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SECTION 1 

INTRODUCTION AND PROGRAM STATUS 

PROGRAM ORJECTIVE 

This is the second techni.cal progress report prepared by AiResearch 
~anofacturinq Company of California for the United States Department of Energy 
under r.ontract No. EG-77-C-03-1591. The report covers activities from April 1, 
1978 to November 1, 1978. The most important items of work done during this 
period were the system optimization studies and preliminary design. Previous 
documentation includes the first technical progress report (AiResearch Report 
No. 78-14957, Volumes 1 and 2) which covered the work done in the first six 
months of the contract. 

this·program is aimed at jhe development of a solar desiccant dehumidifier 
featuring a rotary bed of granular si I ica gel and a rotary regenerator. This 
dehumidifier can be used for air conditioning through adiabatic saturation of 
the process airstream. Figure 1-1 i I lustrates a complete air conditioning sys
tem based on this principle. 

ROTARY 
REGENERATOR 

EXHAUST SOLAR 
THERMAL 
ENERGY 

MOIST AIR 
L....----'EXHAUST 

Fiqure 1-1. Air Conditioner Schematic 

The desiccant d~humidifier equipment arrangement is shown in 
The regenerator matri~ is a fine screen of galvanized steel wire. 
heater is located between the desiccant bed and the regenerator. 
is as described below. 

Figure 1-2. 
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Warm humid return air .from the residence is directed to the adsorbing side 
of the desiccant bed. Water is adsorbed from the airstream, the temperature of 
which is increased in the process. The air is then cooled by the rotary regen
erator. The specific humidity of this airstream is low enough that its dry-bulb 
temperature can be lowered by adiabatic humidification to levels adequate for 
sensible cooling, while retalning reasonable latent cooling capacity. 

Ambient outside air is used to regenerate the sorbent bed and cool the 
rotary regenerator. This stream is humidified adiabatically and circulated 
through the rotary regenerator. About one-half of this air is then exhausted 
from the package without flowing through the dryer. The remainder is heated in 
a fixed-boundary heat exchanger by solar thermal energy and used to desorb the 
desiccant. 

A minor amount of air directly from outside is circulated through the hot 
portion of the sorbent bed as it rotates from the desorbing zone to the adsorb
ing zone. In this manner, the bed is cool~d to a temperature where it can 
adsorb moisture when exposed to the return air from the residence. This pre
conditioning airflow is then used to preheat the bed prior to desorption, thus 
reducing the solar thermal energy necessary for this process. 

SUfvtv1ARY 

The results of the system optimization studies are presented in Section 2. 
The studies involved an extensive investigation of the energy saving poten
tfal and economic viability of the solar desiccant dehumidifier in different 
locations in the United States. Conventional electric vapor compression, and 
solar absorption and Rankine systems also were investigated for comparison. 

In general, it was found that the solar desiccant equipment, either by 
itself or in a hybrid system with an electric vapor compression air conditioner, 
is economically viable for alI three locations considered. Substantial energy 
savings can be effected as wei 1. 

Section 3 documents the seal tests done at AIResearch to develop practical 
dynamic air seals. Leakage and friction tests were performed on a variety of 
material combinations and configurations. Dacron felt and si I leone rubber were 
found to give an acceptable combination of leakage, friction, and cost 
characteristics. 

As part of the commercialization studies for the desiccant equipment, a 
questionnaire was sent to residential a·ir conditioning equipment distributors. 
The·~esults of the questionnaire are presented in Section 4. 

The specifications and drawings for the 1.5-ton prototype are contained 
in Section 5. 

PROGRAM STATUS 

Figure 1-3 shows the program SChedule, with current status indicated. 
Phase I I (Conceptual Design) has been substantially completed, with the exception 
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of Task I 1-2 (Commercializationl. The commercialization work wi I I be completed 
after coordination with Dunham-Bush. 

Phase Ill (Fabrication, Testing, and Evaluation) has been started. Some 
long leadtime components have been ordered. A detailed fabrication schedule is 
due to be released the second week in November. 

AIRESEARCH MANUFACTURING COMPANY 
Of CALIFORNIA . . 

78-15444 
Page 1-4 



SECTION 2 

SYSTEM TRADE STUDIES 

SUMMARY 

This section includes the final documentation of Task I 1-1 (System Optimi
zation). The information in this section was presented in part as AiResearch 
Preliminary Technical Report No. 78-15349 (August 25, 1978), which was distri
buted to DOE and SERI personnel for re~iew at a meeting at SERI in Golden, 
Colorado on August 31, 1978. Fol lo~ing this meeting, the analysis was extended 
to the detailed investigation and comparison of absorption and Rankine systems. 

In order to adequately study the feasibility of the solar. desiccant system 
in terms of.primary energY- savings and economic viabi I ity, year-round performanGe 
calculations have been oerformed for various system configurations and different 
locations. This report detai Is the performance models and economic assumptions 
used in these studies and presents the results. 

Three locations were chosen as being representative of major applications 
in the United States: Phoenix, Arizona; Apalachicola, Florida; and New York, 
New York. A baseline system was assumed for each location that would provide 
60 percent of space and hot water heating from solar energy, and space cooling 
by a conventional electric air conditioner. The incremental costs and energy 
savings for various desiccant systems were then computed with reference to the 
baseline. Additionally, the economic sensitivity to energy cost escalation· 
rates, i~itial energy cost, and col lector costs were studied. 

In general, it was found that the solar desiccant equipment, either by 
itself or in a hybrid system with an electrii air conditioner, is economically 
viable for alI three locations considered. Substantial energy savings can be 
obtained as wei I. 

Table 2-1 shows the major characteristics of recommended systems found to 
be reasonable for the 1775-sq ft house model used in this study. The systems 
shown provide good year-rounj comfort levels, as well as primary energy savings. 
There are no significant lifetime costs to the user, referenced to the baseline 
system. 

TABLE 2-1 

RECOMMENDED SOLAR DESICCANT COOLING SYSTEMS 

Vapor Compression 
Desiccant Cooling Cooling Capacity, 

Location Caoacity1_ tons tons 

Phoenix, Arizona 4.0 o.o 
Apa I ach ico I a, Florida 1.5 . 1.5 
New York, New York 1 .o o.o 

*Sized by space and domestic water heating requirements. 

~ AIRESEARCH MANUFACTURING,COMPANY 
~ · OF CALIFORNIA 

Collector 
Area, 
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425 
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SYSTEM CONFIGURATION AND PERFORMANCE 

Air Conditioning System Computer Model 

Figure 2-1 shows the complete air conditioning system as characterizeo by 
the computer model used for this study. The model is constructed to allow a 
wide range of system configurations to be investigated. For example, a vapor 
compression air chi I ler is shown in series with the desiccant dehumidifier. 
This arrangement enables different combinations of vapor compression and desic
cant cooling capacities to be tried by changing two input data values. Addi
tionally~ either the desiccant or vapor compression capacity can be set equal to 
zero, so the performance of a purely desiccant or vapor compression system can 
be evaluated. Different control schemes, auxi I iary energy addition methods, 
and equipment characteristics also can be evaluated. 

The performance of the desiccant ~ehumidifier subsystem is also discussed in 
this section. The characteristics of the other major equipment elements are as 
to I I ows. 

1. Humidifiers 

The humidification efficiency (i.e., the ratio of the actual dry b1Jib tem
perature drop to the maximum possible adiabatic dry bulb temperature drop) is 
assumed to be 90 percent. This performance is achievable with a corrugated 
eel lulose ~aturator core. Air side pressure drop is calculated as a function 
of air velocity using a correlation supplied for commercially avai I able satu
rator tore material. 

Under some conditions, it is desirable to bypass some of the airflow 
around the humidifier in the supply circuit. This occurs in l.ocations where 
the conditioned space humidity tends to become too high, accompanied by too low 
dry-bulb temperatures. It has been found that bypassing 20 percent of the 
supply airflow eliminates this problem. 

2. Fans 

The overal I electric power-to-air efficiency assumed for the supply and 
exhaust fans is 50 percent. This figure is representative of good quality 
commercial fans. The fans are two-speed, so that the mass flow rate of air 
can be reduced to 50 percent of ful I flow in order to reduce system cooling 
capacity. 

3. Solar Col lectors 

Efficiency and pressure drop correlations for commercially available double
glaz_ed flat plate collectors are used. The particular collectors selected have 
been used in other AiResearch solar projects, and therefore quality and 
performance are known. 

~ AIRESEARCH MANUFACTURING COMPANY 
~ OF CALIFORNIA 78-15444 
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Figure 2-1. Complete Air Condition~ng System as Characterized by Computer Model 



4. Storage Tank 

The solar thermal energy is stored in an insulated tank ful I of water. 
The storage temperature is I imited to 200°F to eliminate the need for press~re 
vessel construction. Previous AiResearch studies have shown that about 10 lb 
of water per square foot of col lector area provides an economical storage sys
tem, so the size of the tank is varied in proportion to the size of the col lector 
field in the computer model. Convective energy losses are calculated from the 
sides of the tank and piping to the ambient. The losses are not included in the 
cooling load or heating input to the condi~ioned space. · 

5. Space Heaters 

The so I ar and space heaters are assumed to be of ade.quate size to hand I e 
the instantaneous I oad. If adequate so I ar therma I energy is ·not ava i I ab I e from 
the storage tank and collectors, the auxiliary heater i-s switched on. This sim
plified treatment of the heating process is equivalent to assuming that properly 
sized heaters have been selected and instal led. 

6. Domestic Water Heaters 

Domestic hot water preheating coi Is are instal led in the storage t~nk. 
The normal practice in such instal lations is to use a very large coi I yielding 
a very high effectiveness; the preheated water temperature therefore closely 
approaches the storage tank temperature. Like the auxi I iary space heater, the 
auxiliary hot water heater is assumed to be of adequate size to meet any instan
taneous load. 

7. Desiccant Subsystem Solar Heat Exchanger 

The heat exchanger, which is a part of the desiccant subsystem insofar 
as performance goes, is supplied with solar thermal energy from either the 
col lectors or the storage tank, whichever can s~ppl~ the higher temperature. 
In the case when adequate solar thermal energy is not available, and the partic
ular system configuration includes auxi I iary desiccant cooling, auxi I iary ther
mal energy is provided to the solar heat exchanger at a specified temperature. 
The auxi I iary energy is treated as a closed loop; the water leaving the heat 
exchanger returns directly to the auxi I iary heater, and not to the storage tank. 
Therefore, no auxi I iary energy is expended to heat the storage tank. 

Desiccant Subsystem Performance Model 

The desiccant subsystem configuration was the subject of an extensive 
optimization study, the results of which led to the present design. The opti
mization work has been previously documented (Refs. 1 and 2). After review of 
the program by DOE, the capacity of the basic prototype was changed ·from 3 to 
1.5 tons. The performance predictions for the smaller unit are shown in Figures 
2-2, 2-3, and 2-4. In this study, the cooling capacity relationships were scaled 
as needed to correspond to the desired.design-point capacity. 
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Figure 2-3 shows that outside wet-bulb temperature increases wi I I decrease 
capacity and COP. Outside dry-bulb temperature changes have a lesser effect. 

Figure 2-4 shows that increases in inside wet-bulb or dry~bulb temperature 
wi I I increase capacity and COP~ The effect of wet-bulb temperature is partic
ularly pronounced, suggesting that the desiccant sy~tem would be most suitable 
for high latent load application. 

This type of off-design performance prediction must be used cautiously 
because a change in only one parameter is I ikely never to occur in actual opera
tion.· For examp I e, an increase in outside wet-bu I b temperature w i I I most I ike I y 
be accompanied by an increase in indoor wet-bulb temperature due to increased 
latent loads from inti ltration. The net result may be no change in either 
capacity or COP. The computer model of ~he integrated load-system behavior 
accounts for the coup I ing among the parameters. 

Control Schemes 

The purpose of any air conditioning system is to maintain the conditioned 
space in· a comfortable condition. While this appears to be a reasonably simple 
goal, the expression of comfort in measurable parameters is quite elusive. 
Several correlations are available that give the percentage of· persons whb would 
feel comfortable at particular condiTions, but the disparities among these correl
ations indicate very inexact measurements. Furthermore, comfort is generally 
given as a function of dry-bulb temperature and one other variable that indicates 
hum.idity, such as wet-bulb temperature or relative humidity. Both wet-bulb 
temperature and relative humidity are difficult to sense accurately and repeatably 
with simple instruments. It is, therefore, not practical to use humidity as a 
control parameter for a residential air conditioner. 

Figure 2-5 shows the comfort zone used in this study. This zone was con
structed from several of the pub! ished correlations. In the computer model, the 
fraction of the time that the conditioned space is outside the zone gives an 
output of "percent of time not comfortable". This can be an indication of the 
effectiveness of a particular system. The comfort zone is not used to control 
the system. 

Figure 2-6 i I lustrates the control scheme that is included in the computer 
model. Four cooling mode control temperatures, Tvc• Thi• T1 0 , and T0 ff, are 
specified for a particular system as inputs. The system is control led as shown 
based on the control led space dry-bulb temperature. It has been found that 
significant changes in the percent of time not comfortable can often be made by 
shifting these four temperatures up or down by l°F. The best .set of tempera
tures is the highest that would give acceptable comfort levels, since this would 
result in the lowest energy consumption. 

This control scheme has been selected for two primary reasons. First, 
experimentation has sh~wn that good comfort levels can be maintained wJthout 
sensing control led space humidity. Depending upon the location and the system 
configuration, a set of four control temperatures can be selected that wi I I 
match latent and sensible cooling capacity closely to the latent and sensible 
I oads. ' 

~ AIRESEARCH MA~UFACTURING COMI'ANY 
~ OF CALIFORNIA 

78-15444 
Page 2..,.8 



LL.. 
0 

LLJ 
0:::: 
::::> 
1-

~ 
LLJ 
0.. 
~ 
LLJ 
1-

co 
...J 
::::> 
co 60 
~ 
LLJ 
::3 

-54~------------_. ____ ~ 
71 79 82 S-29526 

DRY-BULB TEMPERATURE, °F 

Figure 2-5. Comfort Zone 

The second consideration involves a fundamental characteristic of the desic
cant subsystem. Upon initial startup, several rotational cycles of the desiccant 
bed are required before steady-state operation is achieved. This would be on the 
order of a halt-hour or so. Therefore; _it is not practical to cycle the system 
on and ott to match average capacity to the load as is the practice with conven
tional vapor compression air conditioners. This problem is overcome by reducing 
the speed of the tans, and thus fhe airflow and capacity, when the temperature 
of the control led space drops below a value that would require tul I capacity. 
By this method, the desiccant-bed is kept in operation and the transient startup_ 
problem is avoided. · 

In some locations, i.t is also desirable to by'pass some 
the humidifier when the·tans are turned down to low speed. 
the supply air is normally bypassed, which is sufficient to 
space humidity from becoming too _high. 

Other Solar Cooling Systems 

supply air around 
twenty percent of 
keep the conditioned 

For the purposes of comparison, solar powered absorption and Rankine cool
ing systems can be substituted into the computer model in place of the desiccant 
subsystem. The absorption system used in this study is a conventional single 
effect LiBr/H20 chi I ler. It has a performance typical of that tor commercially 
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avai I able equipment. Currently, new absorption equipment is ·underqoinq develop
ment hy other OOF. contractors. When this new equipment is on the market, 
improved performance should be possible, espec:al ly at low water supply temper
atures. 

The Rankine cooling system is quite unconventional. The equlpment, which 
is now under development at AiResearch under NASA sponsorship, is a combination 
cooling and heating system. Only the cooling function has been used in this 
study. An i~portant feature of this equipment is the integral permanent magnet 
motor, the armature of which is integral with the turbocompressor rotor. A 
schematic of this system is showrr in Figure 2-7. 

Detailed descriptions and performance information for the absorption and 
Rankine cooling equipment are given in Reference 1. 

Example of Computer Model Output 

Figure 2-8 is an example of the output of the AiResearch computer model 
used in this study. Data are tabu I ated for each month of the year, as we I I as 
an annual total. This example shows a 1.5 ton desiccant/2.5-ton vapor compres
sion hybrid system, usfng 500 sq ft of Daystar col lectors, with no auxi I iar~ 
.enerqy addition for the desiccant system. This output was a result of a study 
to optimize the cool inq control temperatures. 

FJ-:ONOMIC MOOFL ANn ENERGY CONSUMPTION ASSIJMPTIONS 
.) 

Rase I ine System Oatum 

The economic analysis conducted for this project is intended to show 
whether or not the solar desiccant system is a viable method of solar-powered 
air conditioning. In most locations, air conditioning is considered a non
esser~tial uddition to a residence, whereas space and domestic hot water heating 
are essential. A basic solar energy system for a house would therefore most 
I ikely be a heating system with either conventional or solar air conditioning 
added as an option. To be proven viable, the desiccant system must be shown to 
be an acceptable alternative to a conventional electric air conditioner when 
added to a basic -so I ar heating system. 

The base I i ne systems for this study are therefore def i n'ed as solar space 
and water heating systems that provide 60 percent of the combined space and 
water heating load for the residence, plus conventiona.l electric air condi
tioners of sufficient size to maintain the residences in the comfort zone at 
least 95 percent of the time during air-conditioning season. The cost and 
energy consumption of the baseline system for a particular location are taken 
as the datum for the comparison of other systems at that location. 

The baseline systems for the three locations are shown in Table 2-2. 
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TABLE 2-2 

BASELINE SYSTEM CHARACTERISTICS 

- Fuel Oi I 
Equivalent (FOE) Vapor Compression 

Collector Consumption, Air Conditioner, 
Location Area_,_ sq ft 106 Btu!_yr tons 

Phoenix, Arizona 175 183.1 4.0 

Apalachicola, Florida 250 146.0 3.0 

New York, New York 1100 138.7 1.0 

Fuel Oi I Equivalence (FOE) 

Electrical and auxiliary thermal energy requirements for a particular 
system are taken from the computer model output. These values do not reflect 
conversion efficiencies. To convert to standard units of FOE, a 65 percent 
efficiency is assumed for the auxi I iary space and water heaters, .and for the 
heater supplying auxi I iary thermal energy to the desiccant system. Electrical 
energy is converted to FOE by applying a 30 percent overal I conversion and 
transmission efficiency. 

Energy Costs and Escalation Rates 

Two significant factors in the economic viability of energy conservation 
systems are (1) the starting costs of energy and (2) the rate at which the costs 
can be expected to increase. Present costs of energy·can be readily found for 
a particular location, but the escalation rate is, unfortunately, a matter of 
guesswork. 

The energy escalation rate is defined as the compound interest rate at 
which the cost of energy Jncreases, exclusive of the effects of inflation. 
That is, 

where 

Therefore, 

(1 +f)= (1 +e) (1 + i) 

f = rate at which ·energy rates increase, decimal 

e = energy escalation rate, decimal 

= inflation rate, decimal 

e = + f - 1 
+ 
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Figure 2-9 shows the range of energy starting costs and escalation rates 
investigated in this study. For the baseline systems, nominal costs of $0.05/ 
kwhr and $3.00/106 Btu were assumed for electricity and fossi I fuel, respectively. 
The nominal escalation rate was taken as five percent. 

Equipment Costs 

1. Solar Col lector Costs 

The cost of solar col lectors and associated plumbing, pumps, storage tank, 
and installation was taken as $20 .per sq ft for the baseli.ne systems. Values 
of $15 and $10 per sq ft were also used i~ the study. 

2. Vapor Compression and Desiccant Subsystem Costs 

The instal led costs of the vapor compression chi I ler and desiccant systems 
are shown in Figure 2-10 as functions of cooJing capacity. The vapor compres
sion prices were assembled from manufacturer's quotations·and construction esti
mating data. The desiccant subsystem cost estimates w~re made by AiResearch with 
consultation from Dunham-Bush~ 

Life Cycle Costs 

The assumed lifetime of alI the syste~s considered is 20 years. This was 
selected as an attainable goal in terms of equipment longevity. Although it 
would be possible to design equipment for longer lifetimes, to do so would 
undoubtedly make the equipment too expensive for residential instal lations. 
Also, it is not realistic to try and project parameters such as fuel costs 
longer than 20 years in the future. 

AI I money amounts referenced in this study are in 1978 dol Iars. Energy 
cost escalation rates, as wei I as the real interest rate, are exclu~ive of the 
effects of inflation. In terms at· the rate charged by banks for residential 
loans, the real interest rate is the compound interest rate that would be 
charged for a loan if the inflation rate was zero. As inflation differs from 
zero, the bank rate ~harged must inc~ude both inflation and the real interest 
rate, as follows: 

(1 +b)= (1 + i) (1 + r) 

where b = total bank interest rate, decimal 

= inflation rate, decimal 

r = real interest rate, decimal 

or, 
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In this study, the bank interest rate was nine and three-quarters percent 
(b = 0.0975), and inflation was s1x and one-half percent (i = 0.065). The 
resulting real interest rate is 3.1 percent (r = 0.031). 

RESULTS 

For each of the three locations, several system configurations are presented 
here. For each configuration, the size of the col lector field is varied over a 
reasonable range, for different values of energy cost and escalation rate, and 
col lector cost. The results show the amount of energy (in FOE terms) that is 
expended or saved each year, and the 20-year I ifetime cost or benefit, referenced 
to the baseline datum. 

In each city, the first system is a solar space and water heating system 
with an electric air conditioner. ·The col lector area that yields 60 percent 
of the space and water heating by solar energy is, by definition, thP. baseline 
systen1. Col lector areas larger than the basAl ine provide additional heating, 
whereas smaller areas rely more upon auxi I iary fuel for heating. Of course, 
the zero col lector area case is a conventional nonsolar heating and cooling 
system. 

The next system for each city is a solar space and water heating system, 
with a desiccant cooling system incorporating auxi I iary thermal energy input. 
When insufficient solar energy is avai labl·e, auxi I iary thermal energy is sup
plied. The zerp-col lector case would be a fuel-fired desiccant system. 

Solar desiccant, absorption, and Rankine systems are shown for each city 
for purposes of comparison. These systems do not have auxi I iary thermal 
augmentation, but the Rankine system is motor augmented. 

Depending upon the requirements of the particular location, some desic
cant and vapor compression hybrids are reasonable configurations. Where 
applicable, these are presented. 

The cooling control temperatures, capacities, and other specific detai Is 
are I isted for the particular systems in the sections that follow. 

Phoenix, Arizona 

Table 2-3 shows the characteristics of the systems presented for Phoenix, 
Arizona. 

Figure 2-11 shows the percent of time in the comfort zone, and Figure 2-12 
shows FOE savings and expenditures with respect to the baseline. Present value 
benefit or cost of the systems at nominaJ col lector and energy costs are shown 
in Figure 2-13. Figures 2-14, 1-15, and 2-16 show present value benefit or 
cost sensitivity to energy escalation rat~s, initial energy costs, and col lector 
costs, respectively, for several of the systems. 
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TABLE 2-3 

PHOENIX, ARIZONA AIR CONDITIONING SYSTEMS 

Vapor 
Desiccant Compression Absorption Rankine 
Capacity Capacity, Capacity, Capacity, 
tons tons tons tons 

0.0 4.0 o.o 0.0 

2.5 1. 5 o.o o.o 

2.5 1 • 5 0.0 0.0 

1. 5 2.5 o.o o.o 

4.0 0.0 o.o 0.0 

o.o 0.0 4.0 o.o 

o.o o.o 0.0 4.0 

*Based on m1n1mum acceptable comfort level. 
**Cooling system switched on and off at Tvc• 

Cooling Control 
Temperatures 

Tvc. Thi T1o Toff 

75 -- -- --
78 77 75 74 

78 77 75 74 

78 77 75 74 

-- 77 75 74 

74** --· -- --
74** -- -- --

Auxi I i ary Minimum 
Cooling Collector 
Thermal Humidifier Area 
Energy Bypass sq fti~ 

I -- -- u 

Yes No 0 

No No 710 

No - No 570 

No No 860 

No No 1000 

No No 0 
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An important relationship in the case of Phoenix is the high sensible 
cooling load requirement coupled with the relatively smal I (175 sq ft) baseline 
col lector area. Although there are moderately high winter heating requirements, 
there is adequate solar radiation in the winter to meet the heating load with 
a smal I col lector. Therefore, the baseline col lector is much too smal I to sup
port a solar cooling system. The lowest col lector area required to maintain 
comfort (with the 1.5-ton desiccant plu~ 2.5-ton vapor compression system) needs 
an addition a I 395 sq ft of co I rector over the base I i ne requirements; the other 
solar systems require even more. The capital costs of these additions must be 
charged against the cooling system. The two nonhybrid nonaugmented systems, 
4.0-ton desiccant and 4.0-ton absorption, require 860 and 1000 sq ft of col lector, 
respectively, which are considerable increases (685 sq ft and 825 sq ft) over 
the base I i ne. 

Fortunately, it is possible to save a considerable amount of FOE by instal
ling these larger col lectors. Figure 2-12, for example, shows that either the 
4.0-ton desiccant or 4.0-ton absorption system can save about 135 x 106 Btu/yr 
FOE at their respective minimum col lector areas. The magnitude of the savings 
is due to the large amount of electricity that is replaced by solar thermal 
energy. Neither the desiccant nor absorption systems benefit from an FOE savings 
standpoint by increasing their col lector areas over the minimum comfort sizes, 
although comfort ~ontinues to improve somewhat. A desirable system may there
fore have a somewhat larger col lector, at the option (and expense) of the pur
chaser. 

A significant advantage of the desiccant system over the absorption system is 
shown in Figures 2-11 and 2-12. In terms of FOE savings on an annual basis, the 
two systems are nearly identical, with the absorption system showing a slight 
advantage with smal I col lector fields. However, in order to maintain the same 
level of comfort in the conditioned space, the absorption system requires about 
16 percent more col lector area than a desiccant system of the same capacity~ 

The two hybrid systems (2.5-ton. desiccant plus 1.5-ton vapor compression, 
and 1.5-ton desiccant plus 2.5-ton vapor compression) are methods of obtaining 
acceptable comfort levels with smaller collector fields than required for either 
the purely desiccant or absorption solar systems. This reduces the fraction of 
the load carried by solar energy, and the FOE savings are reduced accordingly. 

The 4.0-ton desiccant system with the addition of auxiliary thermal energy 
wi I I, as shown in Figure 2-11, keep the conditioned space comfortable nearly alI 
of the time, regardless of col lector area. This is done at a large FOE expense, 
however, as shown in Figure 4-2. An absorption system with thermal augmentation 
was also investigated, with results that were quite similar to the augmented 
desiccant system. 

The 4.0-ton Rankine system is another approach that wi I I achieve comfort
able conditions nearly alI the time with any col lector area, due to the elec
tric motor augmentation in the cooling mode, 9s shown in Figure 2-11. FOE 
consumption at low col lector areas is significantly better than a conventional 
4.0-ton vapor compression air conditioner, as shown in Figure 2-12, but both 
absorption and desiccant systems are superior unti I the col lector area is 
increased to over 1000 sq ft. · 
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The economic picture shows some defini~e advantages for solar cooling, but 
also significant sensitivity to assumed enerqy and col lector cost parameters. 
As shown in Figure 2-13, the major advantage of the desiccant system's smaller 
col lector over that of the absorption system results in a difference in present 
value. About $4000 is saved using the desiccant system over the absorption 
system, primarily due to 1owered col lector expense. 

As previously noted, the nominal escalation rate of five percen~, elec
tricity cost of $.05/kwhr, ana fuel cost of $3.00/106 Btu appear to be reasonable 
estimates. Unless energy becomes more expensive, it is difficult to.show an 
economic advantage for the systems that also Show an energy conservation advan
tage. Figures 2-14 and 2-15 show the behavior of the cost of several systems 
.at different energy escalation rates and starting costs. Higher energy costs 
and escalation rates wi I I result in significant cost improvements. 

Less significant improvements in the cost picture are made by lowering of 
col lector costs. As shown in Figure 2-16, a reduction in instal led col lector 
costs from $20/sq ft for $15/sq ft would improve the 4.0-ton desiccant system 
fro~ about $1000 cost to a $2100 benefit. While this change is less dramatic 
than those effected by energy cost increases, this magnitude of change in 
col lector costs is I ikely to occur as collectors move into mass production, and 
at least this improves the economic problem from a loss to a gain situation. 

Figures 2~13, 2-14, 2~15,. and 2-16 do not include the· effects of any tax 
incentive programs. Arizona has enacted a variety of tax ¢redit programs that 
allow exemptions from property tax and sales tax, and certain deductions from 
an individual 1 s income taxes. The benefit of these programs would d~pend upon 
the taxpayer's income tax situation, and therefore cannot be generalized suf
ficiently to include in a study such as this. However, an income tax credit 
of $1000 is provided that is applicable to almost alI installers of solar energy 
equipment. Since this represents a cash benefit in the first or second year 
of the I ife of the project, this credit would have the effect of shifting the 
cost axis down by $1000 on Figures 2-13, 2-14, 2-15, and 2-16. While this is 
not particularly significant in terms of the overal I cost of the project,· if 
combined with other applicable tax credits it could be important, especially 
since it would tend to reduce the capital expenditure required at the outset 
of the project. 

Apalachicola, Florida 

Table 2-4 shows the characteristics of the seven systems presented for 
Apalachicola, Florida. Figure 2-17 shows the percent of time in the comfort 
zone, and Figure 2-18 shows FOE savings and expenditures with respect to the 
baseline. Figure 2-19· shows present value benefit or cost of the systems at 
starting point col lector and energy costs. Figures 2-20, 2-21, and 2-22 show 
present value be~efit or cost sensitivity to energy escalation rates, initial 
energy cost~, and col lector costs, respective!~, for several of the systems. 
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TABLE 2-4 . 

APALACHICOLA, FLORIDA AIR CONDITI-ONING SYSTEMS 

Vapor 
Desiccant Compression Absorption Rankine 
Capacity, Capacity, Capacity, Capacity, 
tons tons tons ·tons 

o.o 3.0 0.0 0 .o . 

3.0 o.o o.o o.o 

2.5 1. 5 0.0 o.o 

1. 5 1. 5 o.o o.o 

3.0 0.0 0.0 0.0 

o.o o.o 3.0 o.o 

.o .o o.o o.o 3.0 

*Based on m1n1mum acceptable comfort level. 
**Cooling system switched on and off at Tvc• 

Coo 1 i ng Centro I 
Temperatures 

Tvc Thi T1o T off 

74 --. -- --

-- 76 75 .73 

78 76 75 73 

78 76 75 73 

-- 76 75 73 

73** -- -- --
73** -- -- --

-r:- - - - - -- -· - - -· - -· ·- - -· -· - -

Auxi I i ary Minimum 
Coo I i r.g Collector 
·Thermc:~ 1 Humidifier · Area, 
Energy Bypass sq ft* 

-- -- 0 

Yes Yes 0 

No Yes 400 

No Yes 390 

No Yes 2450 

No -- 4460 

No -- 0 

--------- ,_ -~---·~'----"' 
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Apalach1cola has considerably lower space heating requirements than 
Phoenix, but due to the prevalent haze and cloud cover, much less solar energy 
is available fqr collection. Therefore, the baseline col lector is somewhat 
larger (250 sq ft) than Phoenix (175 sq ft). This cloudiness has positive 
and negative effects with regard to the application of a solar cooling system. 
On the positive side, the high h~midity yields a rather low sensible heat 
factor (about 54 percent, depending upon the system). In_ such high latent 
load 3ppl ications, the desiCcant system functions well. 

rm the other hanrl, a s i qn if i cant orob I em does arise on days whe'n the c I ouo 
cover is present during most of the sunlight hours. If the energy storage tank 
temperature rlrops too low, the cool inq capacity of the desiccant or absorption 
system decreases. Add it i ona-11 y, the COP of arr absorption system decreases. 
This problem only can be solverl with a pu~e solar coo: ing system by increas
ing the col lector area so that more energy is collected. figure 2-17 shows 
fhat the 3.0-ton desiccant and 3.u-ton absorption sys~ems require 2450 sq ft 
and 4460 sq ft col lector fields to achieve acceptable comfort. Of course, this 
is not practical. 

The problem can be improved somewhat by enlarging the storage tank, so 
that cloudy period operation can be handled_ by stored energy from sunny periods. 
Figure 2-23 shows the change in comfort maintenance for the 3.0~ton desiccant 
system with 1000 sq ft of col lectors, as the storage mass is increased from 
the standard 10 lb/sq ft to 70 lb/sq ft. Increases above 45 lb/sq ft do not 
result in an appreciable improvement. Even with a larger tank, the 3.0-ton 
desiccant system wi I I require between 1500 and 2000 sq ft of col lector. Com
bined with a 67,500- to 90,000-lb storage tank, this sti I I does not yield a 
practical system. Therefore, nonaugmented solar cooling systems do not appear 
to be feasible in Apalachicola. 

Fortunately, a simple hybrid system consisting of a vapor compression air 
conditioner and a desiccant system can effectively sofve the cloudy day problem. 
Table 2-4 shows two such hybrids, a 2.5-ton desiccant plus 1.5-ton vapor com
pression, and a 1.5-ton desiccant plus 1.5-ton vapor compression. Despite its 
smaller capacity, the 1.5-ton desiccant system is capable of maintaining an 
acceptable level of comfort with a smaller col lector area, as shown in Figure 
2-17, anrl at tarqer FOE savings, as shown in Figure 2-18. This is an il lustra
tion of a possible effect of oversizinq a system, a practice that is common 
in conventional air conrlitioning system design. Often a larger unit than is 
needed is selected to provide a safety factor, with resultant increased energy 
consumption and a decreased comfort level. 

The 1.5-ton desiccant plus 1.5-ton vapor compression system provides 
significant FOE savings at its minimum comfort point col lector area (390 sq 
ft). Since both FOE savings and comfort continue to improve steadily for 
larger col lector areas, a somewhat larger col lector could be justified. Per
~aps 425 sq ft would provide a reasonable system. 

The pure desiccant system with auxi I iary thermal energy, as shown in 
Figure 2-17, is capable of maintaining a high level of comfort. However, this 
is done at a large FOE expenditure, as shown in Figure 2-18. 
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The 3.0-ton Rankine system is capable of maintaining acceptable comfor·t 
I eve Is regard I ess of co I I ector area, as shown in Figure 2-17, due to the motor 
augmentation when there is insufficient solar thermal energy to drive the 
turbine. The FOE savings are slightly less than either of the two preferred 
desiccant/vapor compression hybrids, as shown in Figure 2-18. 

The economic picture at nominal energy and col lector costs favors the 
1.5-ton desiccant plus 1.5-ton vapor compression hybrid. Figure 2-19·shows 
that the present value of the five systems shown is reasonable. ·Because of 
their very large col lector requirements, the pure desiccant and absorption 
systems are not considered. 

Figures 2-21, 2-22, and 2-23 show the sensitivity of several systems to 
variations in energy escal~tion rates, starting energy costs, and col lector 
costs. Higher energy costs and lower col lector costs yield signifi~antly 
improved benefits. 

The thermally augmented desiccant system performs particular·ly poorly in 
the economic comparison. The high cost is dominated by the very high energy 
consumption of this system. Even large col lector areas at low ($10/sq ft) 
cost do not offset the high fuel bi I I, as shown in Figure 2-22. 

At the present time, there are no economic incentives in effect in Florida 
for solar systems. However, the Florida legislature has discussed legislation 
of this type, and it is poss i b I e that programs cou I d be enacte.d in the near 
future. 

New York, New York 

Table 2-5 shows the characteristics of the six systems presented for New 
York, New York. Figure 2-24 sho~s the percent of time in the comfort zone, and 
Figur~ 2-25 shows FOE savings and expenditures with respect to the baseline. 
Figures 2-26, 2-27, and 2-28 show present value benefit or cost for several 
energy escalation rates, initial energy costs, and collector costs, respectively. 

New York has a very high sp~ce heating load, and therefore has a large 
baseline col lector area (1100 sq ft). This is quite a benefit in the analy
sis of any solar cooling system, sjnce the cooling system wi I I not have to be 
charged with much, if any, additional col lector area. For examp_l~, the 1.5-ton 
desiccant plus 1.5-ton vapor compression and the 1.0-ton desiccant systems 
both achieve acceptable comfort levels with col lector areas less than the base
line system. This is the only one of the three cities investigated where any 
solar cooling system showed this benefit. 

While the 1.5-ton desiccant plus 1.5-ton vapor compression and 1.0-ton 
desiccant systems have virtually identical performance in terms of maintaining 
comfort, the 1.0-ton desiccant system effects a slightly greater FOE savings. 
This gives the pure desiccant system a clear advantage over the hybrid in 
terms of reduced complexity. Therefore, New York appears to be a good appl ica
tion for the standard desiccant system. 
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TABLE 2-5 

NEW YORK, NEW YORK AIR CONDITIONING SYSTEMS 

Vapor 
Desiccant Compression Absorption Rankine 
Capacity, Capacity, Capacity, Capacity, 
tons tons tons tons 

o.o 1 .o o.o o.o 
1.0 o.o o.o o.o 

.1 • 5 1 .5 o.o 0.0 

1.0 o.o o.o o.o 
0.0 o.o 1 .o 0.0 

o.o o.o o.o 1 .o 

*Based on m1n1mum acceptable comfort level. 
**Cooling system switched on and off at Tvc• 

Cooling Control Auxi.l i ary 
Temperatures Cooling 

Thermal 
Tvc Thi T1o Toft Energy 

73 -- -- --
74 73 72 Yes 

75 74 73 72 No 

78 74 73 72 No 

72** -- -- -- --
72** -- -- -- --

Minimum 
Collector 

Humidifier Area, 
Bypass sq ft* 

-- 0 

Yes 0 

Yes 1000 

Yes 1000 

-- 1150 

-- 0 
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The absorption system .requires a smal I amount of extra col lector over 
the baseline. As in Phoenix and Apalachicola, this is due to the sharp cutoff 
in COP at low inlet water temperatures. The Rankine system wi I I maintain a 
high comfort level regardless of col lector area by .means of motor augmentation. 

Although some differences exist in the FOE savings shown in Figure 2-25 
alI the systems, including the 1.0-ton vapor compression, have about the same 
behavior as the col lector area is changed. This is because the large majority 
of the solar thermal energy demand is for water and space heating; the air 
conditioning power that is displaced by the solar energy is rather smal I. This 
relationship shows up again in Figures 2-26 and 2-27, which show that t~e price 
of the entire system is heavily dominated by the cost of the col lectors; the 
I ines for alI the systems are virtually coincident on these three figures. How
ever, Ffgure 2-25 shows how significant changes in col lector costs may be. The 
thermally augmented desiccant system does not fare so badly in the FOE and eco
nomic comparisons in New York as did its counterparts. in Phoenix and Apalachicola. 
This is because the air conditioning load is relatively smal I, and the baseline 
col lector is large. 

Due to the sma I I, incrementa I FOE savings and I arge present va I ue costs 
associated with increased col lector sizes, a reasonable system for New York 
would be the 1.0-ton desiccant system with the baseline col lector field 
(1100 sq ft). In essence, this adds solar air conditioning to the baseline 
system at virtually no economic cost, and with a smal I savings in energy. 

It is important to note, however, that although New York would be a good 
location for solar cooling when added to a solar heating system, it is difficult 
to make a valid economic argument for the basic solar heating system. Figures 
2-26, 2-27, and 2-28 show that present value benefi.ts with respect to the base
line are obtained by reducing the col lector area to zero. Of course, this indi
cates that solar projects will, in general, not be too success.ful in New York 
City. 
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SECTION 3 

SEAL DEVELOPMENT 

BACKGROUND 

This section describes the seal development work done dS part of Task I 1-3 
(Subsystem Design). Early in the program, seals were identified as a potential 
problem area. Excessive seal leakage and friction would reduce system performance 
to unacceptabl-e levels. Although the pressure differential across the seals is 
estimated to be below 1.0 in. H20, the system requires about 60 linear ft of 
seals to contain the various process airstreams. Under these conditions, careful 
attention must be pa.id to the design of the system seals. Three different types 
of seals are used in the system: (1) linear seals along the vertical wal I of 
the desiccant and regenerator drums, (2) circular seals at the top and bottom 
surfaces of the drums, and (3) radial seals on the circular surface at the bottom 
of the regenerator drums. 

To take advantage of existing technology, Mr. Stephen Fitch, President 
of Bry-Air, was engaged to act as a consultant on the program. Figure 3-1 
shows a typical seal successfully used by Bry-Air on commercial desiccant 
systems. The seal consists of a stationary si I icone rubber flap dragging on 
the rotary surface. This seal's I ife is reported to be in excess of five years 
of continuous operation. It is used by Bry-Air for alI three types of seals 
defined above. The use of this seal concept on the AiResearch dehumidifier
would result in a drum drive power requirement of about 0.75 kw. This value 
was estimated using torque data measured on Bry-Air desiccant wheels. 

In an effort to reduce seal friction, an investigation was initiated 
involving alternate seal concepts and materials which would possess satisfactory 
leakage and friction characteristics while offering the potential for low produc
t ion c·ost. 

SEAL SELECTION 

A number of seal configurations were examined including (1) labyrinth type 
seals, (2) roller type seals, (3) wiper seals, and (4) friction.seals pressur
ized with extruded rubber sections. Because of the difficulty in maintaining 
a high dimensional accuracy on the desiccant and regenerator surfaces, the seal 
design must be able to accommodate run-out during operation. For this reason, 
the wiper type seal was selected. Other types of seals designed to allow for 
1/8-in. movement of the drums would require complex mounting and/or result in 
relatively high pressure on the drum with attendant high friction and wear rate. 
The two basic seal configurations selected are depicted in Figures 3-2 and 3-3. 

The I inear seal is similar to that used by Bry-Air. It uses the $arne 
silicone rubber which acts to pressurize a Dacron felt pad on the sealing 
surface. The si I icone rubber maintains adequate pressure on the·seal with 
the air pressure in either direction relative to the direction of rotation. 
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Fiyure 3-1. Typical Bry-Air Seal 
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Figure 3-2. Linear Seal Configuration 
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Figure 3-3. Circular Seal Configuration . 
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For circul a r seals as shown in Figure 3- 3 , a thin strip of re latively 
soft s i I icone rubber is used with a Dacron felt pad on each s ide providing 
the sealing surface. The seal fits into a circular channel which rotates 
with the drum . The pressure across the sea ls changes direction as the 
drums rotate around their axis . The soft rubber i s used to permit easy 
seating of the seal on either surface. This conf iguration a lso results 
in a smal ler package in comparison to the design shown in Figure 3- 2. 

The se lection of Dacron felt as the seal ing surface was made as a result 
of a sear ch for a material which would prov ide minimum leakage , minimum fric
t ion, and long I ife under operat ing condit ions . Materials considered included 
(1) Tef lon felt, (2) thin Tef lon sheets , (3) Dacron felts of various dens ities 
(4) thin Ce lcon (Celanese) sheets, and (5) Teflon p il e. 

The Teflon materials were rejected because of their h igh cost . Prel imi 
nary tests on thin sheet materia ls showed high leakage in comparison to the 
felt mater ia ls . Also, a bonding prob lem between t he si I icone rubber and t he 
pad may exist for the configurations selected . Scr atching when hand I ing thin 
sheet materials ind icated that these materials may not have desirable wear 
characteristi cs . As a result, Dacron fe lt was se lected as the pad material . 
Leakage and friction charact eristics of this mater ial (in the configurations 
shown in Figu res 3- 2 and 3- 3) were determined. 

SEAL TESTS 

Leakage Tests 

Two test ri gs were designed and assembled to determine the leakage charac
teri s ti cs of the conf igurat ions se lect ed . Figures 3- 4 and 3-5 are photographs 
of the test rigs with the covers removed to show the seals under test . The ends 
of the sea l str ips were sea led at the interface with the test rig to elim inate 
end effects . Initi a l testing revealed that leakage through the ends overshadowed 
any leakage through the sea li ng surface under the Dacron felt pads . The lengths 
of the seal test section were 12 in. and 24 in . for the ci r cular and I inear 
seals , respectively. 

Leakage test data are p lotted in Figure 3-6. For the I inear seal, two 
ser ies of tests were conducted correspond ing to cond itions i n wh ich the air 
pr essure on the s ili cone rubber is in the direction of rotation , or v ice-ver sa . 

Consi derin g the very low pressure differential across t he sea ls (see 
Figure 3-7 ), it is es timated that the max imum air leak through any one sea l 
wi I I be on the order of 0 . 5 cfm. Estimat ed leakage data are shown in 
Figure 3-8 . The data show that seal leakage is insign i ficant in compar ison 
to the process airf low streams I i sted below: 

Return air from residence: 

Humidified outside air: 

Precondition ing air from outside: 
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Figure 3-6. Leakage Te~t Data 
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The data shown neglect .linear seal end ettects, which could yield leakage 
rates one order of magnitude higher than those shown. In the final seal design, 
careful attention wi I I be paid to the detailed arrangement of the seal inter~ 

faces to assure positive sealing throughout. 

Friction Tests 

Samples of silicone rubber, D~cron felt, Teflon pile, and Celcon sheets 
were prepared and tested on inc! ined planes of aluminum and perforated steel 
to determine relative friction coefficients. The test data are contained in 
Table 3-1. 

TABLE 3-1 

COEFFICIENT OF FRICTION OF CANDIDATE MATERIALS 

Material 

Aluminum Plate 

Perforated Steel Plate 

S iIi cone 
Rubber 

1 .o 

0.8 

Dacron 
Felt 

0.19 

0.23 

Teflon 
Pile 

o. 17 

0.23 

Celcon 
Sheet 

0.23 

0.23 

Both the Dacron felt and the Teflon Pile displayed a higher coefficient 
of friction on the perforated plate than on the solid aluminum sheet. This 
is probably due to a slight penetration of these materials into the holes of 
the perforated plate. The pressure used on the test sample was 0.15 lb/in. 
which is representative of the pressure exercjsed by the deformation of the 
I inear seal strips. 

Using these data and previous estimates of the power required to drive 
the drum with si I icone rubber seals, it is estimated that with the Dacron 
felt pads and the si I leone and the seal configuration shown in Figures 3~2 
and 3-3, the power wi II be reduced from 0.75 kw to 0.08 kw. This value is 
considered acceptable. 

CONCLUSIONS 

The seal concepts selected arpear satisfactory in terms of leakage and 
friction. No wear tests were performed. However, an evaluation of seal wear 
during development is planned. This wi I I be done by weighing the seals care
fully prior to assembly in the system. Following development testing, the 
seals wi I I be examined for signs of wear and wi I I be weighed again to deter
mine weight loss due t6 wear. 

Should the Dacron felt be found unacceptable in terms of the 20-year 
I ife goal of the system, the material investigation wi I I be started again 
and candidate materials wi I I be checked for wear on a test rig designed for 
this purpose. All candidate materials wi II be tested concurrently at an 
accelerated rate. 
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SECTION·4 

MARKET SURVEY 

INTRODUCTION 

A market survey was conducted by Dunham~Bush as part of Task I 1-2 
(Commercialization).· A questionnaire was prepared that Dunham-Bush residential 
equipment distributors were asked to fi I I and return. A total of 41 responses 
was received with most of the questions answered. The distributors contacted 
were primarily from the northeastern area of the United States where the 
largest portion of Dunham-Bush equipment is sold. 

These distributors market a variety of products including HVAC equipment~ 
plumbing and electrical supplies, etc. The distributors are not technically 
oriented as a rule, but are successful businessmen. In view of the background 
of the population to be surveyed, it was decided that the solar system would 
be treated as a black box and the explanation of the intricacies of the so.lar 
desiccant system would not be attempted. 

The questions, answers, and comments are presented below. The following 
observations are pertinent: 

(a) The distributors plan to market solar equipment if it could become 
a significant part of their business. 

(b) First cost is a major factor in marketing this type of equipment. 

(c) A payback period of about 5 years appears acceptable. 

(d) The distributors expect low-cost equipment not commensurate with 
the present cost of solar col lectors. 

(e) A government incentive wi I I be necessary to reduce first cost. 

Survey Data 

Question 1. Are you now marketing any solar equipment? 

Yes No 

7 34 

It is somewhat surprising to find that 17 percent of the distributors 
are presently carrying solar equipment I ines. 

Question 2. Do you plan to market solar equipment? 

Yes No 

31 5 

~ AIRESEARCH MANUF~CTU~ING COMPANY 
~ OF CALIFORNIA 78-1"5444 

Page 4-1 



Only 36 answers were registered· here. The rema1n1ng five answered 
"don't know" or are waiting to better assess the market potential. 

Answers to questions 1 and 2 are indicative of the public awareness 
of solar systems and also of their confidence in the development of 
a marketplace. A minimum of 75 percent of the distributors surveyed 
plan on marketing solar equipment. 

Question 3. Which is more important to your customers: solar heating 
or solar cooling? 

Heat Cool Don't Know 

31 2 8 

The answers to this question reflect the geographical area of the 
u.s. where the distributors are located. 

Question 4. Are customers wi I I ing to pay a premium over conventional 
equipment? 

- Yes No Don't Know 

22 4 15 

Of the five "no" answers to question 2,_ three also answered "no" to 
question 4. The 15 "don't know" answers are indicative of the smal I 
number of distributors currently marketing solar equipment. Of the 
seven distributors who currently market sola~ equipment, six answered 
"yes" to this question. 

Question 5. What do you feel would be most effective concept in sel I ing 
the extra cost? 

Savings on Utility Bills Return on Investment Payback Period 

28 5 8 

For residential equipment, it appears that the "return on investment" 
and "payback period" concepts are not sufficiently clear or are not 
wei I understood terms. Yearly savings wi I I have to be stressed 
and customers helped to understand simple payback. 

Question 6. Do you feel a solar system is more important for retrofit (add
on) or new construction? 

Retrofit 

16 
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Six of the seven d\stributors who currently market solar equipment 
answered "new construction". Considering the number of existing 
dwel I ings compared to new construction, it is understandable that a 
large portion of the solar market wi I I involve retrofit. 

Question 7. Do you feel there is a preference for roof mounted col lectors 
or ground mounted col lectors? 

RETROFIT. NEW CONSTRUCT I ON 

Roof Roof 

16 30 

Ground Ground 

16 6 

The answers are as expected. The orientation and design of roofs 
in existing houses may not be sui tab I e for co I I ector mounting. In 
a large portion of retrofit instal lations, ground mounting would 
be necessary. 

Question 8. What is the maximum payback period that you think you 
cou I d se I I? '<This is the number of years it takes to get 
the added cost back.) 

3 Years 10 Years 

2 15 

5 Years 20 Years 

24 0 

The acceptable payback period for a residential installation appears 
to be longer than five years and as long as ten years. The number 
of "10 years" answers is surprising. 

Question 9. Assuming the payback is acceptable, what percentage of 
your sales of heating systems (or combined heating/cooling) 
would be solar? 

Less than 2 percent 

5 

2 to 5 percent 

12 

5 to 10 percent 

10 
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'This question shows. that solar instal lations would represent about 
10 percent of the total market. This is sufficient to support a 
very healthy solar industry if the predictions are realized. 

Question 10. Assuming the payback is acceptable, what percentage ot 
cooling system sales woUld be solar? 

Less than 2 percent 10 to 20 percent 

9 2 

2 to 5 percent 20 to 30 percent 

9 

5 to 10 percent Over 30 percent 

7 

Again, the geographical area covered by the survey is evident, and 
the answers are consistent with the answers to question 3. 

Question 11. Ho~ sensitive do you feel the market is to first cost 
rather than payback or some other criterion? 

Most important Important Not important 

16 25 0 

Obviously, the first cost is a very important aspect of marketing 
residential systems. Studies conducted have shown that solar col lec
tors are the highest cost item and the first cost of a solar system. 
A solar system is several times (as much as an orde~ of magnitude 
higher) than a conventional system. In the present market, government 
intervention in the form of tax writeoffs or credits appears to be 
mandatory unti I the solar industry is geared for high volume pro
duction. Major efforts must be continued to develop low-cost 
co I I ectors. 

Furthermore, I ife cycle cost, payback period, or cash flow wi I I have 
to be stressed in order to justify much higher first cost (even at 
minimum solar col lector cost with government incentive). 

2Yestion 12. Do you have any preference for an air col lector system or 
a wet col lector system? 

Air Wet Don't Care 

15 12 14 

The deiiccant system could be designed to operate with either an 
air or liquid col lector. In its present configuration, a wet 
col lector is used. 
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Question 13. What percenta~e of your dealers a~e c~~able of instal I ing 
(with some training) a solar system? 

Less than. 10.pertent ·25 to 50 percent 

13 8 

10 to 25 percent Over 50 percent 

12 7 

These answers represent a judgment by people not faml liar with The 
jetai I~ of instal! ing such solar ~ystems. Of the seven distributors 
a I ready mar·ket i ng so I ar equipment, .four answered 25 t·o 50 percent and· 
one over 50 oercent. 

Question 14. Are customers becoming used to the idea of the increased 
bulk of solar equipment (water tcnks, rock bins, col lecTors 
outside, etc.)? 

Yes No Don't know 

12 5 20 

No comments. 

Question 15. What do you feel should be the mtntmum solar contribution 
(savings) to a heating 6r cooling system to be salable? 

10 percent 20 percent 30 percent 40 percent 

0 5 14 7 

50 percent 60 percent 70 percent 80 percent 

8 4 0 

90 percent 100 percent 

0 0 

The minimum acceptable appears to be near 40 percent. This is 
relatively low. Desiccant system augmentation presents a problem 
because of the low basic COP of the process. For relatively low 
solar contribution (on the order of 40 percent), a hybrid system 
with conventional vapor compression would be necessary. 

Question 16. Say that the instal led cost of a 3-ton heat pump system 
is $4000. How much additional instal led cost would a 
typical customer pay for a solar. system which would lower 
his utility bi I Is by 40 percent year-round? 
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$2000 $6000 

13 10 

$4000 $8000 

17 0 

A 40 percent reduction in heating/cooling cost may correspond to a 
400-sq ft col lector. Using a $4000 added cost for solar installation 
would hardly pay for a $10/sq ft col Lector without any other equipm~nt. 
Although a $10/sq ft col lector is feasible, this type of economic 
inspection must be supp I emented b·y more deta i I ed ana I ys is of economic 
factors and presented to the public in a simplified manner. As was 
ascertained earlier, first cost of solar equipment is a very important 
factor. 

Question 17. How much additional cost would a consumer pay over and above 
a $10,000 solar assisted heat pump heating system for a 
solar cooling system (with an EER of 30)? 

$1000 $4000 

5 11 

$2000 $6000 

9 2 

In the geographical area covered by the survey, the additional col lec
tor area necessary to provide cooling over and above that necessary 
for heating is relatively smal I, and the cooling loads are relatively 
low. It follows that th~ additional $2000 to $4000 involved in the 
installation of a dessicant system may be adequate. 
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SUMivlARY 

SECTION 5 

1 .5-TON SOLAR DESICCANT DEHUMIDIFIER 
PROTOTYPE SPECIFICATIONS AND DRAWINGS 

This section constitutes ·the final documentation for Task I 1-3 (Subsystem 
Design) and Task I 1-4 (Des1ccant Subsystem Specification). Performance predictions, 
whiGh are the basis for the design, appear in Section 2 of this repor-t. Design 
parameters are I i sted be I ow, and the drawings from which the prototype w i I I be 
bu i It are inc I uded her-e. 

Figure 5-1 schematically shows the major equipment that .is included in 
the prototype unit. The rotary desiccant bed, rotary regenerators, solar heat 
exchanger, and humidifiers areal I enclosed in the equipment package. Also 
included are secondary items,_ such as the mechanical drive mechanism. Supply 
and exhaust fans are to be externally mounted. 

ROTARY 
REGENERATOR 

SOLAR 
HEATER 

EXHAUST SOLAR 
THERMAL 
ENERGY 

ROTARY 
DESICCANT 
BED 

MOIST AIR 
L-------~EXHAUST 

Figure 5-1. Air Conditioner Schematic 

Performance and Design Parameters 

Table 5-1 shows the optimized design parameters and design point perform
ance for the 1.5-ton prototype. The optimization work was done at operating 
conditions that correspond to standard ratings for air conditioning systems. 

Table 5~2 shows the fan power required for a typical installation. The 
supply air fan pressure drop given for ful I flow operation includes 0.10 in. H20 
for distribution system losses. 
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TABLE 5~1 

1.5-TON DESICCANT DEHUMIDIFIER PROTOTYPE 
OPTIM.IZED DESIGN PARAMETERS AND DESIGN POINT PERFORMANCE 

Cooling Capacity: 1.5 tons (18,000 Btu/hr) 

Desiccant Bed Regenerator 

8 to 10 mesh si I ica gel 
Bed inside diameter: 31.3 in. 
Bed active height: 34.7 in. 
Bed thickness: 1.25 in. 
Bed weight (dry): 100 lb 
Rotating speed: 5 rph 
Working capacity: 3.7 percent 
Pressure drop: 0.63 in. H20 

Airflow rates 

Residence airstream: 830 scfm 
Preconditioning airstream: 120 scfm 
Outside airstream <without 

preconditioning air): 830 scfm 
Solar heater airstream: 455 scfm 

Pre~onditioning Air 

Manifold arc: 22.5 deg 

24 x 24 x 0.014 in~ galvanized screen 
Matrix inside diameter: 19.0 in. 
Matrix acti~e height: 34.5 in. 
Matrix thickness: 1 • 13 in. 
Matrix weight: 175olb 
Rotating speed: 20 rpm 
Effectivenessi 90 percent 
Pressure drop: 0.19 in. H20 

Solar Heater 

Effectiveness: 85 ~ercent 
Arc: 86.6 deg 
Heating rate~ ~5,000 Btu/hr 
Water f I ow rate: 3600, 'b/hr 
Pressure drop (air Side): 0.04 in. H20 

Mechanical Drive 

Power requirement: 0.1 kw (maximum) 

Note: ·Design point calculations made at following standard conditions: 

Conditioned space: 78°F OB, 67°F WB 

Hot water supply temperature: 200°F 

Barometric pressure: 
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TABLE 5-2 

FAN POWER REQUIREMENTS 

Static 
Pressure 

Flow, Rise, Air Electric 
·cfm in. H?O Horsepower Horsepower* 

Su~~l:t Air Fan 
' 

Fu II Flow 830 1.00 0. 13 0.26 
; 

Half Flow 415 0.28 0.02 0.04 

Fxhaust Fan 

Fu II Flow 948 0.93 0.14 0.28 

Half Flow 474 0.26 0.02 0.04 

*Assuming_50-percent overal I efficiency. 

Urawings 

The solar deSiccant dehumidifier prototype design is shown on the fol low(ng 
drawings: 

Drawing No. 

2202169-1 
2202400-1 
2202401-1 
2202172-1 
2201848-1 
2201849-1 
2?.02173-1 
22021R~-1 
22021R4-1 
220/.1R5-1 
2202186-1 
2202187-1 
2202198-1 

Title 

Heat Exchanger, Solar (SCD) 
Dehumidifier Outline, Solar Desiccant 
Dehumidifier Assembly 
Frame Assembly, Dehumidifier 
Cylinder Assembl~~ Desiccant 
Cylinder Assembly, Regenerator 
Saturator Assembly 
Frame Assembly, Annular 
Frame Assembly, Outer 
Pandl Assembly, Center 
Frame Ro I I er 
Duct Assembly, Preconditioning Air 
Idler Arm Assembly 

Sheets 

5 
1 
1 
3 
1 
1 
1 
3 
3 
1 
1 
2 
1 

Reduced-scale prints of the drawings follow this section. Due to the 
practical limitations of the printing format used for this report, the drawings 
are notal I reduced by the same factor. Therefore, care should be used when 
sealing these reduced prints. 
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7. SCOPE 

7. 1 DEFINITION 

This source control drawing (SCD) defines the solar heat exchanger and its 
specific technical requirements. 

7.2 RESPONSIBILITY 

The vendor shall be responsible·for the design, development and manufacturing 
of the solar heat exchanger. 

7.3 This SCD forms a part of the AiResearch purchase order and as such the vendor's 
compliance herewith is essential. The terms of the purchase order will not be 
closed out until all requirements of this document, as revised or otherwise 
amended by appropriate written notice, have been met. 

8, DESCRIPTION 

8. 1 GENERAL 

9. 

9. 1 

9. 1. 1 

' 9. 1. 2 

9. 1. 3 

9.2 

The heat exchanger wi 11 be installed in an annular sector between two rotating 
cylinders. Moist air will flow radially outward from the inner cylinder, 
through the heat exchanger, and out through the outer cylinder. 

REQUIREMENTS 

PERFORMANCE 

Operating media: Moist air outside tubes, water inside tubes. 

OPERATI6N 

The unit must heat 33.3 lbm/min. of air from 107°F average inlet temperature 
to 182°F average outlet temperature, using 60.0 lbm/min. of water entering at 
200°F. 

Process Stream Pressure Drops 

Air side: 0.03 to 0.05" H20 static pressure drop (corrected to standard conditions} 
Water side: 5.psi maximum static pressure drop. 

PHYSICAL CHARACTERISTICS 

9.2. 1 DIMENSIONS 

The heat exchanger shall be contained within the envelope as shown on sheet 4. 

9. 2. 2 ~UNTING 

The heat exchanger shalt be supported by bolting to the adjacent assembly at the 
two radial surfaces shown on sheet 4. 

SIZE CODE I DENT NO OWG NO 
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9. 2.3 WATER MANIFOLD CONNECTIONS 

9.2.4 

9. 2. 5 

Water manifold connections shall be provided at the top surface of the mounting 
envelope as shoWn on sheet 4. Connections shall be plain end copper tubing. 

HEAT EXCHANGER CORE 

The core shall be constructed of three rows of straight vertical tubes, with 
twelve passes per row. Tubes sha11 be 0.625" OD X 0.022" wall copper. Fins 
sha11 be aluminum, 13/32" wide by 0.011" thick, mechanica11y bonded to tubes, 
with 14 fins per inch. 

FRAME 

The heat exchanger frame shall be constructed of galvanized steel. 

9.2.6 CLEANLINESS AND PACKAGING 

The vendor shall clean and package the heat exchanger per normal industrial 
practices. 
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