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getting into it

Design of Air Tempering Facilities

Conclusion of two-part series on the use

of earth pipes

by C. Dale Elifrits and A.D.S. Gillies

To hamess the advantages of precondi-
tioned air systems for ventilating either
above grade or subsurface building
space, two approaches are proposed.

a) Air is passed from the outside along a
buried pipe or rock-lined tunnel and
blown directly into the building duct-
ing system,; or, alternatively, is passed
through a heat pump unit which allows
energy transfer to the building’s ven-
tilation system. This approach is illus-
trated in Figure 3.

b) A closed-circuit buried pipe or tunnel
system is developed for continuous air
passage. A heat pump placed in the
passageway extracts or dissipates heat
from the air and transfers energy to the
building. Air in the continuous pas-
sageway will never reach the extremes
of temperature induced by surface
conditions but rather reacts to the load
placed on it by the heat pump unit and
transfers energy to or from the adja-
cent ground mass. A schematic for the
system is shown in Figure 4.

The system using outside air blown
directly into the building has advantages
of simplicity and low operating cost.
Power costs to run a fan are not high.
However, a number of disadvantages are
presented.

a) Pipe or tunnel length will be consider-
able if air is to be suitably conditioned
in periods of extreme temperature
vanations.

b) In most climatic locations. a large air-
flow along the pipe will be needed if
sufficient energy is to be available for
heating or cooling the house. This will
have to be exhausted from the house
creating problems of drafts.

¢) With a suitable system, air can be tem-
pered to a temperature approaching
average subsurface soil/rock tempera-
ture. Further heating or cooling using
mechanical plant will then be neces-
sary to bring conditions to suitable
interior comfort levels.
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d) Odors, muskiness and dampness from
the tunnel will be brought into the
building.

A heat pump system overcomes many
of these problems as it separates the
building air system from that in the buried
pipe or tunnel. Pipe lengths in closed-
circuit systems will be much shorter and
pipe diameters smaller. Power (o operale
a [an might be needed in addition to the
cost of running the heat pump. Heat
pumps operate extremely inefficiently in
extreme winter or summer weather and
need auxiliary boosters, but are ideal for
tempered air conditions where the
ambiant (feed) air temperature has little
variation.

The principal disadvantages of using a
heat pump in either an open or closed
circuit system are:

a) the capital cost, power costs and main-
tenance costs of operating the mechan-
ical unit, and

b) the lack of fresh air brought into the

building.

The costs of using a heat pump can be

more than outweighed by designing a
closed circuit system in which construc-
tion, excavation, and liner placement
costs of the conduit are markedly
reduced. Fresh air intake into a dwelling
will generally not be a problem, although
a special intake for underground space
will need to be considered.
Empirical results have been intetpreted in
an endeavor to develop design criteria for
preconditioning pipe or tunnel systems
attached to domestic dwellings. Results
so far have only been developed for heat-
ing load conditions and are based on the
following assumptions.

a) The building being heated is a domes-
tic dwelling of 140m? (1,500 sq. ft.)
enclosed floor space.

b) House construction incorporates mod-
em insulation and heat loss is 3.25
kW/°C (6200 BTU/°F).

c) Alir velocity along the pipe is 1.0 m/s

(3 1Us).
d) The heat pump operates at a maximum
efficiency.

Results

Results have been calculated using a
formula developed from empirical results
and for accuracy checked against those
obtained using a formula developed by
Goch and Patterson (1940) from mining
ventilation experience. Values for both
pipe diameter and length are given:

a) for 3 U.S. climatic locations, i.e.
Rolla, MO: Birmingham, AL; and
Freeport, IL,

b) for three subsurface rock types and
three different soils (average values
for material properties for each mate-
rial have been used for density, and
thermal conductivity and specific heat
constants),

¢) for a closed circuit system incorporat-
ing a heat pump unit and for an open
circuit system making use of heat
pump, and

d) for air saturation level in flow entering
the heat pump ‘‘evaporator’” of 100
per cent. Results are given in Tables 1
and 2.

These results emphasize the size dif-
ference in pipe diameter and length
between the closed circuit and open cir-
cuit system design. The open system
designs demand dimensions capable of
handling extremes in climatic condition.
The air energy changes needed are
accommodated by increased volumetric
air flow through tube lengths. Pipe
lengths needed in the coldest climate of
Freeport, 11, which exceed 400m (1,320
ft) for the various soil types are somewhat
impractical for normal residential situa-
tions. However, those calulated for the
closed circuit systems demand lower vol-
umetric air flow and most designs are of
dimensions which are compatible with
the size of a normal building lot. Some
lend themselves to being buried beneath
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Figure 3: Schematic of open-circuit air-flow tube or tunnel.
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Figure 4: Schematic of ¢losed-circuit air-flow tube or tunnel.
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Table 1. Design criteria for closed circuit earth pipe or tunnel system utilizing heat
pump unit for three U.S. locations and varying ground material types.

LOCATION
Average

Ground Temp.
Winter Average
Minimum Design
Temperature

Design Domestic
Heating Power

Ground Material
Dolomite

Granite
Sandstone
Sandy Soil

Clay

Loam

ROLLA, MO.
13° C (55°F)
-18°C (0°F)

10kW

Diameter Length
mr (m)

0.66 68
0.66 48
0.66 64
0.66 78
0.66 78
0.66 74

BIRMINGHAM, AL.

17° (62°F)
-7° (16°F)
7KW
Diameter Length

(m<  (m)*
0.56 33
0.56 23
0.56 31
0.56 39
0.56 38
0.56 36

FREEPORT, IL.

10° (50°F)
-28°(-20°F)
12kW
Diameter Length

(m*  (m)"
0.73 185
0.73 133
0.73 175
0.73 220
0.73 215
0.73 202

*Conditions for air entering heat pump evaporator at 10° and exhausting at 2°
**Multiply by 3.28 to convert to feet.

Table 2. Design criteria for open circuit earth pipe or tunnel system utilizing heat
pump unit for three U.S. locations and varying ground material types.

LOCATION
Average

Ground Temp.
Winter Average
Minimum Design
Temperature

Design Domestic
Heating Power

Ground Material
Dolomite

Granite
Sandstone
Sandy Soil

Clay

Loam

ROLLA, MO.
13° C (55°F)
-18°C (0°F)

10kW

Diameter Length
(m)** (m)*w

1.33 309
1.33 225
1.33 292
1.33 363
1.33 354
1.33 335

BIRMINGHAM, AL.
17° (62°F)

-7° (16°F)

7kW

Diameter Length
(m)k* (m)kk

1.33 247
1.33 172
1.33 232
1.33 300
1.33 292
1.33 273

“Conditions for air entering heat pump évaporalor al 10°,
““Multiply by 3.28 to convert to feet

FREEPORT, IL.
10° (50°F)

-28°(-20°F)

12kW

Diameter Length
(m)** (m)ﬁ .

1.38 380
1.38 283
1.38 361

1.38 439
1.38 430

1.98 400
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or at a distance of no inlluenee ol 2-3m
(6-9 1) outside the owter walls ol exen
vated basements.

The approach adopted tor caleulation
of the above results in adaptable foruse in
the design of cooling systems in hot ¢li
mates. Under these situations wirtlow
along the later sections of i pipe system
will be saturated. Heat putips operating
at higher temperatures will have sliphtly
different characteristics and ¢xhibit dit
ferent coefficients of performance.

Results from this empirically based
study demonstrate that design calceuli-
tions for a pipe system are complex and
the cost of investment in a suitable sub-
surface system will not be cheap. Howev-
er, the potential for obtaining long term
savings from installation ol a carcfully
thought out and carefully designed and
constructed system are apparent. E

Dr. Dale Elifrits is an assistant pro-
fessor of geological engineering at the
University of Missouri-Rolla, He can be
reached at the School of Mines and Met
allurgy, Department of Geological
Engineering, 125 Mining Bldg., Rolla,
Mo., 65401. Dr. Stewart Gillies iy a lec
turer in mining engineering at the Uni
versity of Queensland, St L,
Queensland, 1007, Australia
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