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Abstract

The thermal performance of the underground airpipe air conditioning system constructed at the Non-Conventional Energy
Research Institute, Ghosi has been studied. The heat exchanger is used in recirculation mode to aircondition eight rooms in a guest
house at the Institute. The temperature and relative humidity of a conditioned and non-conditioned room are measured every two
hours. The cooling potential of the system is estimated. It is observed that reasonably good thermal comfort conditions can be
created in the building with such a system. The COP of the installed system is found to be 3.35. € 1998 Elsevier Science Ltd. All

rights reserved.
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1. Introduction

The comfort of the human body primarily depends
on three factors: temperature, relative humidity and air
motion, temperature being the single most important
factor. People feel comfortable when the temperature is
between 22 and 27°C. After the temperature, relative
humidity is the next important factor affecting human
comfort, since it affects the amount of heat a body can
dissipate through evaporation. People feel comfortable
when relative humidity is within the range of 40-60%. Air
motion also plays animportant role in human comfort. It
removes the warm, moist air that builds up around the
body and replaces it with fresh air. Therefore, air motion
improves heat rejection by both convection and evap-
oration. Air motion should be strong enough to remove
the heat and moisture from the vicinity of the body, but
gentle enough to be unnoticed. According to literature,
comfortable air speed is observed to be 15 m/min.

The temperature in the ground at a depth of about 4
S min tropical regions is generally in the human comfort
range (27-29°C). For a large thermal mass of earth, pro-
vides a very stable thermal environment, even if a large
amount of heat is dumped or withdrawn from these
depths. The stable and comfortable environment of the
ground at these depths can be used to create thermal

* Corresponding author.

comfort conditions in living spaces by directly or
indirectly coupling the ground at these depths to the
building. In indirect coupling, air passing through the
airpipes buried in the ground is conditioned and cir-
culated through the living spaces. Air passing through
the airpipes can be drawn either from ambient (single pass
system) or from the conditioned space itself (recirculation
system).

In the present paper, the experimental results obtained
from a recirculation type underground airpipe air-
conditioning system situated at the Non-Conventional
Energy Research Institute, Ghosi, are reported. The lay-
out of the earth airpipe system, and the portions of the
building air-conditioned by the system, are indicated in
Figs 1, 2 and 3 for evaluation of its thermal performance
during the summer season. The parameters measured
during this study include temperature, relative humidity
and air velocity. The system was monitored continuously
day and night for 31 days during the month of May 1997.
The measured results are presented in the form of graphs
and tables.

2. Description of the system

The earth airpipe airconditioning system under evalu-
ation is used in the Solar Passive Guest House, which is
a double storey building having two guest suites, two
deluxe suites, two reception lounges, a dining hall and

0360-1323/99/$—see front matter © 1998 Elsevier Science Ltd. All rights reserved
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Fig. 1. Layout of the earth airpipe system.

‘a solar power plant battery room. The airpipe system
comprises a below-grade blower chamber, a below-grade
inspection chamber, two heat exchanger tubes on the
suction side of the blower and two heat exchanger tubes
on the delivery side of the blower. The concrete heat
exchanger (length 85 m, diameter 0.5 m) are buried par-
allel to each other at spacing of 1 m and at a depth of 2.5
m. The delivery side heat exchanger tubes start from the
below-grade blower chamber, pass through the below-
grade inspection chamber and run under the main build-
ing. The suction side heat exchanger tubes start from the
building, run under it and finally are connected to the
below-grade blower chamber. For circulation of con-
ditioned air through the rooms, each heat exchanger tube
is connected to four delivery ducts (on delivery sides) and
four suction ducts (on suction side) of 23 c¢cm diameter
each.

= e e

The air delivery ducts enter all the conditioned room
at a height of 2.2 m from the floor. In a similar manne
suction ducts are connected to the rooms at the sam
height of 2.2 m. The openings of the delivery and suctio:
ducts into the room are covered with metal wire mesh, t
prevent the entry of insects and foreign matter.

The below-grade inspection chamber (constructed ir
between the below-grade blower chamber and the gues
house) is used for periodic maintenance and to pump ou
any water leaked into the heat exchanger tubes from the
ground. The below-grade blower chamber (constructed
underground) has two blowers, which suck the air from
the rooms and force it into delivery ducts via the heal
exchanger tubes. The blowers are belt driven by 3 HP
electric motors. An airtight tarpaulin cloth is used to
connect the heat exchanger tubes to the blowers.

3. Working principle

During the operation, the blower sucks air from the
rooms and circulates it through the earth-coupled heat
exchanger tubes. In summer, warm air from the rooms
givesup its heat to the heat exchanger tubes by convection
which is then dissipated to the earth by conduction. The
cool air from the system is supplied to the living space
through the delivery ducts. In winter, the cold air from
the rooms is heated in the earth-coupled heat exchanger
tubes and the supplied back to the area that needs heat-
ing. Thus building space is cooled during the summer and
heated during the winter by utilizing the stable under-
ground environment, with the help of the earth airpipe
system.

4. Measurements

For comparison. measurements were taken in an air
conditioned room (dining hall) and non-conditioned
room (kitchen). The temperature and relative humidity
were measured at five different locations with the help of
a digital thermo-hydrometer. Therm 2227-2. at regulur
intervals of 2 hours. Five points were selected for tem-
perature and humidity measurements to include ambicnt
(under shade). opening of the delivery, and suction ducts
of dining hall, centre of the dining hal! and centre of the
kitchen. For determining the velocity profile of the air at
the delivery and suction ducts, air velocity was measured
across the openings at nine different points using an
anemometer. (Four points in central horizontal line, four
points in central vertical line and one in the centre of the
opening.) The average value of air flow velocity was
found to be 6.3 m/s. The temperature and relative
humidity measurements were taken for the entire month
of May, the hottest month of the year at Ghosi.
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Fig. 2. Portions of the building airconditioned by the system on the ground floor.
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Fig. 3. Portions of the building airconditioned by the system on the first floor.

tively. Temperature and relative humidity readings mea-
sured at five locations on three typicaldays of month (17,

5. Results and discussion

The maximum, minimum and average values of the
recorded temperature and relative humidity for five
locations on each day are given in Tables 1 and 2, respec-

18 and 19 May 1997) are plotted in Figs 4 and S. From
these figures and tables, it is observed that during the
summer period, the ambient temperature varied between




REIATIUVUE HUMIDITY IN PERCENYAGE

R.L. Sawhney et al.|Building and Environment 34 (1999) 189-196

PERFORMAMCE OF RECIRCULATION TYPE AIRPIPE SYSTEM

as__ - =
r A ambient A non ac [] delivery @ suction () room
12
.\
48,
'* R
38 | | 4
g I $
/
E 36 W % /
/ ]
M 34 A !
(Y]
A)
g 32 f
Al
- A,
B ae. 44"“" A AAAAD oy R A
A R 4 o % e 4
: 1ags : NIrt e g s s YN -4~
28 = <
N b ggetatiag R o %Baﬁlﬂ g pt i iiieasd
3 2] 4 Sl A
e A ‘\ i, pL—y
£ 0
7} 249 \w A\ A
5
~ a2 i 1 T 7 T J i T i 1 T T i i T
6 18 14 18 22 26 38 34 38 42 46 38 53 58 62 66 707
TIME IN HOURS [17TH TO 19TH MAY 19971
Fig. 4. Performance of recirculation type airpipe system. Variation of temperature with time.
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22.5 and 44.2°C, whereas relative humidity varied
between 9.4 and 75.8%. The conditioned air from the
system, at the delivery opening in the room, showed vari-
ations in the dry bulb temperature between 25.3 and
28.4°C, and relative humidity variation between 40.8 and
70.3%. At the centre of the air conditioned room the
temperature varied between 27.6 and 29.7°C, while rela-
tive humidity varied between 38.9 and 65.7%. The tem-
perature and relative humidity of the kitchen (non-
conditioned room) during the same period ranged
between 26.4 and 32.8°C and 25.8 and 65.4% respec-
tively. The monthly average value of daily minimum,
daily maximum and daily average values of the tem-
perature and relative humidity for 31 days at the five
locations are given in Tables | and 2. The monthly aver-
age value of the daily minimum temperature (a) for the

ambient, (b) for the non-conditioned room and (c) for
the conditioned room were recorded as 23.9, 28.2 and
28.2°C respectively, while the monthly average value of
the daily maximum temperature recorded is 40.7, 30.7
and 29°C. The recorded monthly average value of the
daily minimum and daily maximum relative humidity is
70.7,40.7 and 48% and 55.8, 54.3 and 57.4% respectively.
It is seen from Fig. 4 and Table 1 that during summer,
air from the room is cooled by about 1.5°C as it passes
through the earth-coupled heat exchanger tubes, and the
temperature of the non-conditioned room is about 1.5°C
higher than that of the conditioned room. Effectively this
means that air from the non-conditioned room is cooled
by about 30°C as it passes through the earth coupled heat
exchanger tubes.

From Fig. 5 and Table 2, it may be seen that relative

| Tablel
Daily minimum, average and maximum temperature in five selected points

Air temperature (°C)

Ambient Centre of kitchen (nonac)  Delivery opening Suction opening Centre of dining hall
Date Min  Ave  Max Min Ave Max Min  Ave  Max Min  Ave Max Min  Ave  Max
1 23.0 305 39.1 30.0 307 31.2 253 253 254 28.2 283 284 28.1 282 285
2 244 313 380 30,0 309 314 253 254 254 282 283 284 28.1 282 285
3 236  31.6 407 292 295 30.0 253 253 254 282 283 284 28.1 283 285
4 233 316 3938 292 294 297 253 254 255 282 283 284 28.1 283 285
5 231 320 399 29.3 297 312 254 255 256 28.2 284 2838 282 28.4 287
6 248 309 383 288  29.6  30.1 255 256 257 28.0 285 287 28.0 285 29.1
7 240 31.7 400 286 29.7  30.5 255 256  25.7 283 286 289 28.1 284 289
8 226 258 343 282 287 29.8 256 258 260 28.1 28.4 287 28.1 284 286
9 225 308 393 28.0 288  29.8 255 257 258 276 27.8 280 27.1 277 28.0
10 242 30.8 40.8 27.0 28.8 30.2 2585 25.7 25.9 27.4 27.6 27.8 27.4 27.8 28.1
11 22.8 314 410 283 289 292 255 255 256 27.4 216 217 27.6 279 283
12 225 320 415 28.1 29.3 30.2 255 257 259 275 277 283 278 281 285
13 23.0 321 418 284 300 324 256 263 270 28.1 284 286 282 284 286
14 24.7 327 428 28.0 303  32.8 256 262 270 283 284 287 276 283  28.7
15 25.2 324 417 29.1 30.0 311 25.3 26.7 271 28.2 28.5 28.9 28.3 28.6 28.9
16 249 325 406 29.1 30.0 31.4 264 268 272 282 28,6 287 282 286 288
17 4.1 32,1 416 29.2 300 30.9 26,7 2710 273 277 283 288 278 284 289
18 243 313 411 296  30.2 318 265 212 215 284 289 293 286 289  29.1
19 238 325 424 29.1 29.8 30.2 268 213 2717 28.7 289 29.0 289 29.0 29.1
20 246 332 427 29.1 30.0 304 269 273 216 28.7 289 292 288  29.0 29.2
21 225 339 442 264 29.2 30.2 27,1 2713 275 28.5 288 293 286 289 294
7] 24,1 338 439 269 29.7 311 269 215 2718 28,6 29.0 294 287 29.1 295
23 24.4 4.2 42.6 26.8 29.2 311 26.8 27.5 28.0 28.4 29.2 29.7 28.5 29.3 29.7
24 24.6 329 402 26.7  29.7 313 269 27.7 283 280 29.0 29.5 280 291 295
25 24.6 31.2 38.5 27.0 29.8 31.0 27.6 27.8 28.1 28.4 28.9 293 28.4 28.9 29.4
26 249 31.6 409 27.5 294 305 27,7 28.0 283 284 290 296 284 290 297
27 241 314 395 275 29.4  30.2 27,6  28.0 283 286 289 293 286 290 294
28 4.6 327 428 276 29.4 304 276 280 284 284 290 294 285 291 295
29 254 31.8 412 275 293 304 27.6 281 284 286 290 293 285 29.0 295
30 231 290 37.6 269  28.8 30.0 27.6  28.0 283 28.6  29.0 293 28.7 291 294
3 240 325 425 278 29.2 304 27,6 28.1 283 286 29.1 293 286 29.1 293

May 239 317 407 8.2 29.6 30.7 263 267 270 282 286 289 282 286  29.0

' —
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Table 2
Daily minimum, average and maximum relative humidity in five selected points

Relative humidity (%)

Ambient Centre of kitchen (nonac)  Delivery opening Suction opening Centre of dining hall
Date Min  Ave  Max Min Ave Max Min  Ave Max Min  Ave Max Min  Ave  Max
1 235 396 56.0 51.0 55.0  58.1 61.0 633 654 554 583 604 56.5 593 615
2 246 377 553 452 523 57.3 63.5 644 653 58.2  59.2 603 59.2  60.2  61.3
3 210 394 625 499 539 575 62.3 646 66.6 573 59.6  61.6 584 606  62.6
4 19.6 353 53.2 44.8 50.7 57.1 58.0 62.0 66.1 50.3 55.5 61.1 Sl 56.8 62.2
5 168 326  55.7 422 472 526 56.1 594  63.0 485 514 542 47.7 514 54
6 20.8 399 65.0 45.5 49.5 56.6 59.4 63.3 69.2 51.3 54.0 59.0 52.0 54.6 58.1
7 21.0 38.0 52.9 40.3 46.0 51.4 59.6 63.1 67.0 52.2 54.5 56.9 53.7 55.0 56.7
8 40.0 64.3 75.8 47.1 57.0 63.5 64.8 70.5 74.4 56.6 61.0 64.4 56.5 61.6 65.7
9 21.2 43.2 76.5 48.0 54.8 63.9 60.0 67.6 74.6 54.0 59.8 64.5 55.8 60.5 65.1
10 9.4 24.5 48.1 25.8 36.6 49.7 46.6 53.7 64.7 41.6 48.5 55.9 413 47.7 55.9
11 9.8 22.7 36.2 26.9 35.7 414 46.4 50.8 55.0 42.0 46.8 50.1 40.9 45.1 48.6
12 120 268 430 27.6 36,6 426 495 542 60.6 451 489  53.1 444 478 522
13 14.5 309 46.5 34.8 42.5 54.0 51.9 56.7 61.8 51.3 52.8 55.3 51.6 52.4 55.0
14 142 325 487 35.1 457 528 50.2  55.7 628 46.1 513 569 459 51,5  56.8
15 14.8 31.6 48.0 334 42.8 50.1 53.4 55.3 60.8 47.5 51.5 60.1 47.2 51.0 60.2
16 14.3 27.1 48.6 345 40.0 46.1 42.0 48.6 54.8 39.1 449 52.2 38.8 44.6 51.8
17 9.6 24.1 399 26.5 339 39.5 38.5 47.2 56.0 355 444 53.4 353 44.2 53.2
18 11.2 26.8 42,5 30.1 36.2 41.3 44.5 49.7 59.3 44.0 47.6 55.2 43.0 46.7 55.0
19 18.5 343 48.8 35.6 43.8 50.9 50.3 54.5 62.8 47.0 51.7 57.6 47.0 51.6 57.5
20 (0.3 331 556 362 457  56.8 40.8 536 669 39.0 495 620 390 495 618
21 13.8 25.6 420 34.2 39.0 44.4 43.2 46.2 54.2 39.1 422 45.8 389 42.] 45.7
22 16.1  29.1 437 29.1 41.1 49.1 452 480 524 440 455 479 440 453 4717
23 15.3 299 442 318 42.1 50.1 422 473 54.5 390 440 494 39.0 439 49.8
24 30.1 43.0 56.1 41.8 48.9 58.1 55.3 60.3 66.1 48.7 54.8 61.3 49.8 35.7 61.5
25 27.1 45.0 61.8 40.7 47.2 61.8 52.5 56.8 62.8 47.8 51.9 57.2 47.7 51.8 57.2
26 32.0 51.7 66.1 51.8 55.7 59.1 60.7 62.4 63.4 54.0 56.8 58.5 53.1 55.9 57.8
27 344 48.8 68.1 54.5 57.% 59.2 57.5 61.2 62.9 52.3 55.5 57.1 52.2 55.0 56.9
28 289 487 702 558  59.7 653 61.6 652 703 538 562 58.1 56.1 602  65.0
29 313 49.0  69.1 51.9 56.8  63.2 591 61.7  63.6 552 584 6238 53.7 563 583
30 37.0 568 744 56.0 59.8  63.2 60.6 635 68.7 552 584 6238 552 58.1 627
31 28.2 48.6 74.2 54.4 59.4 65.4 57.2 62.5 67.3 52.1 57.3 62.5 52.0 57.4 62.4
May 207 374 558 40.7 475 54.3 534 578 633 48.5 527 573 48.6 527 574
Table 3

Daily minimum, average and maximum humidity ratio in five selected points

Humidity ratio

Ambient Centre of kitchen (nonac)  Delivery opening Suction opening Centre of dining hall

Date Min  Ave  Mux Min  Ave Max Min  Ave  Max Min  Ave  Mux Min  Ave  Max
1 9.3 10.3 12.4 14.4 15.1 15.8 12.4 12.8 13.2 13.3 14.0 14.5 13.7 14.1 14.6

2 9.3 10.3 11.2 12.8 14.4 15.3 12.8 13.0 13.2 13.9 14.2 14.5 14.1 14.4 14.6

3 9.0 10.7 13.1 12.8 13.9 15.1 126  13.1 13.4 138 143 1438 142 145 150

4 8.4 9.5 103 114 2.9 14.5 1.7 126 133 2.1 133 146 124 136 1438

5 7.5 8.8 10.1 11.0 12.2 13.5 1.4 121 12.8 1.7 124 (3.0 L7 124 129

6 86 103 128 12.0 12.7 14.0 122 13.0 141 12.1 13.1 14.3 123 132 143

7 94 104 120 0.8 11.9 13.0 123 13.0 138 126 132 140 127 133 137

8 11.0 132 146 11.7 14.0 15.3 134 146 155 137 147 154 13.7 148 158

9 8.0 112 141 IS 135 154 124 139 153 127139 52 126 140 (54

10 4.2 5.9 9.1 6.5 8.9 11.7 9.7 11.0 133 9.6 Il.1 12.9 9.6 11.0 127
11 4.5 5.8 7.1 6.6 8.8 9.9 9.4 103 1.2 96 107 IL5 94 105 116

12 5.8 7.0 8.9 7.3 9.2 11.3 10.2 1.1 12.6 10.4 11.3 12.7 10.5 11.3 12.6
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Table 3
Continued
Humidity ratio
Ambient Centreofkitchen(nonac)  Delivery opening Suction opening Centre of dining hall
Date Min  Ave  Max Min Ave Max Min  Ave Max Min  Ave Max Min  Ave Max
13 7.1 8.4 9.3 9.6 11 13.0 1.5 12.1 12.9 123 127 13.1 124 126 132
14 7.2 9.2 12.9 9.9 12.2 14.7 11.0 11.8 13.4 11.1 12.4 13.7 11.] 12.3 13.6
15 6.9 8.8 10.8 9.1 11.3 13.1 1.9 121 12.4 1.7 125 14.4 11.6 124 144
16 6.4 7.5 9.5 9.3 10.5 11.8 9.3 106 119 9.5 10.9 12.4 9.4 108 123
17 4.7 6.4 8.0 7.3 8.8 10.0 8.6 104 12.3 8.6 10.6 12.6 8.6 106 12.7
18 5.3 6.9 8.0 8.1 9.5 10.6 10.1 11.1 12.8 11.1 1.7 134 10.7 11.5 13.5
19 7.8 100 155 9.4 11.4 13.3 1.5 123 14.4 1.7 1238 14.4 1.7 129 144
20 4.7 9.7 14.4 9.5 12.0 14.5 9.1 12.1 14.8 9.6 12.3 15.2 9.7 12.3 15.3
21 6.9 7.7 8.8 8.3 9.8 1.5 9.7 104 2.1 9.6 10.4 11.4 9.6 104 114
22 6.7 8.9 10.5 7.9 10.5 12.4 10.3 10.9 11.6 114l 11.3 11.6 11.0 11.3 11.7
23 7.3 93 116 8.8 10.5 11.3 9.8 10.8 12.2 10.1 1.0 12.1 10.1 11.1 12.1
24 10.8 13.1 15.5 1.1 12.6 14.1 126 14.0 15.4 12.5 13.7 14.6 127 140 15.1
25 10.2 122 146 11.2 12.2 13.7 12.3 13.2 14.6 12.1 12.8 13.8 12.1 128 138
26 12.8 144 163 13.5 14.2 15.3 146 14.7 14.9 13.8 142 147 134 140 145
27 11.5 13.5 15.8 13.5 14.6 15.3 13.8 14.4 14.8 13.2 13.8 14.1 13.2 13.7 14.1
28 11.7 144 17.8 13.7 15.3 16.9 14.6 15.5 16.8 13.2 14.0 14.3 14.1 15.1 16.5
29 11.7 13.8 154 13.7 14.4 15.3 13.8 146 15.0 13.6 146 155 13.2  14.1 14.4
30 11.1 13.7 15.4 13.4 148 16.1 14.0 15.0 16.1 13.6 14.6 15.5 13.6 14.5 15.4
31 12.1 13.9 15.7 14.2 15.0 15.8 13.6 14.8 15.7 13.2 14.3 153 13.2 14.4 153
May 8.3 102 123 10.7 12.2 13.7 11.7 12.6 13.7 11.8 12.8 13.9 1t.9 128 139
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Fig. 6. Performance of recirculation type airpipe system. Variation of humidity ratio with time.
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Table 4
Daily cooling potential of the system in summer 1997

Period Daily cooling potential (KWh)
1/5/1997 3354
2;5/1997 341.2
3/5/1997 260.5
4/5/1997 249.4
5,5/1997 265.2
6/5/1997 246.7
7/5/1997 250.7
8,5/1997 182.8
9,5/1997 195.1

10,5/1997 189.6

11/5/1997 205.9

12/5/1997 223.0

13;5/1997 228.9

14/5/1997 255.2

15/5/1997 205.5

16/5/1997 196.4

17/5/1997 185.9

18/5)1997 182.8

19;5/1997 153.2

20;5/1997 166.0

21/5/1997 118.5

22/5/1997 1359

23/5/1997 107.6

24/5/1997 123.8

25/5/1997 118.1

26/5/1997 84.3

27/5/1997 86.3

28/5/1997 85.9

29/5/1997 79.6

30/5/1997 494

31/5,1997 71.4

Total 5580.6

humidity inside the non-conditioned room for most of
the day (except one or two hours during the night)
remains higher than the ambient (on average about 10%).
The relative humidity of the conditioned space is found
1o be always higher (about 5% on average) than that
observed in the non-conditioned room. While relative

humidity of the air measured at the outlet of the delivery
duct was found to be higher than the conditioned room
(about 5% on average).

To investigate the addition of any moisture in the heat
exchanger tubes. the humidity ratio at five locations was
also calculated and is plotted in Fig. 6. The corresponding
daily maximum. daily minimum and daily average values
for all 31 days are also given in Table 3. It may be
observed from Fig. 6 and Table 3 that moisture is added
to the air as it is circulated through the earth-coupled
heat exchanger tubes. It may also be seen that to the
water vapour of 10.2 g/kg in the ambient, 2 g/kg is added
in the non-conditioned room and 0.4 g/kg is added in the
earth-coupled heat exchanger tubes.

The cooling potential () of the earth coupled heat
exchanger tubes can be estimated from the relation:

Q = 8‘["1 N Cp ¢ (Tnac - Tdclivcry) +dr

where i1 = mass flow rate of air in each of the eight
delivery pipes, C, = Specific heat of air; T,,. = non air
conditioned room temperature, Tygiey = temperature of
conditioned delivery air, dr = time interval.

The calculated value of @ for each day of the month is
given in Table 4. [t may be observed [rom the Table that
during the month of May. the maximum cooling potential
of the system is 341 KWh (thermal) and its monthly
average value is about 180 KWh (thermal). As the air
was forced through the system by the 3 HP blower the
Cooling Potential (COP) of the system will come out at
about 3.35 only.
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