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' of Thermo Electron Corporation as an account of work sponsored by the
Gas Research Institute (GRI). Neither GRI, members of GRI, nor any

- person acting on behalf of either:
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respect to the accuracy, completeness, or usefulness of the
information contained in this report, or that the use of any
information, apparatus, method, or prccess disclosed in this

report may not infringe privately owned rights; or
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The work presented in this report includes: 1) the development of a heat-pipe condensing
heat exchanger, 2) the development of a nominal 100,000-Btu/hr modulating air/gas valve,
3) the experimental performancd studies of water/copper thermosyphons, 4) the field op-
peration of a six-zone warm-air heating system, 5) the adaptation of a conventional venturi-
type burner to modulation, and 6) the results of a one-day workshop for manufacturers of

HVAC equipment on heat-pipe heat exchangers. Several of the accomplishments of the pro-
ject included:

® A unique air/gas valve was adapted to furnaces with heat-pipe and drum-type heat
exchangers, providing these furnaces with over a 5-to-1 turndown capability.

® A six-zone warm-air heating system was tested for two winters with the modulating
furnaces previously described.: The systems performed well, maintaining zones at

their setpoints and providing almost continuous furnace operation at outdoor temper-
atures below 35°F.

e

® “'A data base for the application of copper/water thermosyphons was started.. Very

high heat transport capacities were demonstrated for a thermosyphon with a unique
. internal artery.

@ A ten-tube heat-pipe heat exchanger was incorporated into a conventienal clam-shell
° furnace as its second-stage condensing heat exchanger with only a small increase
in the furnace's dimensions. With the heat-pipe hsat exchanger, the furnace
reached a 92-percent steady-state efficiency.
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Improve the competitiveness of gas-fired, residen-
tial, HVAC equipment by developing advanced.
designs that exploit heat- pipe heat exchangers and
modulating burners. Perform basic studies both to
improve the function of heat-pipe heat exchangers
and modulating burners, and to characterize their
performance so that they can more readily be in-
corporated into HVAC equipment. Finally, develop
and test prototypes of equipment, that use these
novel compounents.

Both heat pipes and modulating burners can greatly
enhance the function of thermal equipment. Heat
pipes, which provide an extremely high thermal
conductivity path for heat to be transferred be-
tween two fluid streams, can produce very compact
and lightweight heat exchangers in .comparison to
conventional clamshell designs. They also have

the unique ability to act as a thermal diode, re-
ducing standby losses in some applications by pre-
venting heat from leaving the system via the path

Modulating burners can improve the operation of
many thermal systems that have a variable heating
load. For example, a residential. warm-air furnace
that is designed to meet a house's design load is
greatly oversized for much of the heating season.
If a modulating burner is incorporated into the fur-
nace, its efficiency can be improved by operating
it continuously at lower firing rates and blower
speeds rather than cycling it at maximum firing
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rate and blower speed. Operating nearly contin-
uously, the warm-air furnace also becomes less
intrusive to the homeowner.

Task 1 - Condensing Heat-Pipe Heat Exchanger:

A ten-tube manifolded heat-pipe heat 2xchanger
that would convert a conventional clamshell furnace
into a high-efficiency condensing unit was devel-
oped. The heat exchanger was incorporated into
the cabinet of the clamshell furnace with only a
small increase in its dimensions. With the condens-
ing heat exchanger, the furnace exceeded a 92-
percent steady-state efficiency. However, almost
all furnace manufacturers have now developed their
own condensing furnaces. Becaus. the original
incentive for this task no longer exists, it has
been discontinued.

Task 2 - Modulating Burner and Controls
Development: A thorough investigation of the
parameters that affect the performance of a variable
orifice modulating air/gas valve was completed.

Based on this work, a valve was designed that
maintained a nearly constant air-to-fuel ratio over

a 7-to-1 turndown range. A means of varying the
air-to-fuel ratio on a predetermined schedule that

ensures that the burner operates stably in a par-

ticular application is described.

Task 3 - Heat-Pipe Technology: The performance
of a single-tube copper/water thermosyphon was
characterized as a function of fluid inventory and
inclination angle. As part of this work, the maxi-
mum heat-transport capacity of the thermosyphon
was measured. The effect of antifreeze, oil and
noncondensible gas on the performance of the
thermosyphon was also determined. An internal
artery was developed for the thermosyphon that
increased its heat transport capacity 300 percent.

Task 4 - Desiccant Technology - Residential
Applications and Decvelopment: The potential of
several thermally regenerable desiccants to be
applied in total air treatmert systems was explored.
Under subcentract to Tecogen, Arthur D. Little,
Inc., prepared a report on consumer attitudes
towards indoor comfort and air quality.
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Task 7 - Field Evaluation of a Zoned Heating
System: A six-zone warm-air residential heating
system using the modulating valve developed in
Task 2 was tested during the 1985-86 heating
season. The system was operated by a controller
developed by Johnson Controls. The system ran
for over 2000 hours with almost no problems, while
it effectively maintained zone temperatures at thelr
setpoints.

Task 9 - Field Evaluation of a Modulating Furnace:
A Yukon condensing furnace retrofit with the air/
gas valve developed in Task 2 was operated as ;
part of a zoned heating system. The zoned heat-
ing system, which was first operated in Task 7,
was modified to: (1) achieve longer periods of
continuous operation, and (2) allow the homeowner
to adjust temperature setpoints remotely from the
zones. The system operated satisfactorily through-
out the three-month test. Essentially, continuous
furnace operation was achieved below 35°F cutdoor
temperature, with damper cycling rates three to
ten times lower at these tempera.ures than ‘hey
had been in the earlier test.

Task 11 - The Development of a Modulated Venturi-
Type Burner: A venturi burner made by Wayne
Home Eaquipment was modified to increase the range
of firing rates over which it could be modulated.
By installing a baffle to maintain a more constant
primary-to-secondary air ration and an extension
to the gas orifice so that gas could’ be introduced
at the lowest pressure location in the venturi, the
modulating range was increased from 1.8 to 6.6.
Further work on modulating burners will focus on
induced-draft residential furnaces in aparallel
GRI project.

Task 13 - Heat-Pipe Technology Development: The
effect of manifolding on the heat transport capacity
of a heat-pipe heat exchanger was studied. Mani-
folded heat pipe heat exchangers of 7, 10, and 18

tubes were operated in a gas-fired test rig, as was
a single-tube device. While all manifolded heat ex-
changers could transport much higher heat fluxe’

per-tube than the single-tube device before failure
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occurred, per-tube capacities decreased as the
number of manifclded ‘ubes increased. Further-
more, manifolded systems had higher heat transport
capacities in a veritical position than when tilted

45 degrees. Explanations for the preceding ob-
servations are given in this report.

Task 14 - Heat-Pipe Workshop: A heat-pipe tech-
nology workshop, sponsored by GRI and hosted by
Tecogen, was held on May 22, 1987 for manufac-
turers of gas-fired appliances and heating equip-
ment. The objectives of the workshop were to:

(1) gauge industry's interest in heat-pipe heat
exchangers, (2) identify the barriers to their
wider implementation, and (3) determine whether
GRI can help overcome these barriers. A summary
of the workshop is included in the report.

The research in this project on both modulating
burners and heat-pipe heat exchangers has pro-
ceeded as follows: (1) determine the most promising
applications for tke new technologies through activ-
ities such as the workshops, studies of users'
needs and discussions with manufacturers, (2) de-
velop a better understanding of each device's per-
formance characteristics through controlled opera-
tion in the laboratory, and (3) test novel designs
of thermal equipment using either device under
conaitions that simulate field operation.

The Advanced Heat Pipe Heat Exchanger and
Microprocessor-Based Modulating Burner Controls
Development Project has served the GRI Residential
Space Conditioning Program in a number of ways,
including:

1. Developed a modulating burner capable of pre-
cisely controlling the air-to-fuel ratio and
capable of stable operation over a wide range
of outptus, for use in future modulating fur-
naces or any other appliance needing a gas-~
powered modulatable heat input

2. Provided extensive basic information about the
operation of heat pipes and the improvement
of the heat transfer rate of such pipes

3, Provided GRI with two patent filings on heat
pipe technology

viii
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This background technology will be essential in the
future applications of heat pipes and may be critical
in future GRI developments in modulating furnaces
and zoned systems. All information from this
project, as well as the modulating furnace concept
itself, is being transferred to Building Systems,
Area 4.1.8. ;

Bill Ryan
Project Manager
Residential Space Cooling
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