PROPERTY OF
U.S. GOVERNMENT

' 3
SERI/TP-631-618

OLAR ENERGTRRSEMRR RSHINE

Energy infotthation CONE

GOLDEN, COLORADD A1
NATIONAL DESICCANT COOLING PROGRAM

DOUGLAS W. HOOKER
FRANCES H. ARNOLD

MARCH 1980

PRESENTED AT THE ANNUAL DOE ACTIVE
SOLAR HEATING AND COOL ING
CONTRACTORS®' MEETING

HYATT '"HOTEL, LAKE TAMOE, NEVADA
MARCH 26-28, 1980

PREPARED UNDER TASK NO. 3460.10

Solar Energy Resesrch institute

1536 Cole Boulevard
Goiden. Colorado 80401

A Dvision of Midwe'st Research institute




NOTICE

This report was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States nor any sgency thereof, nor any of their
employees, makes any warranty, expressed or implied, or assumes any legal tiabitity or
responsibility for any third party's use or the resuits of such use of any information,
apparatus, product, or process disclosed in this report, of represents that its use by such
third party would not infringe privately owned rights.
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the status of these effarts and the work remaining, and the

eant material; prototypes sre being construtted end will be
lsboratory tested ate in FY30. Colorado State University
{CSU) recently began to evaluate amalytically and experimen-
tally an sbsorption system using & pscked tower
concentrator. Soiar Energy Research Institute (SERD has
DOE progmm management responsibilities for mational solsr
desiceant cooling programs and is continuing its own resesrch
- program. -

The cpen-eycie adsorption process is receiving most of
the effort in the current DOE desiceant cooling progmam.
The major, unique component in these systems is the dehu-
Mﬂ.bd.t-m-_.ﬁ-ﬁmcb
stream. Thess nl’—rhh-.olm
modes: ventilation or recireulation. ventilation system
configuration is shown in Fig. . In the supply stream, ambi-
ent air is adisbetically detumidified, sansidly cooled, evapo-
ratively cooled, and then introduced into the conditioned
sace. In the regenersting stream, sir removed from the
conditioned space is evaporatively cocled, then hested as it

canls the supply stream, heated again by
and humidified in the dehumidifier, and finally exhausted to
ambient air (see Fig. 2: the mumbers correspond to the
bulk airstream conditions at the numbered system locstions
shown in Fig. 1). The AiResearch and IGT systems follow this
basic process.

g
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. In the recirculation system configumation the supply and
regenerating airflow streams are separate. The supply
stream air is removed from the conditioned space, adisbati-

g cally dehumidified, sensibly cooled, svaporatively cocled, and
then reintroduced into the conditioned space. In the regener-
-ating stream, ambient air is evaporatively cooled, then heat-
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ed a3 it cools the supply stream, heated aguin by wlar energy,
tumidified and cooled as it ragenera tas the dehumidifler, and
exhausted 1 the ambient air.

OT is developing a dehumidifier in which a partion of the
heat of sdsorpticn is removed by a crom-cooling air stream.
This improves desiceant perfarmance but requires additional
parasitic power to provide the croas-cooling. '

The Bquid desiccant cooling orocess of open-cycle ab-
sarption, under investigation a2 C3U, is shown schematically
in Fig. 3. This cycle is similar to its closed-eyecle counterpart
except that the weak sbsorbent mistion is regensrated by
svapaorating refrigerant (weter) © the atmosphere instesd of
recovering it in the condenser. The dikite solution Is heated

Wi o bein Temees s ters

Figwre 1.  VENTILATION MODE PSYCHROMETRIC
DIAGRAM
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Figwe {. AIRESEARCH ROTARY RADICAL OUTPLOW
DEHUMIDIFIER
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Figwe 3. §T CROSS-COOLED DEHUMIDIFIER

and regenerated using an air collector system and a packed-
tower concentrator. The strony, regenersted miution leaves
the concentator and passes through a valve in which pressure
B reduced from atmospheric levels. The
through a regenerative heat exchanger and
sarber, where the miution adsorbs water from

solution is removed by a cooling ower loop. in the evapo-
rator, water from an extermal scurce is evaporated at reduced
pressure with the heat supplied from the cooled mpece. The
resulting weak whution s cumped from the absorber back to

atnaspheric presure through the regenerative heat exchang-

o« and o the coneentrator, complsting the eyele. A vecuum
pump deaerates the solution after it has been expased 0 the
atmasphere. The useful output of the CSU system is the

‘ evaporation of water. For every pound of water eveporated

In the concentrator, ane pound of water can be evaparated in
the evaporator and absarded in the absarber. Thus, the water
evaparation rate from the concentrator determines ccoling
system perf orm ance.

AIRESEARCH MANUYACTURING COMPANY

A AlResearch is developing a soler desiccant cooler which
features a rotary radial cutflow cenfigurstion [1,2,5. The
design is Intended to reduce prrasitic power requirements by
increasing the face areas of L@ dryer and regenerative heat
exchanger and reducing their airflow length. The desiccant
bed and the regenerator are two counter-rotating concentric
drums. The desiceant material is silica gel, and the regeners-
tor matrix is a (ine screen of galvanized stesl. A top view of
the deshumidifier along the axis of rotation s shown In
Fig. 4. The prototype detumidifier drum s 88 cm (34 In.)
high, and 86 em in diameter, has a 3-em (1.15-in) thiek air
flow length through the desiccant, and rotates at § rp. The
system was designed far 5.3-kW (1.5-ton) cooling especity, a
COP of 0.52, and parasitic power input at full flow of 0.5 kW,

Fabrication of the prototype was completed in June
1379, and the wnit was installed in & controlled atmosphere
chamber for testing in September 1979. Preliminary tests in-
dicated that the prototype wnit cooling capecity was 4.2 kW
(1.2 tons) with a COP of 0.43, a performance lower than ex-
pected  Further tions revealed defects In the
desiccant drum. Variations in the desiceant drum thickness
caused flow maidistributions through the desiccant material,
decreasing the system perfarmance. The prototype test
program was halted while the desiccant drum was rebuflt.
The new drum has besn installed in the prototype, and the
system is ready for further tests. This effort is scheduled o
be completed by May 1980.

ILLINOES [NSTITUTR OF TECHNOLOGY (BT)

OT is developing & soler desiceant cocling system that
uses silics gel in & crom-cooled detumidifler (. The detn
midifler is constructed of paper-like sheets of silica gel in a
Teflon matrix. (See Fig. 8 for schematic representation.)
The cooling system consists of two cross—cooled dehumidifiers
of equal sive with evaporative coolers. One dehumidifise re-
moves moisture from the process air while the other is regen-
ersted by olar energy.

Much of the work to date on this concept has been hasic
R&D, including the development of mathematical ara'vsis
methods, produetion and testing of slica gel sheets, and test-
ing of & ymall model of the crom-cooled bed. However, a
prototype dehumidifier equivalent to epproximately 2.6-kW
{0.73-tan) cooling capecity has been built and is being labore-
tory tested.

The small dehumidifier (1S xISx15em, or 8 x 6 x 8§ in)
was bulit and tested under periodic steady-state condi-
tons (§. The major parameters affecting system perfor-
mances were tudied (process stream flow rate, temperatura,
end humidity; croms-cooling stream flow rate and tempers-
ture; regeneratios stream fow rate, tempersturs, and hu-
midity). These tests indicated that cross-cooling could im-
prove detumidifier perf armance about 40%.

The system currently undergoing laboratory testing in-
cludes a 0.8x08x08m (2x2x 2(t) dehumidifier. Inlet

conditions to the system are controlled and held constant
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Teble l. EFFECT OF REGENERATION TEMPERATURE ON CAPACITY AND COP
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ral gas-fired bumer to spplement the soler energy input (8. shown in Fig. 7. Heated sir will be supplied from & fusl-fired
As shown in the SOLAR-MEC I} schematic in PFig. 6, the heater o the paciked column. The Nthium chioride solution
will be circulated through the columna, dluted, and od in o

these tests provide the basis far the present progrem. SOLAR ENERGY RESEARCH INSTITUTE
The SOLAR-MEC [, showing results from the cauwrent
DOE prog=am, includes several improvements over previous A large part of the in-house work of the SERI Desiceant
versions in the following sreas: air sesls, wheel support and Cooling Program has been aimed ot comparing the perfor-
&rive mechanisms, sir distridution and fers, and rotary hest mance of desiccant machines with thet of esbeorption,
exchange wheel. Two significant design changes imcinde Rmidne, and wepor-compression mechines (5. SERI s
regeneration of the desiccant wheel and unbalanced developing & wiversal, desiccant-bed heat- and mam-transfer
flow operation of the heat exchange wheel Table |, resulting
from laboratary tests of SOLAR-MEC I, iBustrates the ’
effect of regenerstion temperstwe on system cooling o~
capacity and COP. The pamsitic power conmumption of
SOLAR-MEC W 5 L3S kW, whereas the early version uwsed e
231 kW ) ]
N
IGT aiso developed a mathematical model and computer B
program for the SOLAR-MEC and, in conjunction with AB }
Carl Munters of Sweden, deveicped a nonssbestos-substrate s PR I
desiceant wheel to replece the asbestos-substrate wheel The e .—.\'\} \“/-:
computer mode! was used to help determine cptimum system o A '

design. part load cperstion, and seasonal per{ armance of the
SOLAR-MEC. The nomasbestos desiceant whwel (using a LIC1
desiccant) was recestly incarporated into the SOLAR-MEC M
dhd initial laboratory tests show satisfastory performance.

’ Future work in this program will include laboratory test-
ing of the SOLAR-MEC I with the nomasbestos desicoant
“heel and refinement of the sessomal simulation model
Numercus labaratory tests will be perfarmed o completely
charecterize the SOLAR-MEC [} performance over expected
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model that will allow simuation of solar desiccant mechine
and generation of tools {or their proper design.

Comsuitants from the Calorado School of Mines are pro-
viding SER! with experimental dats (equilidrium capeeities of
desiccants as & ‘unction of concentretion end tempereture) e

vi. time) can e odtained from the equilibrium capacities by
wolving the energy and mass dalances in the bed. From these
@arves and the mam- and heat-transfer model, rates of ad-
sorptian, bed exhaustion times, and degres of regenerstion
can be predicted The SERI model will be used to generate
this infarmation for the numerous desiceant materials de-
serded by the Radke-Praumits isotherm.

The analytical model will be validated in the SERI desie-
cant laboratary and with a specially designed gas ato-
[14. The desiceant labaratory can mpply 17 m*/min

600 ofm) of air at 121°C (25¢°F) and a wide range of humid-
ities to full-seale drier Deds. Effluent humidity s measured
with an cptical dew-paint hygrometer and piotted as a func-
tian of time to give breaktivough curves. Ambdient conditions
. o verify the

therms) >y means of pertuwrbtation chromaiography. Dffusion
coelficients for the bed can De messured drectly, and diffu-
s coefficients within a single particle of desiccant materi-
‘al can be predictad from the breaithrough axrves [1d.

Teversible solid-to-wolid strurtural transformations with large
enthalpy changes. One such compound i pentserythritol
(Cs .O.L.def:-hﬂur.-

memmm cal/g ot 188°C In

& wid-to-wid transformation. ™ and related low-cost
compounds are being Nudied as candidate matarials for &-
rect-contact storege’heat exchangers o help level the tem-
perature of regeneration air entering desiccant coolers.

SERI & also exploring the possibility of combining en
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