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Conclusion of two-part series on the use 
of earth pipes 

bl I! 
by C. Dale Elifrits and A.D.S. Gillies 

w To harness the advantages of precondi- 
tioned air systems for ventilating either 7 above grade or subsurface building 
space, two approaches are proposed. f - 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 

I through a heat pump unit which 'I I I  ows 
' S vcn- energy transfer to the builtlin~' 

tilation system. This ;~pproach is illus- 
trated in Figure 3. 

b) A closed-circuit buried pipc or tunncl 
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 

I 
11 in periods of extreme temperature 

variations. 
.7 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 

I have to be exhausted from the house 
creating problems of drafts. 

c) With a suitable system, air can be tem- 
pered to a temperature approaching 
average subsurface soiVrock tempera- 

I ture. Further heating or cooling using 
i mechanical plant will then be neces- 

sary to bring conditions to suitable 
i~~lcrior con~fhrt levels. 

empering 

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 tunncl. Pipe lengths in closctl- 
cil.cuit systems will hc much shorter ;111tl 

pipe tiiamctcrs s~n;dlcr. I'owcr lo o p c ~ ~ l c  
a I'm might he nccdctl in atltlilion to the 
cost ol' running the lieat pump. Heat 
pumps opcratc cxtrcmcly 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 interpreted 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 140m2 (1,500 sq. ft.) 
enclosed floor space. 

b) House construction incorporates mod- 
em insulation and heat loss is 3.25 
kWI0C (6200 BTUI0F). 

c) Air velocity along the pipe is 1.0 mls 

acil 

- 
- 

(3 Ills). 
d) The heat pump operates at a maximum 

cfficicncy. 

Results 
-. . - 

Results have hccn calculated using a 
li)rniula tlcvclopcd from empirical results 
and li)r accuracy checked against those 
ohhinctl using n li)rmula developed by 
Goch and Patterson (1940) from mining 
ventilation cxpcricnce. Valucs 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), 

c) for a closed circuit system incorporat- 
ing a heat pump unit and for an ope 
circuit system making use of h 
pump, and 

d) for air saturation level in flow enten 
the heat pump "evaporator" of 1 
per cent. Results are given in Table 
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 increase 
air flow through tube le 
lengths needed in the colde 
Freeport, 11, which exceed 
ft) for the various soil types are somew 
impractical for normal residential situa 
tions. However, those calulat 
closed circuit systems demand 
umetric air flow and most des 
dimensions which are co 
the size of a normal building lot. Som 
lend themselves to being buried beneat 
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At least 6.5 ft. of cover, 

would prefer 33 ft. or more. 

Fipurc 4: Schc~nolic ol' closctl-circuil air-flow tube or tunnel. 

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 I 
- 

Average I 

Ground Temp. 
Winter Average 
Minimum Design 
Temperature 

Design Domestic 
Heating Power 

Ground Material 

Dolomite 

Granite 

Sandstone 

Sandy Snil 

Clay 

Loam 

ROLLA, MO. 

13" C (55•‹F) 

-18•‹C (0•‹F) 

1 OkW 

Diameter Length 
(m)** (m)** 
0.66 68 

BIRMINGHAM, AL. 

17" (62•‹F) 

-7" (16•‹F) 

Diameter Length 
(m)* (m)* 
0.56 33 

0.56 23 

exhausting at 2" 

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 

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) 

-1 8•‹C (0•‹F) 

1 OkW 

Diameter Length 
(m)** (m)** 
1.33 309 

BIRMINGHAM, AL. 

17" (62•‹F) 

-7" (16•‹F) 

Diameter Length 
(m)** (m)** 
1.33 247 

1.33 172 

FREEPORT, IL. 

10' (50•‹F) 

-28"(-20•‹F) 

Diameter Length 
(m)** (m)*' 
1.38 380 

'Conditions for air entering heat pump evaporator al 10" 
"Multiply by 3.28 to convert to feet - 

,. =I . . 
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or a1 :I t l i s I ; ~ ~ ~ ~ c  01 I IO  i 1 1 1 1 1 1 c w t ~  111 2 ~ I I  

(6-9 1.1) o~~tsiilc I I I L *  o11t1.1 \vi~I l \  111 t b ~ ~ ' ~ ~  

vatcd bnsc~~~c l~ l s .  
The appro;~cl~ i~tlop~ctl 1111. ~ . I I I ~ W I I I I I O I I  

ofthe above results i n  ~ I ~ I ~ I ~ ~ I I I I I I I Q  1111  I I U '  111 

the design ol'cooli~~g S Y S I L ~ I I I \  i l l  1101 1'11 

mates. Under lllcsc silui~tic)~~\ 1111 I Io\v 
along the latcr scclio~~s 01 ;I pilw \ ~ \ I I ~ I I I  

will be saturalcd. Heat I ) L I I I I ~  olwr~lil~p 
at higher ternperalules will Ililvl* sligl~tly 
different charactcrisrics ;lnd cxhil~it c l i l  
ferent coefficients of P C ~ ~ ~ ) ~ I I I ~ I I I C ~ ' .  

Results from this cmpiric;~lly I~:~sctl 
study demonstrate that design ci~lculi~- 
tions for a pipe system arc complex i111t1 

the cost of investment in a suikhlc sill>- 
surface system will not be cheap. Howcv- 
er, the potential for obtaining long t c n ~ ~  
savings from installation of a ci~rcl'ully 
thought out and carefully dcsignctl and 
constructed system are apparent. El 


