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PREFACE

lnternational Energy Agency

ln order to strengthen cooperation in the vital area of energy policy, an Agreement on an lnternational Energy
Program was formulated among a number of industrialised countries in November 1974. The lnternational
Energy Agency (lEAl was established as an autonomous body within the Organisation for Economic Cooperation
and Development (OECD) to administer that agreement. Twenty-one countries are currently members of the
lEA, with the Commission of the European Communities participating under a special arrangement.

As one element of the lnternational Energy Program, the Participants undertake cooperative actívities in energy
research, development, and demonstration. A number of new and improved energy technologies wfiich have the
potential of making significant contributions to our energy needs were identified for collaborative efforts. The
IEA Committee on Energy Research and Development (CRD), assisted by a small Secretariat staff, coordinates
the energy research, development, and demonstration programme.

Energy Conservation in Buildings and Community Systems

The lnternatÍonal Energy Agency sponsors research and development in a number of areas related to energy. ln
one of these areas, energy conservation in buildings, the IEA is sponsoring various exercises to predict more
accurately the energy use of buildings, including comparison of existing computer programmes, building
monitoring, comparison of calculation methods, etc. The difference and similarities among these comparisons
have told us much about the state of the art in building analysis and have led to further IEA sponsored research.

Annex V Air lnfiltration Centre

The IEA Executive Committee (Buildings and Community Systems) has highlighted areas where the level of
knowledge is unsatisfactory and there was unanimous agreement that infiltration was the area about which least
was known. An infiltration group was formed drawing experts from most progressive countries, their long term
aim to encourage joint international research and to increase the world pool of knowledge on infiltration and
ventilation. Much valuable but sporadic and uncoordinated research was already taking place and after some
initial ground-work the experts group recommended to their executive the formation of an Air lnfiltration
Centre. This recommendation was accepted and proposals for its establishment were invited internationally.

The aims of the Centre are the standardisation of techniques. the validation of models, the catalogue and transfer
of information, and the encouragement of research. lt is intended to be a review body for current world research,
to ensure full dissemination of this research and based on a knowledge of work already done to give direction and
a firm basis for future research, in the Participating Countries.

The Participants in this task are Canada, Denmark, ltaly, Netherlands, Sweden, Switzerland, United Kingdom and
the United States.

(ii ) (iii)



INTRODUCTION

The Air lnfiltration Centre's database, AIRBASE, contains full bibliographic details and concise, informative
abstracts in English of published papers covering air infiltration in buildings and related subjects.

The main content relates to the prediction, measurement and reduction of air infiltration and leakage rates in
buildings. However, AIRBASE also includes abstracts of papers on indoor pollutants and air quality, natural and

mechanical ventilation, the character of wind and its influence on buildings, wind tunnel studies and energy-

saving measures such as the use of air-to-air heat exchangers. The coverage of these related subjects is not, as yet,
comprehensive but it is growing rapidly, especially in the area of air quality.

AIRBASE can be searched by a free-text retrieval system, restricted to language or date of publication if
necessary, to find papers on a particular subject. ln addition, the Ali will provide photocopies of particular
papers, subject to the usual photocopy restrictions.

AIRBASE became fully operational in July 1980, when it contained 567 entries. This figure has now grownto
875 and is increasing at the rate of more than 20 articles a month. Abstracts of these articles are produced in a

bi-monthly bulletin'Recent Additions to AIRBASE', which is circulated to organisations in participating

countries. This growth in AIRBASE reflects the rapid expansion in literature relating to air infiltration; Table 1

(displaying the number of references in ATRBASE by year of publications) shows that three quarters of the
relevant literature has been published in the last 10 years.

Table 2 analyses the entries in AIRBASE by language. Thís includes references to translations as well as the
original language of publication. References to translations held by AIC are added to the bibliographic details of
the original papers.

This report consists of a subject analysis oÍ AIRBASE in two parts. The analysis itself is presented in Section 1 in

tabular form. References are made from each subject to the index numbers of related articles. Section 2 consists

of a numerical listing of author, title and bibliographic details of all articles. Section 1 can thus be used as an

index to Section 2.

(ivl (vl
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TABLE 1 _ REFERENCES IN Á/RBÁSE BY DATE OF ORIGINAL PUBLICATION

TABLE 2 _ LANGUAGES COVERED BY AIBBASE SECTION 1 - Subject lndex

Before 1930

1930 - 1939

1940 - 1949

1950 - 1959

1960 - 1964

1965 - 1969

1970 - 1974

1975 - 1979

1980 - 1981

TOTAL

No. of references

11

12

7

29

42

53

120

395

I

I

I

í

95

515

206

875

Czech

Danish

Dutch

English

Finnish

Flemish

French

German

Hungarian

Japanese

Norwegian

Polish

Russian

Spanish

Swedish

No. of references

3

13

21

670

I
1

16

58

2

I
I
3

I
1

79

(vi)



SUBJECT INDEX

1. Tracer Gases

Tracer gas techniques in general

Radio-active gases in general.

Particular gases:

Ar Argon.

CHa Methane.

CrHU Ethane.

CO Carbon monoxide.

COZ Carbon dioxide.

H Hydrogen.

HZO Water vapour

He Helium.

Kr Krypton.

NZO Nitrous oxide

Ammonia.

Oxygen.

Sulphur Hexafluoride.

NHg

o2

sFe

Compounds:

organic vapours.

coal gas.

chlorothene.

freon.

Aerosols.

Candle.

5, 10, 66, 89, 104, 372, 400, 418, 546, 611, 614,
646, 7 12, 7 1 4, 750, 7 60, 796, 812.

1 6, 106, 157, 178, 250, 252, 360, 370, 396, 476,
546, 547, 550, 635, 706, 763.

91, 1 1 0, 137, 139, 149, 192, 193, 220, 315, 317,
620,764.

109, 134, 144, 179, 180, 518, 658, 702.

62, 73, 77 , 95, 107 , 116, 151 , 164, 168, 202, 232,
244, 250, 251, 260, 262, 331, U2, 47 6, 550, 585,
586, 612, 660, 664, 721,749,763.

9, 41, 82, 102, 143, 148, 169, 197, 200, 209, 224,
227, 247, 264, 272, 283, 2U, 288, 292, 321, 339,
358, 398, 435, 509, 526,551,556,574,653, 695,
713,768.

3,179,434

62, 107 ,1 1 6, 550.

170.

355.

345.

267.

358,558.

141, 225,392, 396-

94.

109.

27,353.

70,444.

90,123,135, 453.

62,150,173,326.

148.

1.1



g, 41, 62,77, 89,91, 106, 107, 110, 116, 134'
137 , 139, 143, 149, 169, 192, 193,227 ,232,245,
25Ot, 251, 260, 262, 267, 288, 3 1 5, 326. 345, 353,

372,2s8, 444, 476,550, 61 2, 646, 660, 695' 706,

713,763,764.

16, 148, 151, 220, 342, 345, 370, 509, 558.

90, 94, 1 35, 339, 453, 526, 768.

16, 82, 168, 224, 435, il1, 664.

16,345,545.

545.

170.

144.

721.

180.

702.

16,82,224,435.

79,'t57,225.

Residential buildings:

single family dwelling {house).

flat (apartment building)

mobile home.

Commercial buildings:

office building.

university.

library.

factory.

animal house.

school.

stables.

hospital.

High rise buildings.

Models.

SUBJECT INDEX

2.Tracer Gas Measurements by Type of Building

SUBJECT INDEX

3. Pressure Tests of Leakage of Components

i

Windows.

Doors.

Walls.

Joints.

68, 93, 101, 113, 115, 119, 122, 155, 162, 166,
171, 172, 174, 177 , 178, 183, 189,203,204,205,
206, 210, 21 2, 218, 230, 282, 285, 286, 287, 320,
342,344,348, 365, 366, 37 1, 403, 404, 413, 416,
427 , 436,438, 458, 473,546,550, 568, 585, 598,
646,671, 688. 795.

119, 173,410, 568, 598, 61 3, 646

86, 98, 114, 142, 166, 177 , 186,2't1 ,213,286,
299, 306, 31 1, 508, 549, 556, 568, 597, 600, 603,
613,646.

152, 166, 1 96, 256, 289, 291 , 306, 367, 550, 600,
603, 61 3.

1.2 1.3



40, 42,70,77 ,91 ,92, 110, 175, 185,221 ,222,
245, 260, 263, 288, 320, 398, 417, 418, 419, 421,

424,425,426,461. 508, 562, 569, 590, 612,618,
624, 627, 646, 672, 700, 706, 7 13, 7 18' 7 41, 763,
783,791,831,871.

70,77 ,91, 110, 164,260,288,320,339, 398, 50

509, 526, 562, 585, 612, 646,660, 706, 713'796'

20, 428, 459, 463, 479, 500, 501.

42, 164, 1 75, 1 85, 237, 244, 264, 311, 418, 450,

508, 610, 871.

102, 169, 185, 216, 244, 264, 270, 277' 281, 288,

322, 339, 375, 458, 552, 577, 627, 646, 725' 791,

842.

25, 40, 41, 56,78, 92, 116, 175,263, 31 1, 339,

372,476,490, 509, 550, 569, 646, 650, 700,718'
766,871.

509,627,819.

339,526,768.

78,585.

727.

Reports of test in buildings by type of building

single family dwelling (house).

flat.

mobile home.

school, universitY.

supermarket.

Tests using both tracer gas and pressurization in

a single building.

A/C testing.

Description of instruments and measurement

techniques.

Thermography.

Measurement of the distribution of leakage paths

in a building.

SUBJECT INDEX

4. Pressure Tests of Leakage of Buildings

SUBJECT INDEX

5. Surface Pressures on Buildings

Low rise buildings:

house.

hospital.

flat.

school.

glasshouse.

office building.

experimental building.

Comparison of full scale and wind tunnel tests on
models.

Wind tunnel tests on models.

Wind tunnel tests on the effect of shielding
structures on wind pressure.

Other model tests of wind pressure (not wind
tunnel ).

Full scale measurements:

High rise buildings. 51, 53, 99, 125, 133, 1 54, 158, 217, 226, 228,
229,231,294,295,323,357 ,386, 394, 395, 497 ,
519.

1 32, 190, 307, 313, 414, 836.

219.

15,220.

305.

587,644,837.

449.

499.

53, 99, 132, 133, 136, 146, 154, 158, 190, 219,
220, 228, 307, 323, 394, 499, 565, 772, 77 3, 821

120, 161 , 167, 198,269,302,335, 363, 373,376,
384, 389, 393, 439, 441, 446, 447, 448, 477, 480,
482, 497, 617, 619, 645, 677, 684, 685, 692, 730,
77 4, 776, 777, 822, 823, 824.

72, 126, 165, 241, 332. 354, 363, 376, 439, 441,
482,560,686.

318,445, 446,776

1.4
1.5
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SUBJECT INDEX SUBJECT INDEX

6. Theoretical Models 7. Reduction of Heat Losses

15, 29, 30, 32,33, 59, 75, 105, 130, 157. 159,

238, 246, 248, 257, 269, 297, 338, 429, 505, 570,

57 1 ,578,649, 651 , 660, 788, 789, 81 0, 838,872.

70,465, 478,515,572.

1 4, 24, 26, 58, "l 10, 121, 239, 240, 303, 31 6, 31 9,

346, 347, 349, 464, 474, 478, 483, 514, 520, 548'

14,26,30, 70, 110, 130, 140,157,214,238,240,
251 ,257 ,269, 381 , 405,465,572,578,609, 659,
660.

70, 78,91, 1 10, 260, 297, 305, 457, 478, 562,
608, 609, 788, 81 0.

37, 121, 124, 140, 145, 176, 194, 215, 305, 308,
589.

4, 8, 9,85, 145, 269, 651.

2, 4, 6, 21, 32, 35, 60, 64, 250, 383, 484, 543.
628,569.

215,246,271.

314,411.

369.

469.

23, 52, 61, 7 2, 354, 409, 47 1, 573, 615.

1 84, 31 9, 337 , 416, 454,513,573, 622,623, 650,

668,724,751.

55, 165, 295, 324, 364, 391.

153, 156,576,710,711.

661.

681, 709.

699, 701.

General models of air infiltration and airflow

Comparison of calculated and measured results

Models using pressurization data.

Modell ing stack effect.

lnteraction of stack effect and wind pressure

Flow through cracks and oPenings.

Effect of mechanical ventilation.

Transient pressures in buildings.

Moisture.

Pollution

Modelling the effect of wind on ventilation.

Air flow in buildings.

Wind pressures on buildings.

Flow through open doors.

Wind speed.

Modelling thermal Performance.

Factors for modelling natural ventilation.

Single cell models

Multi cell models.

Shelterbelts and wind breaks.

Retrofitting in general

Weatherstripping.

Sealing and caulking joints

Vapour barrier

Wind baffles.

Ventilated windows.

69, 103, 127, 169, 191, 221, 254, 293, 298, 398,
402. 413, 430, 458,564,577,584,641,643, 669,
67 6, 682, 703, 736, 7 43, 756, 759, 81 o, 820, 8ri5,
858.

u, 103, 122, 155, 203, 210, 212, 253, 254, 286,
287, 312, 320, 340, 342, 398, 407, 564, 584, 585,
676, 703, 7R, 764, 790, 792.

92,103,166, 196, 206,213,298, 306, 340,342,
378, 379, 380, 431, 467, 603, 613, 641, 649, 657,
703,704,707 ,743,753.

147, 160,186, 235, 300, 343, 442,451,461,466,
496, 567, 584, 600, 641, 743, 752, 828.

123, 187 ,265,266,296, 301, 397 ,488,498, 504,
560,575,595.

561

853.

1.6 1.7



Calculating heat loss from buildings.

Proportion of heat loss due to air infiltration

Energy savings from reduction of air infiltration.

Measurements of the energy consumption of
buildings.

Reduction of energy consumption in general.

Reduction of energy consumption - mechanical
ventilation.

Energy necessary to humidify dwellings.

Modell ing energy consumption.

Energy losses due to wind.

8, 11, 12, 16, 17 ,31 , 46, 47 , 48,50, 65, 112, 128,
148, 161, 176, 182, 255, 278, 308, 326, 368, 372,
401, 464, 485, 525, ilg, 57 0, 628, 7 65, 7 66.

7 , 19 , 24, 47 , 74, 76, 87 , 181 , 222, 258, 262, 304 ,

334, 456, 462,541,592,624,642,687 ,695, 706,
731,787 ,873.

87, 148, 160, 254, 262, 274, 334, 408, 420, 592.
649,703,742,856,861.

15, 1 1 8, 143, 221, 236, 254, 333, 339, 408. 410,
456,489,495, 555, 666, 708, 744,755,762,767,
788, 850, 861.

6, 1 18, 290, 390, 664, 676,737,830,845, 863,

868, 874, 875.

22, 108,621 , 639, 797 ,864,870.

34.

728,810,833.

111 ,793.

SUBJECT INDEX SUBJECT INDEX

9. Pollution, Air Quality and lndoor Climate8. Energy and Buildings

Measurements of ventilation rate and air quality in
buildings.

Relationship between indoor and outdoor
pollution.

Reduction of air pollution.

Standards.

Specific pollutants:

carbon monoxide.

carbon dioxide.

formaldehyde.

oxides of nitrogen.

odours.

particulates.

tobacco smoke.

toxic gases.

organic compounds.

Radon:

radioactivity in buildings in general

measurement of radon in buildings and
materials.

methods for the reduction of radon
concentrations.

Measurement of indoor climate.

Health risks from air pollution.

Human comfort in buildings.

Minimum ventilation needs 13, 36, 57,88,233,261,262,330,399, 415, 470,
616,698,744.

42, 68, 69, 71, 80, 81, 96, 147, 181, 359, 475,
495,522,527,529,535, 543, 579, 604, 607,628,
647, 648, 655, 67 2, 67 3, 679, 702, 7 1 6, 7 22, 726,
7 V+, 735, 744, 782, 785, 786, 806, 81 3, 835, 843,
854,855.

440,469,503, 535, 559, 579, 722,738,798,814,
818.

80, 147,359, 460, 502, 593, 656,729,815, 841

129, 207, 487, 735, 739, 746, 805, 81 1, 841

336, 356, 580, 655, 7 16,722,738, 835.

13, 82,83, 336, 359, 545, 647, 655, 679, 698,
716,722,738, 806, 829.

280,327 ,468, 51 2,579,593, 648, 726,735,738,
761, 803, 81 5.

356, 580, 722, 738, 754, 835, 860.

B: 2ss,3s9, 607, 698, 722, B2g.

359, 491,726,848.

242, 494, 517, 602, 698, 738.

202.

805,848.

7 1, 96, 268, 273, 510, 532, 536, 537, 632, 654,
733, 81 8.

69, 232, 280, 351, 352, 492, 507, 523, 528, 530,
531, 539, 540, 588, 594, 604,626, 629,633, 634,
636, 638, 640, 648, 678,726,740,748,758,775,
81 5.

96,452,493, 506, 521,528,538, 640, 658, 698,
769, 807, 851.

757, 758, 809, 815, 841, 860

721 ,736,809.

825, 865.

1.8 1.9



13, 18, 34, 49, 80, 261, 369, 591

143,267 ,506, 558, 674.

42,569.

il,144.

249,344,362, 648, 663, 694.

235, 300, 377 , 442, 451 , 466,600, 849

63, 461.

218,467.

378.

80, 51 1, 591, 652, 680, 694.

138,195.

1,39,223.

675, 696.

715.

Necessary levels of humidity and ventilation needs

Measurements of air infiltration and humidity.

Pressurization test and humidity.

Estimation of air change rate by measuring

humidity.

Condensation problêms:

general.

roof/attic.

walls.

windows.

joints.

Methods for reducing humidity.

Modell ing moisture f low.

Correlation of window opening and humidity.

Modelling aspects of condensation.

Effects of moisture.

SUBJECT INDEX

10. Moisture and HumiditY

1.10

SUBJECT INDEX

11. Occupancy Effects

Frequency of opening windows.

Effect on energy consumption.

Opening doors.

Effect of open windows on ventilation.

1, 15, 39, 131, 220, 223, 261, 541, 625.

6,81 , 221, 236,274, 625.

9,220,275.

151,817.

1.11



66, 73, 150, 179, 197, 244, 247, 272, 283, 317,

szl, qls, qzz, st9,522,574,586, 61 1,620,712,
750, 760.

95, 102, 209, 284, 292, 566, 61 2' 653.

44, 92, 164, 175, 185, 237, 244, 263, 31 1, 41 8,

450, 463, 508, 522, 585, 61 0, 71 2.

97, 188, 231,294,310, 313, 386, 443, 449' 606,

644,745.

1 58, 201, 276, 295,382, 386, 388, 393, 455, 472,

+at, sss, 594,542,551, 553, 689, 719, 772, 776'

516,524,532,594,596, 630, 631, 635, 723,740'

44.

258, 581.

662, 697 ,787 ,826,832, 839' 866.

778.

816.

208, 659, 683, 690.

277.

225,392.

432.

Tracer gas method (automatic systems)

Pressurization methods.

Measurement of wind Pressure.

Techniques for wind tunnel measurements

Acoustic detection of air leakage.

ThermographY.

Probe for ventilation rate in models

Window probe (for air flow).

Measurement of radon'

Temperature Probe.

Mobile laboratorY.

Measurement of air flow'

Spires (for wind simulation).

Manometer.

Tracer gas methods (general)

SUBJECT INDEX

12. lnstrumentation and Measurement Techniques

SUBJECT INDEX

13. Miscellaneous

Heat exchangers

Heat pumps.

Air curtains.

Ageing effects on leakage.

Turbulence:

turbulent wind pressure.

properties of wind.

effect of turbulence on air infiltration

Passive solar house.

Standards.

Climate data.

Heat storage.

Tight houses.

Review of natural ventilation.

Factors affecting air inf iltration.

Air infiltration bibliography.

Stack effect.

Review of air infiltration.

343, 460, 496, 507, 51 1, 563, 582, 593, 601, 691,
705, 720, 7 47, 779, 780, 781, 784, 794, 799, 800,
801, 802, 808, 847, 859.

80, 591, 599, 652, 665, 784

11, 45,309, 862.

84,253, g12" 458,4g5.

53, 389, 393, 395, 445,47.2, 477 ,480,497.

72, 217, 243, 329, 37 4, 385, 391, 827 .

43,79,234,605.

147,343,554,563.

129, U8, 365, 366, 367, 368, 438, 487 , 667 , 670,
717 ,732,834.

844,857.

846.

544,852.

341, 583, 867.

67 , 100, 117,316,325, 406,423.

328,522,583.

140,163.350, 361.

199.
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References from AIRBASE

References
Jigs,9 refs. DATE 01 09 1978 in German BSRIA j. AIC
Translation no.l0 in English

001 Ventilation : a behavioural approach Brundrett G.W.
Int. J. Energy Res. vol.l no.4 p.289-298. 8 JiSs, tabs, 1 I refs.
Int. C.I.B. Symposium on Energy Conservation in the Built
Environment, Garston 6-8 April 1976. DAT-E 06 04 1976 in
English AIC 236

012 InÍiltration heat loss of buildings taking account of
wind and stack effects. Der Luftungswarmebedarf von
Gebauden unter Wind und Auftriebseinflussen. Esdorn H.
Brinkmann W. Gesundh. Ing. April 1978, 99, (4), 8j -105, 1 s
Jigs,8 tabs,66 refs. DATE 0l 04 1978 in German AIC 187

002 Computer calculation of crack permeability
coefficients and pressure exponents for cracks in structural
components. Zur rechnerischen entwicklung von
fugendurchlass koefrizienten und druckexponenten fur
bauteilfuegen Esdorn, H. Rheinlander,J. Heiz Luft
Haustech March 1978 29(3) 101-108, 13ligs, I tab,23 refs
DATE 01 03 1978 in German

013 Intermittent ventilation of domestic premises from the
energy aspect. Die Stosslufting von Wohnraumen aus
energetischer Sicht. Wiedenhoff R. Í1e2. Luft. Haustech.
December 1977, 28, (12),439-444,3Jigs, 13 refs. DATE 0I
12 1977 in GermanBSRIA j.

003 Studying air exchange in premises using radioactive
tracers Iznchenie vozdukhoobmena v pomescheniyakh
metodom radioaktivnykh indikatorov Gusev A.A.
Kylatchanov A.P. Vodos. Sanit. Tekhn. June 1978 67, (6),
13-18, 5 Jigs, 2 tabs, I I refs. DATE 0I 06 1978 in Russian
AIC Translation no.I6 in English

014 Calculation method for the natural ventilation of
buildings. De Gids W.F. Verwarm. Vent. July I 9ZB, 3 5, (7),
551-564,13Jigs,2 tabs,7 refs. Pub.632 TNO Research
Institutefor Environmental Hygiene, Delft DATE 0t 07 IgZB
in English AIC 29

004 Wind, temperature and natural ventilation - theoretical
considerations. Sinden F.W. Energy Bldgs.April 1978,1.
(3), 275-280,9figs, 3 refs. Princeton University Twln rivers
Project, Note 5 March 1976 DATE 01 04 1978 in English
BSRrA j.

015 Investigation ofthe relationship between the natural
ventilation of a flat and meteorological conditions. De Gids
W.F. et. al. Pub.620. TNO Research Institutefor
Environmental Hygiene, Delft. 1977,6 refs. DATE 01 01
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