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INTRODUCT ION

This document, containing data basic to the design, char «cterization,
compar ison, and evaluation of solar=powered residential air conaitioner con-
cepts to be corsidered under contract NAS 8-3%7758, was prepared to formal! ze
the parameters that will be used throughout * '@ study program. The cumri. e-
tion of these data was done in partial fulfiiiment of the work to be accom=
plished under Task 2 ot the contract.

It is anticipated that &s the study proceeds, the design requirements,
particularly the data characterizing the solar heat source, will require
updating, refinement, and amplification. This document will be revised to
reflect these changes and updatea versions will be published at opportune
times. .

L

SYSTEM DEFINITION AND INTERFACES

Prior to the detailed definition of the design ana traze-oft parameters,
it Is pertinent to identify the interfaces between the various subsystems
that constitute a total solar-powered alr concitioner, and to cefine in getail
+he approach that will be used for concept selecticn ang system gptimization.
Basically, a heat=powsred air congitione~ interfaces with the subsystems as
shown in the Dlock diagram of Figure 1,

Secause of the rneture of the subsystems and equipment constituting the
air congitioner ang the neat sink, these two subsystems wiil be considered
together in the study. The distribution subsystem estaplishes the air con=
ditioner cooling requirements and does not include any equipment that will
aftect the design of the air conditioner per se. The distribution fan will
be taken as part of the air conditioner package. The solar source subsystem
will be considered separ.tely and cefined by its performance Interfaces and
other pertinent characteristics that will permit™rade studies and optimiza=-
Tion at the overall system leve!l.

The raticnale for this breakdown Is that the sclar heat source will be
used for heating in winter., Whether or not it is used to drive a heat-powered
air conditioner is the subject of this study. On the other hand, the require-
ment for a heat sink subsystem essentially is dependent on the presence of the
alr conditioner. Consequently, in this study the air conditioner will pe con-
sidered to incorporate all equipment necessary to provide heat sink capability
tc the ambient air.

STUDY APPROACH

The approach thet will be used in the st .dy is depicted in Figure 2, wiich
illustrates worh flow and the major study results. Reference is made to
AiResearch document 74-10996(1), Program Plan, for a cetaiied definition of the
objectives, scope, and results of each study taik.
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Initially a design point, defined quantitatively by a fixed set of inter-
tacing subsystem (solar nheat source and distribution subcsystem) parameters,
will pe used ftor (1) the lgentification of candidate air conditicner concepts,
ard (2) the selection of an optimum concept. In the refinement of the design
ot the selected concent, a range of interfsce parameters will pe consicerec so
that params*r ic cost and performance data can be generated in terms of the
interfacing subsystem parameters. Finally, the air congitioner utility will
pe demonstrated through penalty studies invoiving the entire system, incluging
the solar heat source. 2

For any tixed set of values describing the performance of the intertfacing
subsystems, an air conditioner can be designed and optimized in terms of cost,
coefficient of performance, and auxiliary power usage. This air conaitioner,
however, may not correspond to an optimum overall system gesign. For example,
the air conditioner must be designed to meet the cooling requirements corres=
ponaing to conditions prevaiiing during the hottest summer days. The size of
the solar collector and/or the auxiliary power necessary for cperation unger
these conditions may te prohibitive by comparison with conventional electric=
driven air conditioners. The solar-powered system, however, may afford sub=-
stantial electrical energy savings over the entire summer period when *the
average cooling load is much lower than design value, and air conditioner
utilization is reduced considerably. For these reasons the interface para-
meters detining the air conditioner design requirements must pe defined over
a range of values so that parametric air conditioner Jata (cost anc perfcrmance)
can be generated to permit overall system optimization,

OVERALL SYSTEM CONSIDERATIONS

Two types of air conditioners will be considered, depending upon the
technique used to provide a heat sink for the air conditioning cycle.

Air=Cooled Air Conditioners--where the cycle waste heat is dumpea
directly to an ampient air stream circulated through the unit oy
a fan.

water=Cooled Air Conditioners=--whare the cycle waste heat is dumped
Tnfo an Intermediary water loop. This water loop, in turn, is cooled
by water evaporation into an ambient air stream,

In either case, ambient air is the ultimate heat sink. Major irtertaces
between the subsystems-are identified in Figures 3 ana 4 for the air=- ang water-
cooled 3ir conditioner concepts, respectively, Since the heat sink is con-
sidered together with the air conditioner in the study, the intertfaces between
the twc subsystems are internal optimization parameters. Definition of the
interfaces listea in Figures 3 and 4 wili provide the gata necessary for tte
design of tha air conditioner (including the neat sink).

A number of parameters internal to the air conditioners per se will be
used to optimize the system in terms of cost and performance. Figure £ !ists
these internal optimization parameters for the absorption ang the Rankine cycle

systems,
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Using a tixed set of interface data (design point conditions), equipment
problem statements can pe prepared for each set of internal system parameters.
In this manner equipment parametric data can be generated in terms of Cyc ¢
parameters, and air conditioner cost and ,erformance can be dJetermined., oy
changing the design point over a range of conditions, parametric cost anu per-
tormance is obtained. This optimization procedure will be used in the stuay.

TRADE-OFF AND SELECTION PARAMETERS
The air conditioner will be defined in sufficient detail to permit char=

acterization in terms of cost as well as performance. The cost data will
incluges: {

(a) Acquisition Cost y
® Equipment cost
@ Instal lation cost

$> {(b) OQOperating Cost

[} Auxiliary power cost
@ Maintenance cost

Equipment cost models will be developed in the course of the study.

These models will ref.ect the impact of effectiveness or desian sophictication

on manufacturing cost. The components to be considered include heat exchangers
of all types, fans, pumps, and turpocompressor.

Instaliation and maintenance cost models also will pe deveioped., These
models will pe generated pased on experience with ftne type of equipment con-
sidered here.

[y,

The factors !ncluded in the cost of auxiliary power will cepend on the
level of the trade studies. For air congiticner concept selection and optimi=-

zation, the trade studies will pe performed at the subsystem level, as mentioned
previously. In this case the auxi!lary power wili include the electrical power
necessary for driving the subsystem fans, pumps, and controls. Fo- overall sys-

L
tem evaluaticn, the auxiliary power will Inclucde, in addition to *he above, (1)
the electrical powar for sclar heat source pumps ang controls, and (2) the heat
energy necessary to supplement the sclar collector. Here three heat sources
will be consiicred: electrical power, natual gas, and tuel oil,

The performance of the system will be defined in terms of coefficient ot
pertormance (COP) and auxiliary power usage. Because of the nature of the sys-
tem that utilizes heat energy to drive a mechanical refrigeration system and
electrical power for pumps, fans, and controls, the COP will be cefinea as
fol lows:

Refrigeration Lozd
coP = ~ —
Solar Subsystem Heat Input

e ,;_._ﬁ_._w'm e s _j




where the solar subsystem heat input includes the energy supplied by the
¥ wuxiliary heater, it any.

DESIGN PARAMETERS

The data !isted in Table | summarizes tha rata that will pe usea for
design and optimization of the air conditioner. Listed in the table are c2sign
point values that will be used for concept comparison and selection. Also given
are the ranges of the parameters that will be investigated in the evaluation of
the selected concept. A list of the references identified in Table | is pre-

l sented at the end of this report.

OVERALL SYSTEM EVALUATION PARAMETERS

The data lisred below are required for evaluation of the air conditioner
on an overall system basis. These data wil! be used in the study to getermine
the auxiliary power necessary to supplement the solar collector,

- —————

Air Conditioner Loag Profile Througn Summer Months--See Figure 6
. (to be provideg at a later cate)

B Solar Collector=-Storage Tank Performance Protile Thraugh Summer
Months==5ee Figure / (To pe provided at a later date)

Solar Coll ctor Cost==To be determined

Auxiliary Energy Coste=

(a) Electrical: 7.2 to 14.4 cents/w=sec (2.0 to 4.0
cents/kwnr)

T V| g g ]

o —

(b) Natur:' Gas: 4.59 to 8.83 cents/m> (0.13 to 0.25
cents/cu tt)

LU e L

(¢c) Fuel Oil: 6605 to 13,210 cents/m> (0.25 to 0.50
cents/gal.)

Solar Collector System Pump Reguiremantse=

E (a) Flowrate To be determinead
(b) Pressure rise To be determined
(c) Inlet pressure To be determined

water Circulation Pump Charactericiics==

L it b st

fa) Flow rate To be determined as part of study
(b) Pressure rise To be determined as part of study

(c) Inlet pressure To be determined as pert of stuc

]
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TABLE 1
DESIGN PARAMETERS

Design Parameter
Refrigeration Effect Point Range Refererce Note
1, Loed, J/s (tonr) 10,550(3) 10,550 to 17,580 (3 to §) 1 1
2. RAeturr air tem erature (air conditioner
.‘nl.g)
Dry bulb, ¥ [OF) 297(75) i%7 to 302.6(75 to £, 2 1
Relative humidity, percent 55
3. Supply air temperature (air conditioner To be determined from load and return temperatures :
outlet)
Dry bulb
Wet bulh
4. Supply airflow, m3/s (cfm) 0. 566(1200) 0.472 to 0.837 (for 10,550 J/s) - -
(1000 to 1350 for 3 tors)
0.778 to 1.06 (for 17,580 J/3)
(1650 to 1350 for § tons)
§. Exrernal ducting pressure drop, 0.376(0.15) - 3 .
N/m (1n, Hy0)
6. Tupply air pressure, N/m? (psia) 101,328(14, 7) - = -
Amblent (onditicas
1. Ambient air pressure, N/m? (psia) 10 328014 1) . . .
2. Amblent air temperatur(
Dry bulb, K (°F) 308, 1(95) 305.% to 310.9(90 to 100) b 1
sl Wet buln, K (°F) 298,7(78) 297 to 298.7(75 to 78) 2 3
tar W Sour
1. MHeat availability -
2. Supply water temp.-ature (air 155.4(180) 349.8 to 188,7 (170 to 240) 1
. conditioner inlet), K (°F)
3. Return water temperature (air To be determined
conditioner outlet), K (“F)
4, Water flow rate, m3/s, (gpm) 0. 000694(11) 0,0003785 to 0.C009LE (6 to 1§) b
5. Water pressure, N/mi(psia) 100,326(16.7) |  Maximum 344,643 (50) P
6. Weter pressure drop, N/m? (psia) To be ﬂluﬂnined
NOTES

1. The design load is taken as the actual rafrigeration load corresponding to the temparatures |isted in Table 1,
The air conditioner rated load will be somewhat differant since the rating of such equ/pment I8 wased on temne:a-
tures that differ from those listed In Table V. The stengard rating temperatures defined in Keference 1
listed below for water-to-air and aireto-air “oat pumps.

®  Water-to=air neat pumps . Airetosair heat punps
Air temperature entaring indoor side Air terpd ? rar
299.8 K (BOSF) dry sulb, 292.8 K 199.8 K (80°F
{E7°F) wetr bulb S7YF} we -
Water temperature entering condenser: Jutsida #ir temgarature: 30
297 w (75°F) gry buly and 25 T8%#) ‘wat BUIL &
Water temperature le2aving condenser: condensate is re_ ected to the air $tres

308.2 K (35%F)

For the temperature values listed in Table 1 and an indonr temperature swing of 2,5 K (L.§ F), the air conditioner
capacity will differ from the rated capacity by only 3 percant,

2. The 108.1 K(95° ) ambient dry bulb temperature and the correspon ing 298.7 K{78°F) wet bulb temperature used for
cesign point are representative of data recommended by the Air Conditioning and Refrigeration Institute (AR1) for
# large number 0 cities in the fontinental United Scates. A dvy bulb temperature of 305.4 K(30°F) is reccrmended
a5 & minimum for all locations within the U.5. Of the 375 localities listed in Reference 2, the J15.5 Ki{100%F)
dry bulb temperature used as maximum ir Tahle | |s excerded in only 11 cases,

Note that the temperatures specified as standard design conditions may be exceeded 2-1/2 percent of the time and
do sot represent maximum local summer temperatures.

3. The maxinum and minimum dry bulb temperatures |isted correspond to the maximum and minimum wet Hulb temparatures
also shown in Table 1.
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