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ABSTRACT

The Supermarket Energy Systems Program was structured to
investigate and develop new highly energy-efficient supermarket

systems. A supermarket refrigeration system consisting of:

e  Unequal parallel compressors
o Condenser with floating head-pressure control
° Micfoprocessor-baéed electronic control system.

was aﬁalyzed, designed, and tested. The total system capacity is
35 hp and thrée compressors of S, 10, and 20 hp capacity were
determined to be the optihum number and capacity distribution.
Compared to the.conventional supermarket refrigeration systems,
the three unequal parallel compressor systems with R-12 will
demonstrate a maximum annual energy savings of 29,100 kWhr or

26 percent and with R-502 will demonstrate a maximum annﬁal energy

savings of 20,100 kWhr or 15 percent.

A compressor capacity gontroi algorithm was designed to select
the optimum compressor combination for each operating condition to
match compressor capacity to refrigeration load. A microprocessor
system based on an Intel 8085 microprocessor was' selected for
system control and data acquisition. The economic analysis revealed
that for a payback period of 3 years or less, an added micropro-
cessor-based electronic controls cost beﬁween $500 to $1500 is

acceptable.



i

B o E o ol E o el s el ok o s el ed

Testing was performed on the unequal parallel compressor system
over a refrigeration load range of 78,000 to 160,000 Btu/hr. For
refrigerant'R-lz, the increase in the energy efficiency ratio (EER)
for the microprocessor-based electronic control system as compared

to the mechanical pressure control system ranged from 9.8 to 12.5

~ percent.
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INTRODUCTION

The supermarket industry presently utilizes 4 percent (88

billion kWhr) of the annual national electric energy consumption.l

. There is a tremendous potential for energy conservation in.the

supermarket industry. The major area of energy savings is the
refrigeration system for display cases, which accounts for approxi-
mafely 40 to 60 percent of the total supermarket energy consumption.

The remaining store energy requirement is proportional as follows:

‘the héafihg} ventilating and air'éonditioning system (HVAC) accounts

for 15 to:zo pefcent; the lighting accounts for 20 to 25 percent;

and miscellaneous energy'systems account for 5 to 16 percent. Each
of these energy systems can be improved and optimized for individual
system performance; however, complex relationships exist among these
syétems énd the improvement of one energy system may be detrimental
to the performance of the remaining energy systems. The purpose of
this project is to design and develop an energy efficient supermarket

refrigeration system.

A supermarket refrigeration system consisting of:

- ty

° Unequal parallel compressors

° Condenser with floating head-pressure control

° Microprocessor-based electronic control system

(4

was analyzed, designed, and tested. The total system capacity is
35 hp and three compressors of 5, 10, and 20 hp capacity were

determined to be the optimum number and capacity distribution.

3
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The microprocessor system included an Intel 8085 micropfocessor
for system control and data acquisition. UPreliminary test results
have indicated that the prototype supérmarket refrigeration system
with proposed display case design improvements2 will reduce the
supermarket refrigeration energy requirements by 40 percent.

This equates to an annual national enéfgy savings of approximately
14 to 21 billion kWhr if the refrigeration system is installed in

all existing supermarkets.

The present paper reports the design study and development

~testing..

SYSTEM ANALYSIS AND DESIGN

After the completion of a market analeisz, a system analysis
and design was initiated for a supermarket refrigeration system

which consists of:

a. Several compressors of differing capacities piped in

parallel between common suction and discharge headers

b. A condenser/receiver subsystem that can take advantage

of low ambient temperatures

C. - A microprocessor-based control system to optimize the

system operation.
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Detailed analyses were performed to describe the optimum
combination of compressors in an unequal pérallel arrangement.
First, a system size of 35 hp was selected; this is a typical size

for supermarket refrigeration compressor racks. A computer analysis

" was employed to generate the optimum combinations two through six

compressors and the distribution of capacities among the compressors
in the system. The possible compressor sizes that aré currently
commercially availablé>that could be used to achieve the total

35 hp are: 1, 1.5, 2, 3, 5, 7.5, 10, 15, 20, 25, and 30 hp. The
optimization is based on thé minimization of suction pressure

bandwidth. For the case of the unequal. parallel compressor system,

~the ability of the capacity control of the system to match the

refrigeration capacity to the refrigeration load helps to narrow
the suction pressure bandwidth over which the system operates.
As the refrigeration load, and therefore the suction:pressure,
changes, the compressor sequences will be adjusted so that the
capacity of the system will be the same or slightly greater than

the required refrigeration load.

Second, an energy éonsumption model for unequal parallel
cohpressor Systéms was developed. ' The refrigeration load
characteristics, i.e., lpad magnitude and its annual variation,
are dependent upon the particular supermarket internal configuration,
display case types, number, and layout, and HVAC system. Therefore,
in order to obtaiﬁ representative performance values of the une§ual

parallel compressor systems, two fefrigeration load profiles were
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examined. The first profile is a constant refrigeration load of a f
value equal to the maximum 1oad (166,000 Btu/hr for the R-12

systems and 82,000 Btu/hr for the R-502 systems) experienced by the
refrigeration system. The second profile is a bell-shaped

refrigeration profile dependent upon ambient temperature. The

‘outside ambient temperature variation is the major contribution

to the annual change in refrigeration load within a supermarket;
the refrigeration load variation may be as-large as 50 percent
during a single year. For the variable refrigeration load profile

model it is assumed that the peak refrigeration load will

. correspond to the design refrigeration load and will occur at the
maximum summer ambient temperature, and the minimum refrigeration

~load will correspond to 40 percent of the design refrigeratidn

load and will occur at the minimum winter ambient temperature.

Also included in both profile models of the supermarket
refrigeration system was floating head-pressure control. In this
system, the condenservtemperature is allowed to follow the ambient
temperature. Considerabie impravément in the system energy
effigiency ratio (EER) can be realized at lower ambient températures
b;cause the refrigeration capacity of the system is increased while
the compressor power is dgcreased if the condenser temperature and
pressure are allowed to float. In order to prevent the refrigerant
from flashing.before it reaches the display case evaporators, the

minimum condenser temperature was set at 65°F for the R-12 systems

and at 40°F for the R-502 systems.
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The annual energy consumption was calculated for a number of
unequal parallel compressor systems operating with R-12 at an |
evaperator temperature of 20°F and with R-502 at an evaporator
remperature of -20°F. For comparison, a base‘case which coﬁsistsl
of three equal capacity parallel compressors whose'combined capacity
is 35 hp was also examined;' It was assumed that the base case has
floating head pressure control with a minimum condenser temperature
set at 65°F; this is not the case for typical conventional
supermarket refrigeration systems. The results of this annual
energy consumption analysis are presented in Table 1. For both
load profiles and refrigerants, the results are similar:
the unequal parallel systems consume less energy than the equal
parallel system for systems of three or more compressors. The two
unequal parallel compressor systems consume more energy that the
three equal parallel compressor systems when operating on either
R-12 or R-502 refrigerants. Also included in Table 1 is the
compressor capacity distributions which operated within the smallest
suct;on pressure bands for feur different‘refrigeration load
distributions outlined in Reference 2.

* Third, an economic analysis was performed to determine which
unequal parallel compressor arrangement for a supermarket re-
friéeration system will yield the largest life cycle savings and
corresponding shortest payback period.. The sensitivity of the
economic analysis results to variances in energy cost'escalation

rates and discount rates were also investigated.
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The life cycle sayings is defined as the difference in life
cycle costs between the base case éystem and the unequal parallel
compressor system being considered. 1If the salvage values and the
maintenance costs are aésumed to be the same for all systems

considered, the expression for the life cycle savings can be

. shown to reduce to the following:

i R

. N
Life Cycle Savings = AIs + A.Po Z (l+i
‘ 5=1

where
AIs = the initial cost difference between the base case and the
s system being examined
APO = the annual cost of electrical energy difference between
the base case and the system being examined
N = the useful life of the system in years
. Ep = the annual escalation rate of the electrical energy cost

i = the annual discount rate.
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The initial cost of the unequal parallel compressor refrigeration

systems is divided into two components: the cost of the compressors,

and the cost of the rack and peripheral equipment associated with
the compressors. The rack cost also includes the system assembly
cost. An empirical relationship for the compressors cost was

dérived.3

' 0.67
Compressor Cost (§) = 118.8 (horsepower) : (2)

‘Similarly, an empirical relationship for the rack cost was

derived‘.3

Rack Cost (§) = 1218 (number of compressors) + 6726 (3)

The initial system cost, life'cyclé savings, and payback
period for each of the uneéual parallel compressor systems con-
sidered in the analysis are presented in Table 2. The payback

period is the time period required for tﬁe life cycle savings to
be equal to the difference in the initial cost between the system
being considered and the base case system. The economic analysis
sgowed that for both R;lz and R-502 refrigerants, the greatest
life cycle savings are obtained with an unequal paréllel com-
pressor system employing three compressors with a 1:2:4 size or
capacity ratio. This ratio for a 35 hp syétem equates to a rack
with 5 hp, 10 hp, and 20 hp compressors. 1In general, the

savings obtained by the unequal parallel systems were smaller for

the R-502 refrigerant than for the R-12 refrigerant.

9
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Also included in ;he economic analysis was the investigation
of the impact of the cost for a microprocessor-based electronic
control system on the total system cost. The results showed that
for a payback period of three years or less (a reasonable payback
period for the supermarket industry) an added controls cost between

$500 to $1500 is acceptable.

The last analysis performéd was the comparison of the three
unegqual parallei compressor systems ﬁith floating head-pressure
control té a conventional supermarket refrigeration system without
floating head prgssuré control. -The conventional system consists
of three equal parallel compressors of a total capacity comparable
to the three unequal pafailel compressor system. As is the standard
practice the condenser temperature was artificially maintained at
a minimum value of 90°F. Fdr the two refrigeration load profiles
the annual electrical energy consumptions are presented in Table 3.
Compared to the conventional supermarket refrigeration systems, ﬁhe
three unequal parallel compressor systems with R-12 will demonstrate
a maximum annual energy savings of 29,100 kWhr or 26 percent and
with R-502 will demonstrate a maximum annual energy savings of

2b,100 kWhr or 15 éerceht.

10
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various schgmes-fqr controlling the condenser pressure, or
head pressure, were considered. It was decided that the end
product design could best be served by a detéiled éxperimental
evaluation of two alternate schemes. Both the SeasonmiserO

system, marketed by McQuay Perfek, Inc., and the ambient subcool-

- ing system;utilized by'several supermarket refrigeration equip-

" ment manufacturers were designed into the test system.

A compressor capacity controlualgorithm was designed to
select the 6ptimum compressor combination for each operating éon-
dition to match compressor capacity to refrigeration load, and
therefore to minimize suction pressure variation; In addition,
the algorithm keeps track of compressor off-time'to ensure that
short cycling of compressors dﬁes not occur, and that the com-
pressors can reéppnd to special conditions, such as defrost per-
iods. Withvthe algorithm, the three unequal parallel compressor

systems can operate in eight different modes or capacity states.

A microprocessor system based on an Intel 8085 microprocessor
and Pro-Log Corporation components was selected for system control
a;d d#ta acquisition. The control system 1is more thaniadequate |
to accommodate large émounts of data generated dqring this test
phase, can be modularily reduced to a simple compreséor pressure
control for end product use, or can be expanded to control other

parameters in the refrigeration system, such as defrost, heat

reclaim, and monitor and alarm functions.

11
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The components described above have been designed and
integrated into a complete test system.v The test system is
composed of two subsystems: the refrigeration system, including
compressor rack, condenser, microprocessor controller, and heat
reclaim coil,; and the refrigeration locad model, which includes a
display cése, é walk-in cooler, and two brine chillers. The

heat reclaim coil is used in a supermarket refrigeration system

to utilize the heat‘:ejected for refrigeration to suppiy space

" heating to the store. . The elements of the experimental refrigeration

system are depicted schematically in Figure 1 and the refrigeration
load model is depicted in Figure 2. The test system can be operated
either in a fixed or floating head preséure mode, and includes heat
reclaim and hot gas defrosﬁ, thus effectively simulating a super-
market application. The refrigeration load can simulate applications
frdm small, short-term load vaiiations to larger variations over
long time periods. A photograph Qf the experimental refrigeration

system depicted in Figures 1 and 2 is presented in Figure 3.

Laboratory Testing and Test Results

The performance. of a refrigeration system is measured through .

' the value of the energy efficiency ratio (EER) achieved by the

system. The EER is defined as:

Refrigeration Supplied A (4)

EER Energy Input

12
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The EER can be considered as either an instantaneous or long-
term quantity. In the instantaneous case, the refrigeration
supplied is' the rate at which refrigeratign occurs and the
energy consumption is the power consumed by the system at the

instant of measurement. The long-term case is found by first

summing the instantaneous refrigeration loads and power consump-

tions, measured at discrete time intervals, and then dividing
the total refrigeration supplied by the total energy consumed.

The total refrigeration supplied can be expressed as:

N
Refrigeration Supplied = 2: Q.81 (5)
' : i=1 -

where

.

the instantaneous refrigeration load of the system

O
]

the time interval between measurements

AT,
i

numbef of time. intervals.

The total energy consumed is determined from:

N :
Energy Consumed = Z WAt - (6)
i=1 )

W, = the instantaneous power.consumption of the system.

13
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For this experimental refrigeration system it was necessary

to correlate the performance of the system -as measured by the

| EER with the control of the unequal parallel compressors and

other operating conditions of the refrigeration system. Of par-

ticular concern are:

a. The condenser temperature and pressure

b. The ambient temperature.

c. | Refrigerant subcooling

d. Suction pressure and temperature

e. Compressor sequenéing and operation.

All of these quantities were measured simultaneously and in

conjunction with the performance measurements. .

It was necessary to determine the refrigeration load of the
walk-in chests, the display case, and each of the brine loops.

The refrigeration load of each of the brine loops can be determined

from:
95; = ™€ T - Tout's (7)
where
QBi = the refrigerant load (Btu/hr) \
mg = the mass flow rate of the brine (1lb/hr)

14
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C = the specific heat of the brine (Btu/lb;oF)
'I‘in = the inlet temperature of the brine (°F)
TOut = the outlet temperature of the brine (°F) .

The refrigeration loads of the walk-in chest and the display

case are determined from:

| Q,WCi‘ = Mo Houe = Hindye | (8)
_6dci = &dc (Houe ~ Hin)¢c (9)
where
éwci’ Qiei = the'fefrigeration loads of the walk-in chest

and display case, respectively (Btu/hr)

M. s Mge = the mass flow rates of the refrigerant through
<. the walk-in chest and dlSplay case, respec-
tively (lb/hr)
Hout = the outlet enthalpy of the refrigerant (Btu/lb)
Hin = the inlet enthalpy of the refrigerant (Btu/lb).

The need to obtain many data points at short intervals over
long test periodsinecessitated an automatic data acquisition
system. As a result, all daté that are significant to the charac-
terization of system operation and the calculation of the quan-
tities described above were measured automatically at'regular
intervals via the microprocessor data acquisition system.
Electronic data measuring techniques which provide analog

signals compatible with the microprocessor include standard

15
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components such as the;mocouples, pressure transducers, and Watt
transducers. In addition, an electronic refrigerant flowmeter
was used in the display case and unit cooler lines. Analog
measurements from these instruments are connected to analog-to-
digital converter modules at the microprocessor. The digital
data is then transmitted from the microprocessor and recorded on

magnetic tape for temporary storage and data reduction

The test plan major goals accomplished during testing

were:

a. Testing of the unequal parallel compressor combination

b. - Optimization of the capacity control algorithm
parameters
c. Monitbring of oil flow in the system.

The floating head pressure system and heat reclaim system were

- not tested.

Tests were performed over a refrigeration load range of

78,000 to 160,000 Btu/hr. This range reptesents approximatelyA

35 to 90 percent of the design refrigeration capacity‘of'the

system. The duration of each test was approximately 24 to 48 hr.

During this time period, hot gas defrost cycles were performed
each 24 hr on the display case and walk-in chest. Also, system
instrumentation measurements were automatically taken at l-min

intervals.

16
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Identical test conditions were used to test both the micro-
processor-based electronic control system and the conventional

mechanical pressure control system.

After preliminary testing, cut-in and cut-out pressures for
the microprocessor control algorithm were determined and are
shown in Table 4. And the mechanical pressure control settings

for the unequal parallel compressors are shown in Table 4.

The results of the control systems comparison tests are

presented in Tabie S. In these tests:

a. The experimental refrigeration system was operated at
three refrigeration load-~levels between 78,000 and
160,000 Btu/hr

+2

b. The refrigerant used was R-12

c. The evaporator temperatures of the load models were
maintained at approximately 20°F

d. The system'was alternately controlled by the micro-

processor-based electronic control system and the
mechanical pressure control system.

Presented in this table is the following information for each

test case:

a. The average refrigeration load experienced by the
system-

b. The average power consumption of the system, consider-

ing individually the power consumption of the compres-
sors and of the total system

17
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c. The EER of the system for both the compressor power
only and total system power cases.

Presented also is a brief description of the operating conditions

during testing including:

a. Ambient temperature range
b. Condensing pressure range

c. Average suction pressure.

The results presented in this table clearly show that the
unequal parallel compressor system using the microprocessor-
based electronic control system is the superior system. The
increase in EER for the microprocessor-based electronic control
system as compared to the mechanical pressure control system
ranged from 9.8 to 12.5 percent in the compressor power only

case and from 5.9 to 9.1 percent for the total system power case.

The reason for this improvement in performance can.be~ex—
plained by examining the operating characteristics of the two
sistems. Presented in Table 6 is a summary of the frequency
of operation of compressor states for each of the tests conducted.
The numbers shown in this table give the percentage of compressor
operating states occurring compared to the total number of oper-
ating conditiohs observed. For example, for the case of Run

No. 003, 37 percent of the time a total of 25 hp of compressor

18



capacity was utilized; 35 percent of the time 20 hp was utilized;
19 percent of the time 15 hp was utilized, and 9 perceﬁt of the
time 10 hp was utilized. A similar compilation and distribution

is presented for all of the tests described in Table 5.

Several points should be noted about the data presented in
Table 5. At thg lower and middie refrigeration load levels, the
refrigergtion system control by the microprocessor achieﬁed an
EER of the order 7.0 while at the high refrigeration load level
the EER of this same system reduced to 5.6. This can be explained
by examining the compressor capacity distribution in Table 6.

At the high refrigeration load the'refrigeration'system operated

at the maximum capacity of 35 hp for approximately 65 percent of

" the time. It should also be noted that the mechanical pressure

P

control system operated at 35 hp for 977percént of the time and
achieved an EER of 5.1. This would suggest that a limiting
value of EER of approximately 5.0 exists and would occur for

either system if all compressors were operating continuously.

At the three‘refrigeration load levels, Run Nos. 008, 010,
and 012, a general shift of compressor capacity states can be
noted for the mechanical pressure control system. This system,
therefore, did respond to the changes in refrigeration load, but,
in all three cases, tended to operate at one particular compres-
sor operating state. In comparison, tﬁe-refrigeration system

with microprocessor-based electronic control system operated over

19
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two or more capacity‘states, indicating that this system was
alternating to match the refrigeration capacity with refrig-
eration load in a more efficient manner. By shifting to a lower
compressor state, less energy is being consumed, thus increasing

the EER of the refrigeration system.

20
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CONCLUSIONS

A market and system analysis revealed that unequal parallel
compressor system with a floating head-pressure contro; system
offers the best potential for substantial short-term energy

conservation in the supermarket industry.
A system consisting of:

a. Unequal parallel compressors
b. Condenser with floating head-pressure control

c. Microprocessor-based electronic control: system

was analyzed and designed. The'total system capaéity is 35 hp
-and three compressors of 5, 10 and 20 hp capadity were deter-
mined to'bé the optimum numbef and capacity distribution.
Compéred~to the conventional supe;market refrigeratién systems,
the three unequal parallel ;oﬁpressor system with R-12 will
demonstrate a maximum annual energy savings of 29,100 kWhr or
26 percent and with R-502 will demonstrate a maximum anhual

energy savings of 20,100 kWhr or 15 percent.

Further economic analysis revealed that for a payback period
of 3 years or less, an added controls cost between $500 to $1500
is acceptable. A conipressor capacity control algorithm was de-

signed to select the optimum compressor combination for each

21
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operating condition to match compressor capacity to refrigeration

load.

The test system desiqn includes two subsystems: the refrig?
eration system, includiné%compressor rack, condenser, micfo—
processor controller, and heat reclaim coil; and the refrigeration
load model, which includes a display case, a walk-in.coolef, and

two brine chillers.

The experimental refrigeration system was fabricated and

testing was performed for the unequal parallel compressor sys-

-tem over a refrigération load range of 78,000 to 160,000 Btu/hr.

For the tests, the refrigerant used was R-12, the evaporator

temperatures were maintained at 20°F, and the system was alter-

natively controlled by the microprocessor-based'electronic
control system and the mechanical pressure control system. The

increase in EER for the microprocessor-based electronic control
system as compared to the mechanical pressure control system

ranged from 9.8 to 12.5 percent.

22
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TABLE 1. - Annual energy consumption analysis for the unequal parallel
compressor supermarket refrigeration system

Annual energy consumption (10? kwﬁr)
Compressor capac- -
ity distribution Variable refrigera- Constant refrigera-
(compressor sizes tion load profile tion load profile
Number of ' expressed in - ' -
compressors horsepower) R-12 R-502 R-12 R-502
3 equal _ _
(base case) ‘ - 96.2 90.6 1123.2 121.0
2 10, 25 : 98.1 . 93.4 122.1 122.4
(3] .
wn 3 . S, 10, 20 83.8 86.7 112.6 114.2
4 3, 7.5, 10, 15 82.8 85.4 108.2 112.3
S 1, 2,5, 7.5, 20 81.0 84.0 104.2 111.6
6 1, 1.5, 2, 3, 7.5, 79.5 83.9 103.6 ~110.8
20 A '
For R-12 systems - Evaporator temperature = 20°F
Minimum condenser temperature = GS?F
For R-502 systems - Evaporator temperature = —20°F
Minimum condenser temperature = 40°F
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TABLE 2.. - Life cycle savings analysis of unequal parallel
compressor refrigeration systems .

Variable refrigeration ' Constant refrigeration
load profila load profile
Life cycle Iayback . ‘Life cycle Payback
Number of Initial system savings ($) (ycars) savings (§) (years)
compressors cost ($) R-12 1-502 R=-12 R-502 R-12 R-502 R-12 K-502
3 ¢qual 12,200 - - - .- - - - -
(base case)
2 10,700 - 250 (161) n/A N/A 2,199 575 N/A | N/A
3 ' 12,200 0,114 2,567 - 0 0 6,945 4,477 | O 0
o . . . .
@ 4 13,500 7,400 | 2,056 | 2 5 8,436 | 4,343 1 3
S 14,800 7,320 1,707 3 a 9,788 3,552 3 6
6 C 16,100 6,990 1,232 5 10 8,872 2,765 4 8
Asshmptions for analysis:
a. System. useful life = 15 years
b. Initial electrical enerygy cost = $0.05/kv-lir
c. Annual electfical encrgy cost escalation rate = 0.08
Jd. Discount rate = 0.10 ' . ’
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TABLE 3. - Annual electrical energy consumption comparison of -three
- unequal parallel compressor and conventional
supermarket refrige;ation systems

Annual electrical energy consumption (103 kW-hr)
Variable refrigeration Constant refrigeration
load profile load profile
System description . R-12 R-502 R-12 R-502
Three unequal
o parallel compressors
~ floating head . )
pressure* 83.8 86.7 112.6 ‘114.2
Three equal parallel
compressors minimum
condenser tempera- . :
ture = 9Q°fF " 112.9 99.9 148.0 134.3
Percent annual energy savings
25.8 13.2 23.9 15.0

*For R-12 systems, minimum condenser temperature = 65°F
For R-502 systems, minimum condenser temperature = 40°F.
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TABLE 4. - Pressure control settings

Cut-in Cut-out
pressure pressure
Compressor ~ (psig) (psiq)
20-hp compressor ’ 18 ' 5
lo-hp compressor 22 . 7
5-hp compressor 20 9

a. Mechanical pressure control settings for the
unequal parallel compressors.

Cut-in . ) Cut-out
pressures pressures
(psig) (psiqg)
(CT(0) - 17 ' Cco(0) - 12

b. Pressure settings for the microprocessor-based
electronic compressor control.
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TABLE 5. - Resplts of the comparison test between microprocessor—based.
electronic control and mechanical pressure control of the
experimental refrigeration system

Peccunt Aubrbent Conduny~

Averalye L gy Amprovenent tumpura~ g
putiae errrciongy N et yy ture . | gwoeusury
’ Averagu conunma:d rvaLlo atficiency watio TaInje Vet
tetedg- (kW) o,/ i, W) (v) “'r) (praly) Aver g
ufulil)ll N el ekttt S e - - [IUH ST
Run | - suppliod Total : ot al Tutal pressmae

[TV Control tygu (Btu/he) JComgiussor | systum Jrumpressor | systom ] Compressor] system | nigh] taae L itigh | tow {psiy)

007 | nicroproceusor 79,400 11.6 M. vt 5.4 n.s 5.9 77| o6] uv 5 141
012 | Mochanical 82,400 13.4 16.2 6.1 “al 75 wl w | v 11.7
predsure
I\
w 0603 | Microprocessour 106,500 14.7 11.7 7.2 L.0 12.5 9.1 1z 65| un 3o 14.9

O | Mechanlcal 120,000 18.9 2. [N} 9.9 ¥ i3 69 vl ul 11.0
(nudsure
U5 | Microuproceussor L0, 500 24.6 .4 5.0 5.1 9.0 u.s 79 €9 1123 107 15.4

010 | Hechunlcal 155,000 0.4 13.0 b.1 4.7 U 6yl 124 1o} 1a.u
pPrussure

-— B R T ) (RSP, IOy NN WURERy SR GNP S

Avirayu uveporator pressurs - 20 paly .

et lgorant - R-12
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TABLE 6. - Frequency of occurrence of a given
compressor operating state

Encrgy
} cfficiceney ratio
Compressor operating states Average _ (Bru/hr /W)
(percentage of total operaling time) refrigeration
M load Total
o Control type 5 hi 10 hp | 15 hp | 20 hp |25 hp |30 hp | 35 hp (Btu/hr) Compressor | system
007 | Microprocessor 3 52 15 - - - - 78,400 6.8 5.4
. ,
o
012 | Mechanical - - - 94 6 - - 82,400 6.1 5.1
pressure
063 | Micruprocessor - 9 19 35 37 - - 106,500 ‘ 7.2 - 6.0
Goed D Mlechanical - - - - 100 - - 120,800 - 6.4 5.5
priessulie '
ous | Hliceoprocessor - - - - 1 34 65 160,500 5.6 5.1
Olu | Mechanical - - - - - 3 97 155,000 | 5.1 4.7
pProessure




FIGURE 1.
2.
3.

FIGURES

Elements of the Experimental Refrigeration System
Refrigeration Load Model
Experimental Refrigeration System
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AIR-COOLED | (ROOF)
CONDENSER

SUBCOOLER | (ROOF)

(ROOF)
l RECEIVER )
SEASONMISER
_________ CONTROL RECEIVER (RACK
VALVE ECEIVER (RACK)
" i ﬁ
® : LIQUID HEADER (RACK)
= - PRESSURE THERMAL
QEQIAIM§§:--.—--_ NEAT RECLAIH REGULATOR EXPANSTON VALVES
VALVE DISCHARGE MANIFOLD (RACK) (RACK) B
(RACK) :
I
i
| Y

— . REFRIGERATION |
| LOAD MODEL |
o o oy e .
COMPRESSORS (RACK)
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~ | | X PRESSURE
| - - REGULATOR VALVES

SUCTION MANIFOLD_(RACK)

FIGURE 1. - Elements of the experimental refrigeration system.
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. UNIT COULLR
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RACK ! :
SUCTION - STLAN
(10T GAS , ) BOILER
DEFROST) .- MALK-IN SICAM
oyt NEATER S
; 60,000 Btu/hr
TO CONDENSATE RCYURN
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DEFROST)
w
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10 '
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E D ' . TO CONDENSATE
. _ : T |~ RETURN

FIGURE 2. - Refrigeration load model.
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- Experimental refrigeration system.

FIGURE 3.



