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ABSTRACT 

Development in recent years of direct low tempera- 
ture heat operated cooling equipment has the po- 
tential of improving geothermal economics by enab- 
ling more uniform seasonal load distribution and 
capital amortization. Source temperatures below 
200OF and improved auxiliary power consumption are 
the primary advantages over previously available 
equipment. Of the various types of equipment on 
which development was undertaken, only absorption 
is beyond the developm~ntal stage, being in cur- 
rent volume production. 

Availability of these advanced absorption machines 
in small tonnage capacities (as low as 3 tons) 
facilitates the undertaking of demonstration pro- 
jects at greatly reduced costs, freeing R & D 
monies for instrumentation, analysis and reporting 
expenses. 

INTRODUCTION 

Increasing concern over the cost and availability 
of energy has initiated investigation into alter- 
nate sources of, and more efficient methods of, 
utilizing energy. Coincident concern over ecolo- 
gical considerations and use of non-renewable re- 
sources has encouraged development of naturally 
occuring sources of energy. 
interest are solar and geothermal. 
because of technology development for solar appli- 
cation. The second because much of the solar 
technology is directly applicable and may, in some 
instances, prove to be a more economical applica- 
tion. 

Of particular 
The former 

Both solar and geothermal immediately suggest the 
availability of heat for direct use in space, hot 
water and process heating applications. 
source temperatures suggest electrical power 
generation application. 
focussed on direct heat operated cooling equipment 
with the intent of amortizing the heat source 
development capital over the cooling season as well 
as the heating season. 

Higher 

Recent interest has also 

Historically, absorption machines have been the 
most conmtonly used apparatus i n  direct heat opera- 
ted cooling applications, and init ial  attention 
was directed t o  t h i s  equipment. 

Initiai solar cooling installations using low tem- 
perature heat employed modified versions of com- 
mercially available fuel-operated absorption air 
conditioners in residential application. In com- 
mercial structures, standard equipment [most de- 
rated to lower capacities to operate at the lower 
temperatures) was employed. 

DEVELOP~NT REQUIRED 

The operating experiences gained from these early 
installations indicated the requirement for a new 
generation of equipment designed specifically to 
operate within the parameters imposed by the new 
applications. Design objectives established were: 

1) Full design capacity of the machine to be 
obtained at lower than traditional (230 - 270°F) 
source temperatures. Source temperatures below 
212OF would be desireable. 

2)  Temperature Flexibility: A broader tem- 
perature range must be acceptable to the machine. 

3) Parasitic power (power for such auxi- 
liaries as pumps] to be reduced to absolute mini- 
mum. 
the advantage, if any, the heat operated system 
will have over a conventional electrically driven 
system. 

4) 

The capacity to parasitic ratio determines 

Maintenance requirements must be minimized 
The possibility of over-concentrating the absorp- 
tion machine must be reduced. 

RESULTING EQUIP~NT 

To meet these objectives and bring the resulting 
equipment to the marketplace, machine development 
received federal funding in the absorption, Rankine 
and Brayton cycles. The latter two are in develop- 
ment with field testing of experimental units 
scheduled this year. 

In early 1977 the first two machines designed to 
the new objectives rolled off the production line 
at Arkla Industries. The Model WF-36 was directed 
at the residential market and has a nominal design 
capacity of 3 tons. 
veloped for the light and medium commercial market 
and has a nominal design capacity of 25 tons. The 

The Model WFB-300 was de- 
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capacity rating of both machines is taken with a 
source temperature of 1950F. 
the source temperature. Specifically, the rela- 
tionship to the design objectives are detailed as 
follows and in the accompanying tables: 

Capacity varies with 

I) 
source temperature of 1950F, 170F below the 212OF 
target. 
of pressure code vessels, reducing the system 
costs. 

Full design capacity obtained with 

This makes it possible to avoid the use 

2) Temperature Flexibility: A source tem- 
perature range of 350 - 400F with capacities as 
indicated in the accompanying tables, in addition 
to a relatively high turn-down. 

3) Parasitic Power at Full Capacity: 

25 Ton: Absorption cycle electric - 
300 watts. 
Auxiliary Pumping: 9.6 GPM/ton 

3 Ton: Absorption cycle electric - 
250 watts. 
Auxiliary Pumping: 10 GPM/ton 

Development timing necessitated thc use 
of an off-the-shelf solution pump on the 3 ton 
machine not allowing optimization of the pump for 
power consumption. 
pleting development. 

A new pump is currently com- 

4) Maintenance: Use of relatively dilute 
solution eliminates dilution cycle requirements 
and over-concentrating resulting from uninten- 
tional shut-downs and under-firing conditions. Use 
of inherently self-cleaning dripper fluid distri- 
bution instead of spray nozzles eliminates clog- 
ging problems and reduces solution pump horsepower. 
Use of air-tight construction normally associated 
with low-maintenance requirements of residential 
type construction eliminates periodic solution sam- 
pling and avoids motor driven purging mechanisms. 
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FIGURE 1: CAPACITY & COP TABLE FOR 3-TON MAC~IN~. 

WFB-300 PtRFDRllttSCE AT 85OF COSDESSISG 

FIGURE 2: CAPACITY & COP TABLE FOR 25-TON MACllINE 

FIGURE 3: WFB-300 CYCLE. 

The Arkla SOLAIRE 300 Watcr Chiller operates on 
the absorption principle. 
the energy source, circulating in a closed loop 
between the unit's generator and the solar col- 
lectors. In a second closed loop, the refrigeration 
tonnage is delivered by chilled water which circu- 
lates between the unit's evaporator coil and a 
refrigeration load, Tn a third water circuit, 
condensing water flows through the unit's absorber 
and condenser coils, carrying away the waste heat. 

Solar heated water is 

To begin the cycle, solar heated water cntcrs the 
generator tubes. Its heat vaporizes part of the 
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water r e f r ige ran t  i n  so lu t ion ,  separating i t  from 
the  ~ i t h i u m  bromide absorbent. 

The vaporized r e f r ige ran t  passes t o  the  condenser 
where it gives up i t s  l a t e n t  heat t o  t h e  conden- 
s ing  water and is  l iquef ied .  
through a Wff tube and through the  f l a sh  chamber 
i n t o  the  evaporator, wetting the  outer  surfaces 
of the  evaporator c o i l  tubes. There it is again 
vaporized a s  it absorbs t h e  heat of  t he  refri- 
geration load from the  ch i l l ed  water. The vapor 
then flows t o  the  absorber where it is  again 
l iquef ied  as it combines with the  absorbent i n  t h e  
process t h a t  gives the  cycle i t s  name. 

I t  then flows 

The hot absorbent passes from the  generator t o  t h e  
l i qu id  heat exchanger where it gives up some of 
its hea t .  The pre-cooled absorbent then en ters  
t he  absorber where i t  wets the  outer  sur face  of 
t he  absorber coil tubes and combines with the  
vapor r e f r ige ran t ,  I t  then gives up t h e  remainder 
of  i t s  heat t o  the condensing water flowing in s ide  
the  absorber coil tubes. 

After t h e  absorption process,  t he  reunited r e f r i -  
gerant-absorbent so lu t ion  dra ins  i n t o  t h e  so lu t ion  
sump. From there ,  it flows' t o  t he  so lu t ion  pump 
which moves it through t h e  l i qu id  heat exchanger 
where it is pre-heated before continuing on t o  t h e  
generator t o  repea t  t he  cycle. 

~ e € i n e m e n t s ~  i n  addition t o  the  l i qu id  hea t  ex- 
changer, include: 

1) The Concentration Chamber and Dump Valve. The 
chaniber, by co l l ec t ing  and s to r ing  a por t ion  of 
the  l i qu id  r e f r ige ran t ,  provides the  optimum solu- 
t i o n  concentration f o r  bes t  u n i t  performance when 
en ter ing  condensing water temperatures are i n  t h e  
normal range of from 7501: t o  3 0 0 F .  If condensing 
water temperature drops below 7S°F, t he  dump valve 
opens and empties any s tored  r e f r ige ran t  i n t o  the  
so lu t ion  sump, d i l u t i n g  the  solution. This d i lu-  
t i o n  allows s t a b l e  and continuous uni t  operation 
a t  the  lower condensing water temperatures. 

2) The Solution By-Pass Valve. This valve i s  
opened f o r  a timed in t e rva l  during the  i n i t i a l  
minutes of any s t a r t ,  by-passing so lu t ion  around 
the  absorber coil d i r e c t l y  back t o  the  so lu t ion  
sump. This allows time f o r  the  evaporator t o  be 
f u l l y  wetted w i t h  l iqu id  re f r igerant  before the  
absorber becomes ac t ive .  

3) The Hot Water Control Valve. This valve, i n  
addi t ion  t o  ac t ing  as an on-off device, modulates 
t he  flow of h o t  water ( input energy) t o  t h e  gen- 
e ra to r  according t o  t h e  en ter ing  and leaving 
ch i l l ed  water temperatures. 
temperatures drop below preselected poin ts ,  t he  
valve reduces hot  water flow through the  generator 
by d iver t ing  some hot water i n t o  its by-pass. Thus, 
input energy i s  adjusted t o  match the  re f r igera t ion  
load. 

If e i t h e r  o r  both 

SYSTEM APPL~CATIU~S 

have been proposed i n  various p r iva t e  and fed- 
e r a l l y  funded pro jec ts ,  
systems a r e  b r i e f l y  outlined as: 

The bas i c  types of 

1) Conventional Central Station: The con- 
d i t ioned  s t ruc tu re  has its own heat source and 
cen t r a l  HVAC p lan t  which provides a l l  conditioning 
and DHW (domestic and serv ice  hot water). This is 
the  most common application. 

2) Dis t r i c t  Heating & Cooling - 4 Pipe: A 
cen t r a l  heat source p lan t  simultaneously providing 
hot and ch i l l ed  water i n  separa te  c i r c u i t s  t o  
numerous, physically independent s t ruc tures .  Each 
s t ruc tu re  r e t a ins  independent control over i t 5  
requirements. 

3) D i s t r i c t  Heating G Cooling - 2 Pipe: A s  
i n  number 2 ) ,  but hot water only i s  c i rcu la ted  
during t h e  heating season and ch i l l ed  water on ly  
is c i r cu la t ed  during the  cooling season. DHW i s  
ava i lab le  from the cent ra l  p l an t  only during the  
heating season. 
s t r a i n t s  on the  i n d i v i d u a ~  s t r u c t u r e ' s  a b i l i t y  t o  
determine heating o r  cooling requirements during 
intermediate seasons (Spring and Fa l l )  when f r e -  
quent changeover may be required. 

This system a l s o  p laces  re- 

4) D i s t r i c t  Hot Source - 2 Pipe: The cen- 
t r a l  heat source provides only heat t o  the ind i -  
vidual s t ruc tu res  during a l l  seasons. Each s t ruc-  
t u r e  has i ts  own cent ra l  HVAC and DHW system. Ea& 
s t ruc tu re  independently determines i t s  own re- 
quirements. Provides t h e  economy of a 2-pipe 
system over a &pipe system while providing 
operating mode se lec t ion  f o r  t h e  individual user.  
The l a t t e r  might increase the  p robab i l i t y  o f  suc- 
cess fu l  marketing of t h i s  concept. 

53 Cogeneration: E f f i c i en t  e l e c t r i c a l  
generation requi res  r e l a t i v e l y  high temperature 
sources. To increase overall  system ef f ic iency  
t h e  heat re jec ted  from the generation cycle may 
be used d i r e c t l y  t o  ac t iva t e  the  absorption cyc le ,  
assuming the  heat engine's condensing temperature 
i s  within range of the  absorber's generator tem- 
perature.  
Sandia Labs employing a derated Arkla 100-ton 
machine (io longer produced). 
i s  using the  cooling water from a d i e s e l  generator 
set t o  operate a WFB-300 which provides cooling 
f o r  a t racking  s t a t ion .  Such systems, already 
demonstrated a r e  d i r e c t l y  applicable t o  geothermal 
appl ica t ions  which have su f f i c i en t ly  high tempera- 
tu res .  

Such a system has been i n  use a t  

Additionally, NASA 

The s igni f icance  of these  appl ica t ions  i s  t h e i r  
po ten t i a l ,  however limited, of providing energy- 
in tens ive  work u t i l i z i n g  a v i r t u a l l y  untapped 
ecologica l ly  favorable resource. In some areas,  
it may be poss ib le  t h a t  the  economics are favor- 
able with cur ren t ly  ava i lab le  technology and hard- 
ware. The following t ab le  was prepared a s  a 
ffglancell i n  t h a t  d i rec t ion ,  but a more de ta i led  
ana lys i s  with hard number should be examined f o r  
a proper determination. 

Five d i f f e r e n t  methods of  applying these  machines 
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FIGURE 4 

L O  

Although cquipment currently in development may be 
years from the marketplace, it is interesting to 
see what's Itdown the road". Arkla is currently in 
development of the ('3rdf1 generation of residential 
cooling equipment for a direct low temperature 
application. 
tional concepts in that it has been "turned inside 
out", using the external shell surfaces for heat 
rejection. Distributing the cooling (condensing) 
water directly over the machine eliminates the 
cost of a separate cooling tower, reduces pumping 
energy and decreases scaling by reducing heat flux. 
Prototypes have achieved design goals. 
vious schematic of this evaporatively cooled chil- 
ler shows its basic configuration. 
that it is a *lcut-away'l of concentric shells. The 
heat exchange tubing is circularly wound. 

It is a novel'departure from tradi- 

The pre- 

Please note 

Beyond the 3rd generation machine it is difficult 
to predict events. If sufficiently high tempera- 
tures are made available, it may be practical to 
develop double-effect absorption machines for the 
lower tonnage market. They are currently avail- 
able above SO0 tons. The double effect machine 
requires 3000F internal operating temperatures, 
but offers higher efficiencies than single effect 
machines. 
expcrience in-house. 
by an engineer on the Arkla development staff 
achieved its design COP of 1.20. This is con- 
trasted to the single effect machines which typi- 
cally attain COP'S in the range of .66 to -72 .  
(Note that the WF-36 achieves .80 in off-design 
conditions of 1850F source, 800F condensing, 450F 
CHW) . 

Arkla currently has double effect 
A 15-ton machine designed 

For general information, the following table has 
been abstracted from DOE information and is in- 
tended to demonstrate design objectives of the 
various R E D programs. The absorption curves, 
however, represent developed technology and have 
been overlaid on the DOE data. 

FIGURE 5: DIAGRAM OF 3RD GENE RATIO^ MACHINE. 

CURRENT DEVELOPMENT 
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CONCLUSION 

Current efforts in new energy technology represent 
an investment in the future. It would appear that 
Geoheat represents a relatively untapped resource 
which is available for near-term utilization in 
some areas. If so, increased development effort 
in this area represents a sound investment. 

This dictates the requirement for geothermal 
demonstration programs for problem solving, tech- 
nology development and feasibility determination. 
Where cooling is required, absorption technology 
should be applied and evaluated. Finally, the 
economics should be evaluated from the initial cost 
and savings potential to determine ROI. 

As is occuring with solar, the increased level of 
activity has a significant impact on legislative 
action and may provide a degree of "self-helptt in 
this area. 

Arkla is well-situated to provide technical assi- 
stance in applying absorption cooling to this area 
and welcomes inquiries from individuals preparing 
demonstration projects. 
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