing  u n i t .  I n  t h i s  case, the  water revers ing  va lve  
(WRV) i s  s h i f t e d  as shown i n  F igure  3 and discharge gas i s  d i r e c t e d  t o  the  water hea t ing  c o i l  t o  heat water. 
I t i s  re turned through an open so lenoid va lve  as a 1 i q u i d  t o  the outdoor c o i l  where i t  i s  expanded and ab- 
sorbs heat. It passes through the normal revers ing  va lve and accumulator back t o  t h e  compressor. When the  
water r e v e r s i n g  va lve  was switched, i t  a lso  vented through the  r e f r i g e r a n t  r e v e r s i n g  valve, t h e  indoor c o i l  
as shown. 

Water Heat inglspace Cool i nq - 
I n  t h e  summer water hea t ing  and space c o o l i n g  mode, heat i s  t r a n s f e r r e d  from t h e  indoor cond i t i oned  

space t o  the  h o t  water, u t i l i z i n g  the  outdoor u n i t  o n l y  f o r  t h e  compressor f u n c t i o n .  F igure  4 shows the r e -  
f r i g e r a n t  c i r c u i t  t o  accomplish t h i s .  The r e f r i q e r a n t  r e v e r s i n g  va lve  i s  used t o  sw i tch  between indoor and 
outdoor c o i l s  as a source along w i t h  appropr ia te  so lenoid va lve  changes i n  the water hea t ing  module. Again, 
you w i l l  note t h a t  the  unused outdoor c o i l  i s  vented t o  suc t ion  pressure t o  manage r e f r i g e r a n t  and ma in ta in  
proper system charge and operat  ion. 
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MICROCOMPllTER CONTROL SYSTEM 

As noted e a r l i e r ,  t h i s  system i s  more complex than desuperheaters  ded i ca ted  heat  pump water hea te rs  
o r  s tanda rd  space cond i  t i o n i n q  hea t  pumps. As a  r e s u l t ,  microcomputer c o n t r o l s  a re  u t i  1  i z e d  t o  i n t e g r a t e  
t h ?  o p e r a t i o n  and d e c i s i o n  makinq requ i rements  o f  t he  system. U t i l i z i n g  microcomputer c o n t r o l s  a l l ows  
a d d i t i o n a l  f ea tu res  and b e n e f i t s  t o  be added a t  min imal  incrementa l  c o s t  f o r  s o f t w a r e  development. The 
b e n e f i t s  prov ided by  t he  system c o n t r o l  cen te r  are  water temperature  s e t  p o i n t  changes, water h e a t i n g  
mode dec i s i ons ,  i n t e l l  i g e n t  n i g h t  and day setback o r  se tup programminq over a  t r u e  seven day week c y c l e ,  
au tomat ic  h e a t i n q  c o o l i n q  chanqeover and t r i p  proqramminq, a l l  o f  wh ich  a re  e a s i l y  en te red  b y  t h e  user .  
I n  a d d i t i o n ,  s e r v i c e  d i a g n o s t i c s  are  a v a i l a b l e .  

C o n t r o l  Center Opera t i on  

The c o n t r o l  c e n t e r  i n t e r f a c e  i nc ludes  a  "banke r ' s  d i s p l a y "  f o rma t ,  wh ich  a l t e r n a t e l y  f l a s h e s  t ime, 
indoor  temperature,  and outdoor  temperature .  The d i s p l a y  can b e  t u r n e d  o f f  o r  on. An annunc ia to r  i n  t h e  
m idd le  o f  t h e  d i s p l a y  i n d i c a t e s  AM o r  PM t ime,  w h i l e  t o p  and bot tom annunc ia to rs  i n d i c a t e  v a r i o u s  o t h e r  
f e a t u r e s .  These annunc ia to rs  a r e  "WARMER" and "COOLER", which i n d i c a t e  a  temporary s e t  p o i n t  ad jus tment  
has been made by dep ress ing  t h e  WARMER o r  COOLER keys. When a  temporary change i n  t h e  h e a t i n g  o r  c o o l i n g  
s e t p o i n t  i s  d e s i r e d  u n t i l  t h e  n e x t  economy o r  comfo r t  p e r i o d  i s  entered,  t h e  user  can depress  the  key once 
and r a i s e  o r  lower t h e  s e t  p o i n t  2°F a p p r o p r i a t e l y  and t h e  annunc ia to r  w i l l  l i g h t .  A  second dep ress ion  w i l l  
move t h e  s e t  p o i n t  an a d d i t i o n a l  2"F, and t h e  annunc ia to r  w i l l  f l a s h .  T h i r d  and subsequent depress ions have 
no e f f e c t .  When o p e r a t i n g  i n  an economy o r  se t -back mode, t h e  ECON annunc ia to r  i s  l i g h t e d .  Economy can be 
i n i t i a t e d  o r  t e rm ina ted  e a r l y  by  dep ress ing  t h e  a p p r o p r i a t e  START o r  END ECON keys. A FAIL 1 i g h t  i n d i c a t e s  
a  f a i l u r e  mode has been encountered and t h e  system i s  o p e r a t i n g  on backup e l e c t r i c  r e s i s t a n c e  heat  i n  e i t h e r  
a i r  h e a t i n g  o r  water h e a t i n g .  The BAT annunc ia to r  i n d i c a t e s  a  weak b a t t e r y  which would cause customer p ro -  
qramming t o  be l o s t  i n  t h e  event  o f  a  power i n t e r r u p t i o n  o f  seve ra l  minutes  d u r a t i o n .  The UNIT ON annun- 
c i a t o r  i n d i c a t e s  normal system o p e r a t i o n  i s  programmed. UNIT OFF r e s u l t s  i n  s h i f t i n g  o f  t h e  s e t  p o i n t s  t o  
50°F f o r  heat  i n q  and 90°F f o r  c o o l i n g .  The DISHWASHER annunc ia tor  i n d i c a t e s  t h a t  t h e  DISHWASHER key has 
been depressed and t h e  water h e a t i n g  s e t  p o i n t  t e m p o r a r i l y  r a i s e d  t o  140°F f o r  one hour .  T h i s  f e a t u r e  i s  
a v a i l a b l e  t o  p r o v i d e  e x t r a  h o t  water f o r  d ishwash inq and o t h e r  a p p l i c a t i o n s  o n l y  when r e q u i r e d  and u t i l i z e  
lower temperature  water  ( t y p i c a l l y  120°F) f o r  o t h e r  domest ic a p p l i c a t i o n s ,  and thus ach ieve a  s i z e a b l e  
energy  sav inqs.  The FAN ON annunc ia to r  i n d i c a t e s  whether t h e  con t i nuous  f a n  o r  automat ic  f a n  mode o f  
o ~ e r a t i o n  has been se lec ted .  

Cus tomer Programmi nq 

Customer proqramminq i s  en te red  th rough  proqramminq ca rds  which change t h e  key f u n c t i o n  w i t h  a  s w i t c h  
on the  face  o f  t he  c o n t r o l  c e n t e r .  Th i s  a l so  changes t h e  annunc ia tor  f u n c t i o n s ,  which a l s o  p r o v i d e  g u i d -  
ance i n  d i r e c t i n g  t h e  customer th rough t h e  programminq s teps.  I n  a d d i t i o n  t o  s e t t i n g  t h e  c l o c k  t ime w i t h  
t h e  proqramminq card ,  t h e r e  a r e  t h e  COMFORT, SLEEP, WORK and TRIP programs. The COMFORT program i s  f o r  t h e  
normal temperatures,  h e a t i n g  and c o o l i n g ,  d e s i r e d  d u r i n g  t h e  occup ied hours .  The SLEEP program i s  f o r  t he  
setbackleconomy mode d e s i r e d  d u r i n g  t h e  n i g h t  t i m e  hours .  The WORK program p r o v i d e s  e n e r g y - c o n s e r v a t i o n  
d u r i n g  the  unoccupied t ime.  The TRIP program u t i l i z e s  t h e  WORK program s e t t i n g s  and a  100°F water temper- 
a t u r e  whenever i t  i s  programmed t o  s e t  back f o r  a  s p e c i f i c  number o f  days and recove r  a t  a  c e r t a i n  t ime  on 
t h e  l a s t  one. As noted,  t hese  programs can be o v e r r i d d e n  t e m p o r a r i l y  by use o f  t h e  END ECON key or  t hey  
may n o t  be u t i l i z e d  a t  a l l  s i m p l y  by  programming START and EN0 t imes  t h e  same o r  temperatures  t h e  same. 

Optimum advantage o f  these economy modes w i t h  a  hea t  pump, i s  o b t a i n e d  w i t h  t h e  i n t e l l  i g e n t  o r  smart  
setback and recove ry .  S i g n i f i c a n t  d e t a i l s  o f  smart heat  pump set -back a re  desc r i bed  i n  U. S. P a t e n t  No. 
4,266,599. I n  a d d i t i o n  t o  setback and r e c o v e r y  t ime,  temperature  s e t  p o i n t s ,  and a c t u a l  indoor  and o u t -  
door temperatures,  i t  i s  necessary  t o  have EQUIPMENT CONSTANTS r e l a t i v e  t o  t h e  b u i l d i n g  s t r u c t u r e .  There 
a r e  f o u r  EQUIPMENT CONSTANTS t h a t  must be addressed f o r  good comfo r t  c o n t r o l  and energy  conse rva t i on .  These 
cons tan ts  a re  s e t  b y  t h e  user  a long  w i t h  t h e  NORMAL WATER TEMPERATURE d e s i r e d .  The COOLING equipment con- 
s t a n t  i s  t h e  outdoor  temperature  a t  which t h e  c o o l i n g  system c a p a c i t y  ba lances t h e  c o o l i n g  l oad  r e q u i r e -  
ments. T y p i c a l l y ,  t h i s  shou ld  be a t  o r  near t he  outdoor  c o o l i n g  des ign  c o n d i t i o n ;  i n  C o l l e g e  S t a t i o n ,  t h i s  
would be 98°F. The HEAT PUMP equipment cons tan t  i s  t h e  ba lance p o i n t  temperature  where t h e  hea t  pump capa- 
c i t y  equa ls  t h e  s t r u c t u r e  load. T h i s  i s  dependent on how t h e  hea t  pump i s  s i z e d  t o  t h e  s t r u c t u r e .  T y p i -  
c a l l y ,  t h i s  m igh t  be 25°F. The HEATING equipment cons tan t  i s  t h e  temperature  where t h e  t o t a l  h e a t i n g  sys- 
tem (hea t  pump p l u s  aux i  1 i a r y  hea t )  ba lances aqa ins t  t h e  s t r u c t u r e  load. S ince  t h e  system must be s i z e d  
t o  have r e c o v e r y  c a p a c i t y  a t  low temperatures ,  t h i s  w i l l  be s u b s t a n t i a l l y  lower than t h e  h e a t i n g  des ign  
ba lance p o i n t .  T y p i c a l l y ,  w i t h  a  24°F w i n t e r  des ign  c o n d i t i o n ,  t h e  t o t a l  HEATING equipment cons tan t  m igh t  
be 0°F. A % LOCK equipment cons tan t  i s  p rov ided  f o r  dua l  f u e l  systems, i .e .  heat  pumps mounted on n a t u r a l  
pas o r  more t y p i c a l l y  o i l  f u rnaces  where economics d i c t a t e  s w i t c h i n g  t o  a l l  a l t e r n a t e  f u e l  be low a  c e r t a i n  
temperature  as t h e  e l e c t r i c  hea t  pump e f f i c i e n c y  d e c l i n e s .  T y p i c a l l y ,  t h i s  m igh t  be 10°F o r  15°F. There 
i s  a  RECOVERY FACTOR which i s  a  customer i n p u t  v a r i a b l e  t o  account f o r  t he  b u i l d i n g  des ign,  s t r u c t u r e  mass. 
i n f i l t r a t i o n ,  e t c .  I t  i s  f a c t o r y  s e t  a t  an averaqe va lue  and ad jus ted  e x p e r i m e n t a l l y  based on a c t u a l  r e -  
covery  t ime  vs. scheduled recove ry  t ime  by t h e  customer and need n o t  be changed once determined f o r  a  p a r -  
t i c u l a r  i n s t a l l a t i o n .  
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Service Tool 

The serv ice  t o o l  has the  c a p a b i l i t y  t o  moni tor  temperatures, customer temperature set po ints ,  f a i l u r e  
mode de tec t ion  and o v e r r i d e  the  system c o n t r o l  t o  f o r c e  i t  i n t o  d i f f e r e n t  opera t ing  modes and monitor which 
devices have been act ivated.  

The temperatures monitored are compressor discharge, outdoor c o i l ,  hea t ing  suc t ion  l i n e ,  water a t  the 
bottom o f  the conventional water storage tank, the ho t  water supply leav ing  t h e  u n i t  t o  the convent ional  
storage tank. the outdoor ambient, t h e  l i q u i d  l i n e  and indoor cond i t i oned  space temperature. 

The f a i l u r e  mode d e t e c t i o n  i s  t o  determine which f a i l u r e  mode occurred, i f  a sensor has f a i l e d  or i f  
an i n t e r m i t t e n t  f a i l u r e  has occurred bu t  not  caused the  system t o  lock ou t  and go t o  backup hea t ing  modes. 

To assure the proper system opera t ion  i n  a l l  modes at  s t a r t u p  o r  diagnose abnormal cond i t i ons  dur ing  
o r  a f t e r  occurrence o f  a f a i l u r e ,  a d r i v e  overr ide/moni tor  mode i s  ava i lab le .  I n  t h i s  mode, the  system may 
be operated i n  any o f  the  normal opera t ing  modes, regard less o f  s e t t i n g s ,  ex te rna l  temperatures and demand 
requirements. This a1 lows t y p i c a l  system opera t ing  pressures and temperatures t o  be checked wh i l e  operat ing . 
The var ious enunciators  on the d i s p l a y  i d e n t i f y  which system components have been energized by  the  c o n t r o l .  

OPERATING MODE LOGIC SUMMARY 

F igure  5 i s  a graphic  p resen ta t ion  summarizing t h e  l o g i c  and opera t ing  modes o f  t h e  heat pump water 
hea t inq  dec is ions.  Depending on the  outdoor ambient and the  water temperature s e t t i n g ,  e i t h e r  the heat 
pump water heater system i s  enabled o r  backup e l e c t r i c  heat u t i l i z e d .  Below 10°F outdoors backup e l e c t r i c  
heat i s  used a t  a l l  cond i t i ons .  Th is  i s  done because o f  t h e  low heat  pump water hea t ing  capac i t y  and the  
need fo r  space hea t ing  capac i t y .  Between 10°F and 25"F, backup e l e c t r i c  heat i s  u t i l i z e d  a t  water tem- 
perature s e t t i n g s  above 130°F and i n  a l l  cases above 140°F water temperature s e t t i n g ,  backup e l e c t r i c  heat 
i s  used due t o  code/contro l  requirements and system d e s i g n l r e l i a b i l i t y  cons idera t ions .  Above the  heat pump 
system balance po in t ,  water hea t ing  has p r i o r i t y  over a i r  heat ing.  Th is  p r i o r i t y  cont inues below the heat 
pump balance p o i n t  u n t i l  a second stage a i r  hea t ing  c a l l  i s  i n i t i a t e d .  Then a i r  hea t ing  has p r i o r i t y  u n t i l  
the load i s  s a t i s f i e d .  Under normal comfort cond i t i ons ,  a f a l s e  35°F heat pump balance p o i n t  i s  se t  t o  pre- 
vent condi t ioned space droop d u r i n g  water heat ing.  This  i s  done t o  prevent  s i t u a t i o n s  i n  t h e  morning above 
the balance p o i n t  when a l l  f a m i l y  members r i s e  and shower c o i n c i d e n t a l l y  which can produce l a r g e  demands f o r  
ho t  water. This  demand, wh i le  met w i t h  the  heat pump water heater.  cou ld  a l low the  c o n d i t i o n  space t o  drop 
unacceptably. Under these cond i t i ons  when there  i s  a second stage c a l l  f o r  heat, t h e  system switches t o  a i r  
hea t ing  w i t h  backup e l e c t r i c  water heat ing.  The f r e e  c o o l i n g  switchover from outdoor t o  indoor source i s  
based on a 70°F outdoor ambient and the indoor c o n d i t i o n  space temperature. 

SYSTEM COMPARISONS 

With t h i s  understanding o f  the Weathertron 111 system, we can now more e a s i l y  rev iew a product  compari- 
son between it, desuperheaters and dedicated heat  pump water heaters. I n  the  water hea t ing  comfort area, we 
see t h a t  t h e  system described here has e x c e l l e n t  demand ac t i va ted  recovery c a p a b i l i t y  compared t o  none w i t h  
the desuperheater and l i m i t e d  capac i t y  w i t h  the  dedicated heat pump type water heater .  From an opera t ing  
standpoint,  a l l  major opera t ing  components generat ing no ise  are ou ts ide  o f  t h e  home and no adverse c o o l i n g  
ef fects  occur dur ing  the  w in te r  t ime  as w i t h  the  dedicated heat  pump water heater system. 

From an installation/application standpoint,  t h i s  system i s  s l i g h t l y  more complex due t o  the  c o n t r o l  
requirements. However, t h i s  i s  o f f s e t  by  u n l i m i t e d  geographic a p p l i c a t i o n  compared t o  a desuperheater . 
and space requirements r e l a t i v e  t o  a dedicated heat pump system. Th is  system i s  in tegra ted  i n t o  a t o t a l  
comfort system whereas the  desuperheater i s  a n c i l l a r y  t o  the heat  pump o r  a i r  c o n d i t i o n e r  u n i t  and the  ' 

dedicated heat pump water i s  a v a i l a b l e  o n l y  f o r  stand alone app l i ca t ions .  

From a product economy comparison, t h e  Trane energy conservat ion system descr ibed here has t h e  h igh-  
e s t  f i r s t  cost  b u t  t h e  b e s t  t o t a l  savings. It has i n t e l l i g e n t ,  d i s t r i b u t e d  f r e e  c o o l i n g  compared t o  t h e  
dedicated heat pump water heater  w i t h  l o c a l i z e d  c o o l i n g  which f i g h t s  the normal hea t ing  system dur ing  the  
w in te r .  This  unique system can be programmed t o  p rov ide  s u b s t a n t i a l  energy savings through reduced water 
temperature s e t t i n g s  and cond i t i oned  space hea t ing  setback/cool i n g  setup. 

F igure 6 shows a t y p i c a l  opera t ing  cos t  comparison o f  j u s t  the comfort c o n d i t i o n i n g  and water hea t ing  
costs  used i n  an average home. The annual opera t ing  cos t  savings f o r  the  th ree  systems vary  f rom 27% t o  36% 
w i t h  the  Weathertron 111 system having t h e  lowest opera t ing  cost .  
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O P E R A T I N G  M O D E  L O G I C  S U M M A R Y  

WATER HEATING HAS PRIORITY OVER 
AIR UNTIL ZND STAGE AIR HEATING 
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TYPICAL OPERATING COST COMPARISON 

BASE SYSTEM 
HEAT PUMP WITH 
ELECTRIC RESISTANCE WITH WITH DEDICATED WEATHERTRON 111 
WATER HEATER DESUPERHEATER WATER HEATER 
51200 B876 16816 7 

ANNUAL 
SAV INGC, 

F i g u r e  6 

A d e t a i l e d  system energy  comparison i s  shown i n  F i g u r e  7 f o r  C o l l e g e  S t a t i o n  f o r  a g a s l e l e c t r i c ,  a l l  
e l e c t r i c  heat  pump, a l l  e l e c t r i c  r e s i s t a n c e  and t h e  i n t e g r a t e d  Wea the r t ron  111 system. The base system has 
a 9.2 SEER i n  coo l  i nq .  I n  t h e  heat  pump mode t h e  HSPF i s  7.0 w i t h  a COP o f  2.7 a t  47°F. The gas heat  has 
a 75% annual i zed e f f i c i e n c y .  

ENERGY CONSIJMPTION COMPARISON 
(COLLEGE STATION) 

ELECTRIC RESISTANCE WATER HEATER 

GAS HEAT ALL WEATHERTRON 
HEAT PUMP ELECTRIC I I I 

COOLING 7180 KWH 7180 6510 KWH 

HEATING 33630 KBTU 2930 KWH 7390 KWH 2930 KWH 

WATER HEATING 26750 KBTU 5880 KWH 5880 KWH 2660 KWH 
FREE COOLING (670 KWH) 
DEHUMIDIFICATION (465 KWH) 

F i g u r e  7 

The p o r t i o n  o f  f r e e  c o o l i n g  i s  broken o u t  f o r  i n f o r m a t i o n .  T h i s  i s  t h e  c o o l i n g  p r o v i d e d  c o i n c i d e n -  
t a l l y  w i t h  a demand f o r  water  h e a t i n a  thus f u l l y  u t i l i z i n g  a l l  energy  i n p u t  t o  t h i s  i n t e g r a t e d  system. The 
e x t r a  d e h u m i d i f i c a t i o n  o r  o v e r c o o l i n g  i s  a l s o  shown. T h i s  e x t r a  d e h u m i d i f i c a t i o n  i s  p r o v i d e d  when t h e  o u t -  
door temperature  i s  above 70°F and t h e  l o a d  r e l a t i v e  t o  t h e  system s e t p o i n t  has been s a t i s f i e d .  T h i s  i s  o f  
p a r t i c u l a r  impor tance i n  humid c l i m a t e s  where a d r i e r  i ndoo r  space c o n d i t i o n  can b e  m a i n t a i n e d  w i t h o u t  t h e  
expense o f  over cool in^. I n  t h i s  example t h e r e  i s  7% more l a t e n t  c a p a c i t y  p rov ided  due t o  t h e  i n t e g r a t e d  
system than  w i t h  a c o n v e n t i o n a l  a i r  c o n d i t i o n e r .  

F i g u r e  R i s  an o p e r a t i n p  c o s t  comparison f o r  t h i s  a p p l i c a t i o n .  I 

COOL I NG 

HEATING 

WATER HEATING 

TOTAL 

SIMPLE PAYBACK (YRS) 

OPERATING COST COMPARISON 
(COLLEGE STAT ION) 

GAS 
HEAT 
rn 
$235 

$187 - 
$925 

+9% 

19 

HEAT 
PUMP 
16503 

$205 

$412 

$1120 

+32% 

5.5 

F i g u r e  8 

80 

ALL WEATHERTRON 
ELECTRIC I 1 1  
S503 $456 

$412 $186 - 
$1432 $847 

+69% BASE 
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T h i s  o p e r a t i n g  c o s t  comparison shows a  s i g n i f i c a n t  economic b e n e f i t  f o r  t h e  i n t e g r a t e d  Weather t ron 
111 system r e l a t i v e  t o  e i t h e r  a  conven t i ona l  hea t  pump o r  an a l l  e l e c t r i c  system. The s i m p l e  payback i s  
v e r y  good compared t o  an a l l  e l e c t r i c  system and accep tab le  r e l a t i v e  t o  t h e  s tanda rd  hea t  pump system as- 
suming a  $1500 incrementa l  c o s t .  Whi le  lower i n  o p e r a t i n g  c o s t  than a  g a s / e l e c t r i c  comfo r t  system, t h e  
l o w  payback cannot j u s t i f y  u s i n q  t h i s  system where gas i s  a v a i l a b l e .  

I n  summary, a  un ique new i n t e g r a t e d  space and water h e a t i n g  system has been presented.  Th i s  system 
y i e l d s  s u b s t a n t i a l  economic b e n e f i t s  compared t o  c u r r e n t  water h e a t i n g  methods such as desuperheaters  and 
s e l f - c o n t a i n e d  ded i ca ted  heat  pump water h e a t e r s .  I t  a l s o  p r o v i d e s  s i g n i f i c a n t  economic b e n e f i t s  r e l a -  
t i v e  t o  s tandard  a l l  e l e c t r i c  r e s i s t a n c e  and heat  pump a i r  c o n d i t i o n i n g  systems. I n  humid c l i m a t e s  t h e  
f r e e  d e h u m i d i f i c a t i o n  p r o f i r l e d  d u r i n g  summer water h e a t i n g  can a l s o  improve the  r e l a t i v e  comfo r t  i n  t h e  
c o n d i t i o n e d  space. 
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