




Comparisons of field performance to closed-door test T ABLE 1
ratings indicate the laboratory procedure is a valid indica- Design Options to Improve the Energy Efficiency of a

tion of energy use in field service (Meier and Jansky 1993). Conventionally Designed Refrigerator-Freezer

Since commercially manufactured refrigerators were

u~ as laboratory test beds, a testing sequence of ..as PHASE I -Efficiency Options

received" tests followed by tests of units with improved insulation and the original refrigeration circuit was estab- OptIon 1 High-efficlency compressor substItutIon

lisheu: Finally, improved cabinets with an optimized Option 2 Evaporator/condenser size, surface

r~frige~tion circuit or cvcle were tested. Baseline or enhancement, improved heat transfer, air
., ., 01 ,

starting p9ini; .perfo~ce was carefully documented to flow

avoid any ambiguity about measured improvements result- Option 3 Improved refrigerant

ing from design or hardware changes. Option 4 Improved condenser/compressor cooling-

EXPERIMENTAL PLAN component location

Option 5 Enhanced cabinet and door insulation

..~ experimental plan was formulated to help order and Option 6 Reduced door gasket losses

pnontlze laboratory work. Two phases were anticipated. ..
Phase I emphasizes changes in hardware and refrigerants OptIon 7 AdaptIve defrost

that can be incorporated into the conventional RF design (a Option 8 High-efficiency fan motor

single fan-forced evaporator, single condenser, and single- Option 9 Uquid-line-flange heat for anti-sweat

speed compressor) operating with a pure refrigerant or. ...
nearly azeotropic refrigerant blend ( < 6°F [3 OC] separation Option 10 Uqwd-line off-cycle control

of dew and bubble points at evaporator pressures). Some

cold air from the freezer is diverted to cool the fresh food

compartment. Changes centered on this conventional design

were considered to be more acceptable to manufacturers
because they represented more conventional hardware and options. Table 2 lists the baseline and new model inputs

) control algorithms, less rearranging of components, and ~ to ~btain ~e results shown graphically in Figure 2.

greater reliability .With regard to the phase I options, it was Smce bullt-up umts were used as experimental breadboards,

assumed that R-12 would be replaced with a non-orone- some design changes could not be conveniently retrofitted

depleting refrigerant in all of the experimental evaluations. into the cabinets wi~out compromising cabinet construction

Phase I Options Options for improving conventional and original insul..t~g in~egrity .Figure 2 indicates two

RF efficiency fall into four general areas: (I) improving the sectors of modeled energy savings calculated for indicated

refrigeration cycle efficiency, (2) decreasing the cabinet hardware and operational changes on a 1990 vintage, 20-rt3

heat load, (3) reducing parasitic electrical loads, and (4) (570-L) RF. The results from ..modeled only" changes are

reducing on/off cycling losses (see Table 1) (Bohman 1987; shown in the upper left sector of ~s figure. As Table 2

Turiel and Heydari 1988). Options 1 through 4 in Table I indicates, the maximum energy impacts associated with

deal primarily with improving the thermodynamic efficiency reducing door gasket leaks, improving defrost control, and

of the refrigeration cycle. Options 5 and 6 have a direct avoiding the use of electrical resistance heat for preventing

influence on reducing the cabinet heat load. Adaptive condensate at the door gaskets were estimated by ..zeroing

defrost, efficient fan motors, and liquid line flange heat out" the program inputs dealing with each option. This was

(options 7 and 8) all affect the parasitic electrical load but done to assess the greatest energy savings attributable to

also have an impact on the cabinet heat load. Options 7 and improvements in these features. It is not meant to imply

9 have the potential for reducing incidental contributions to that these loads can be totally eliminated.

the refrigeration load, but the effect of option 9 may be to The other sector of energy savings shown m Figure 2

decrease the electrical load while increasing the net heat shows modeled results calculated for reasonable improve-

load that must ~ refrigerated. Opti~n 10, a liquid.line shut- ments to components used in the original 1990 design. For

off valve, which has been extensively used with rotary example, replacing the original 4.43 EER compressor with

compressors, p~vents hot refrigerant migration to the one rated at 5.3 EER resulted in a 12.4% (0.37 kWh/day)

evapo.rator durIng. the compressor. off-cycle~ the~by energy savings. Changing the compressor, improving

~educmg on/off cyclmg losses. D~pendmg on their. motlvat- cabinet insulation by 18% to 20% , using electrically

lDg force, these valves may contnbute to the electncalload. commutated direct-current fan motors, and installation of a

liquid line shut-off valve are all changes that could be

MODELED ENERGY SAVINGS RESULTS experimentally implemented with relatively available

components and a minimum of cabinet deterioration.

The modeling program was used to evaluate the Specifications of obtainable components were used as inputs

energy-saving potential of several of these phase I design to the model for the simulation calculations.



TABLE 2
Model Inputs for Phase I Changes

Baseline Unit Improved Unit

(Initial Inputs) (Energy Saving Change )

lmproved Compressor 4.43 EER .5.3 EER
(R-l2) .(R.134a)

Evaporator Fan Motor 10.0 Watts 4.0 Watts

Condenser Fan Motor 13.5 Watts 8.0 Watts

Cabinet Load (@ 90°F) 292.6 Btu/11 250.8 Btu/h

(QF--.1~...I) (0.51) (0.52)

Liquid-line Shut-off No Yes

Defrost Energy (electrical and thermal load) 0.11 kWh/d 0.00 kWh/d

Anti-Sweat Heat 0.11 kWh/d 0.00 kWh/d

Door Gasket Heat Transfer 0.04 Btu/ft.oF (w/o fan) 0.000 Btu/ft.oF

0.07 Btu/ft.oF (w/fan)

Uquld-Une Enmlnat. Defroat
Flange Heat.,. Energy Load Evaporator Fan

(3.5%; 0.10 kWh/d) (8.441.; 0.24 kWh/d) (5.2%; 0.16 kWh/d)

nd- Fan

Eliminate DoorG~et Leaka {2.0%; 0.06 kWh/d)

c' . (13.a; 0.38 kWtVd) dent Compr888or
4~; 0.37 kWtVd)

18.0% Better
Cabinet InsulatIon

(10.9%; 0.33 kWtVd)

Energy U.. Of 20 ft' RF Uquld-Une
WIth 0-1 n ChangM Shut-Off Valve
(39~ 1~08 kWtVd) (5.1~; 0.15 kWh/d)

Figure 2 Modeled energy savings from design changes-l990 base unit (2.87 kWh/day). Changes applied individually

against base.

Individual vs. Collective Energy Savings antisweat cabinet beaters, the program goal of 1.00

kWh/day or less was not met. Additional energy savings are

Modeling allows each energy-saving feature to be needed from even more efficient components, better

evaluated separately. Each potential improvement was refrigerants, or an advanced design that utilizes a more

determined individuallyagainst the 2.87 kWh/day baseline efficient thennodynamic cycle to reach this ambitious

starting point; thus, when all these changes are incorporated target. Clearly, as evidenced by Figure 1, the domestic RF

into a single system, the net improvement will n~ly is rapidly reaching the point of diminishing returns as an

be less than the total of all the separately determined opportunity to save significant amounts of national energy.

improvements in Figure 2. For example, when the im-
proved compressor, heat exchanger fans, insulation, and EXPERIMENTAL RESULTS

liquid line shut-off are combined into one RF, the net
energy-use reduction is 31.2% (0.90 kWh/day) rather than Reverse Heat Loss Tests

the 35.6% (1.02 kWh/day) total suggested in Figure 2. It is
apparent from this analysis that, even with the optimistic Steady-state heat loss measurements were performed on

estimates calculated by comparing each improvement to the baseline RF cabinets ''as received" and cabinets with

baseline RF energy use and maximizing energy saving externally mounted expanded polystyrene panels to simulate

predicted from eliminating defrosts, gasket door leaks, and reduced-Ioad cabinet designs. Data similar to those plotted



ng~u'L~ ...U"",,- , ~~ -
-90°F Ambient. 5°F Freezer, 38°F Fresh Food Compartment

Op- a,... -~- Cabinet ~-
(Btulhr) (BtuJhr) (Btu/hr)

3ase Cabinet:
'. .'i',&~.~.c~t,;.i;". 160.5 130.6 291.1 0.55

.-M:odel~d:. 148.6 144.0 292.6 0.51

Cabinet w!Added Insulation: .

Experimental: 129.1 107.8 236.9 0.54
Modeled: 129.3 121.5 250.8 0.52
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Figure 4 Compressor calorimeter results.

analytical results are listed for cases D and E ~~~~ the A 4% to 5% discrepancy is seen between our expen-
RF model used does not have enough versatility to directly mentally measured, ''as received" energy consumption and
input parameters describing the enhanced evaporator being that predicted by the model and measured by the manufac-
used experimentally. An iterative process of changing the turer. Several attempts to resolve this difference in results
evaporator UA (combined overall heat transfer coefficient were unsuccessful, so a decision was made to proceed with
and area) in the model and correlating model outputs with separate experimental and modeled baseline values and to

experimentally measured data, such as heat exchanger compare energy savings relative to the appropriate starting
temperatures and pressures, would be required. point. When this approach is applied to the data in Table 4.












