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BRAUN ENGINE/COMPRESSOR AS TESTED
FOR HEAT PUMP APPLICATION—AN UPDATE

A.T. Braun

ABSTRACT

This paper provides updated information on the Department of Energy/Oak Ridge National
Laboratories (DOE/ORNL) Braun Heat Pump Program. This paper includes highlights of the measured
Coefficients of Performance (COP) values achieved with the BR-105R.2 engine/refrigerant
compressor, which sighificantly exceed contract requirements and measured COP values reported
before. It describes the breadboard test rig and the results of corroborating englne
efficiency tests performed by a major independent laboratory. This paper also addresses the
status test results and selection methods of the critical Braun Hermetic Seal which prevents
loss and contamination of the pumped refrigerant. Information is also supplied on qualifying
the Braun BR105R.2 model for operation with natural gas.

INTRODUCT 10N

Progress in the development of the Braun heat pump has been substantially enhanced since mid-
1980, when three related DOE/ORNL R & D contracts were granted. The work in the intervening
years has yielded very favorable results, including significant Improvements of the Coefficlent
Of Performance (COP}, not only over contract requirements, but also over any corresponding
measured results reported before (Figure 1),

As shown In Flgure 2, the heat pump work proper was preceded by a Seal | program, Indeed,
it was perceived from the outset of the heat pump development that a reliasble - preferably
hermetic - seal between the engine and the refrigerant compressor was an essential prerequisite
for a serious heat pump effort.

Demonstration of a proprietary proof-of-concept seal at the completion of the Seal |
program was therefore considered the logical starting point for Heat Pump Programs [ and II.
Under Heat Pump Program [, a BR-105R.1 model, including the proprietary hermetic seal, was
developed to satisfactory proof-of-concept status. Program Il then followed with the
breadboard demonstration of a BR-105.R.2 model through an operating range between -20 F and 120
F ambient temperatures.

This BR-105R.2 engine/compressor unit embodies the essential design features of a first-
generation production machine. It combines unusual simplicity with potential for long life,
trouble free operation and low manufacturing cost. Figure 1 shows the substantial difference
of 60 % (2:1.2 = 1.6) of measured COP values of the BR-105R.2 over the best reported values of
the nearest competitive engine-driven heat pump (Kawamoto et al. 1984),

As part of the evaluation of the existing Braun engine technology, a series of tests with
the basic BR-105 engine/air compressor module were carried out in 1883 by a prominent
independent laboratory. The measured overall efficiency of the combined engine and compressor
reported at that time was 30.8 %, (LHV).
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HERMETIC SEAL - TESTING AND STATUS

The research on the seals started with extensive analytical work and stringent testing and
culminated in the selection of a unique and patented hermetic seal. Because of funding
constraints, the initial version of this seal was constructed from off-the-shelf components,
Testing Included subjecting the seal to sinusoidal motion as well as to the actual engine
dynamics in a basic Braun BR-105 engine. Acceptable bellows seal operation requires limitation
of maximum bellows stress through control of seal dynamics over a wide range of speeds and
strokes. The selected seal concept provided the excellent improvement of seal dynamics
necessary for satisfactory stress levels. The drastic effects of this are shown in Figures 3
and 4, where the respective maximum deflections (stress levels) as well as stroke and speed
ranges of this Braun hermetic seal are compared with conventional bellows seals,

By using the most sultable of available seal components, a final design was worked out that
is well within the design criterla for infinite life, as indicated in Figure 5.

In bench testing, selected bellows seal subassemblies were subjected to the anticipated

operating stress and dynamics. In an ongoing endurance testing program s seal subassembly has
been subjected to well over one billion cycles without failure,

ENGINE/COMPRESSOR - PERFORMANCE VERIFICATION

Qualification of the Braun engine for natural gas heat pump operation is being carried out and
includes the design, fabrication and testing of an appropriate natural gas fuel injection
system. Testing and analytical procedures are Identical to those followed in earlier phases to
determine full-load characteristics and performance,

A liquid-to-liquid breadboard system is being used to provide a refrigerant compressor test
bed for the demonstration of the Braun linear engine/compressor under heat pump application
loads. Figure 6 is a simplified schematic, and Figure 7 a photograph, of this system in the
test laboratory as well as the present updated BR-105R.2 test demonstration rig. It is
basically a quasi-adiabatic test condenser and evaporator and heat transfer tank. The heat
source and heat sink are provided by the condenser and evaparator, respectively. The thermal
energy transfer is provided by the heat transfer fluid and occurs in the mixing header and the
heat transfer tank. The excess heat (work of compression) is purged to the atmosphere,

In Figure 8 the variation of the Braun engine/compressor heating COP as a function of
ambient temperature and representative of performance in a heat pump system is shown for both
the early BR-105R,1 and the present updated BR-105R.2 unit. Corresponding measured data points
are also presented in Figure 9. Figure 10 shows the updated data acquisition system. In
Figure 11 the basic elements of the bread board heat pump system test loop are shown. Table |
reflects measured results of the BR-105R.2 operating on natural gas.

FIELD TESTS

Concurrent with the continuing development and performance Improvement work of the updated
Braun BR-105R.2, a two-year field-test program for a typlcal 15-ton commercial heat pump
application is being carried out. Significantly, this program Is organized as a cost-sharing
program between DOE/ORNL and two major gas utilities along with the participation of a
prominent U.S. HVAC manufacturer. [t involves six Braun BR-105R.?2 engine/refrigerant
compressors, supplied by Tectonics Research, Inc. (TRI). Of these six BR-105R.2 units, the
first is being performance tested in the TRI laboratory on the test rig shown in Figures 6 and
7. A second unit is being evaluated for proper slzing of the system by the HVAC manufacturer,
Of the remaining four units, two are being used for performance and durability testing in
different, accelerated modes in the laboratory. Units five and six will be installed in two
separate commercial fleld test situations. The field tests are scheduled to last two years and
will be carried out under the auspices of the two cast-sharing utilities.

SLMMARY

Since its inception In 1980, the programs for the development of the Braun engine-driven heat
pump have produced sound and even remarkable results, In all essential stages of the program,
established goals have been met or exceeded, In the engine compressor unit no exotic
materials, systems or methods were required to attain these goals, The key elements utilized
in the Braun Balancer and the Braun Hermetic Seal have been successfully used in corresponding
applications for many decades. The few new components, such as the balancer gear, have been

154




successfully commercialized worldwide by Braun licensees since 1974. The orderly progress and
the achievement of the high values are partially attributable to the author's lifetime
experience with linear engines and to the existence at the ocutset of the program of several

thoroughly tested and well understood engine/air compressor units.

On the basis of the described status of the BR-105R.2 model, It Is belleved these machines
are ready for early commercial introduction and final development into production units.
According to expert testimony at recent U.5. House of Representatives hearings, the market
potential of the heat-sctuated heat pump over the pext two decades is in the several hundred
billion dollar range. This averages into annual sales of between ten and twenty billlon
dollars, and the creation of between 100,000 and 200,000 new jobs, The unusually high
efficiency of the Braun heat pump technology can additlonally result in annual energy savings

Iin the tens of billions of dollars.

Kawamoto, Hiroshi; Takata, Yukio; and Shibuya, Kenichi, 1984. "Development of a gas engine
heat pump for domestic and commercial use," In Proceedings of the 1984 International
Gas Research Conference, Gas Utilization Technology Center, Osaka, Japan.
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Figuras 7.

BR-105R.2 heat pump
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Discussion

J.J. FROST, Columbia Gas, Columbus, DH: Comment on Flrst cost,

A.T. BRAUN: Considering the exceptional simplicity of the design, the small number of parts
and absence of requirements for exotic materials, and unusually open tolerances, the first
cost of the Braun engine should be substantlally less than its conventional counterparts,

K.J. KOUNTZ, Institute of Gas Technology, Chicago: What are the projected residential
air-air heat pump COPs for the Braun engine considering the higher discharge pressure and
lower suction pressures in the systems, relative to the water-cooled evaporators and
condensors reported on in the papec?

BRAUN: The COPs reported in the paper are based on conditions corresponding to those of
conventional residentlial air-air type equipment. WNote that the Braun engine/compressor is
expected to perform better than “conventional” equipment due Lo the absence of lubricant in
the refrigerant accomplished with the non-lube design of the Braun COMpressor,

G. HEBER, Frigoscandia, Bellevue, WA: How nolsy are the compressors?

BRAUN: As our machines are completely vibration-free structural noise transmission is
eliminated and noise control depends mainly on housing around engine/compressors. The cost
of the housing i= minimized because of the small size of the machine and acceptable nolse
levels can therefore be attained with substantially less effort than in the case of
conventional units.
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