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Influence of residential building air tightness on
energy consumption

By Feng Xiaohang*, Yan Da, Peng Chen and Jiang Yi

Abstract Briefly presents the relevant standards, current research status and energy saving measures of
residential building air tightness at home and abroad. Considering the needs of human health and energy
saving, establishes the air tightness model and ventilation model of residential buildings. Analyses the
energy consumption of heating and air conditioning system under different air tightness levels, different
ventilation modes and different climate areas. Puts forward optimal air tightness and ventilation mode.

Keywords  building air tightness, ventilation mode, energy consumption of heating and air

conditioning system, energy saving, residential building

% Tsinghua University., Beijing. China

0 o s
. Wargocki s
o b
’ ’ ’ ’ (SiCk
o building syndrome, SBS) N
s , N 0.5h'
o ’ 1, Oie 172
25% ~
’
50 %, Caffey 40%
b b
L2 5P€I‘Si1y 33%“ ° ( 0.5 h*l)
b b b
[6]
23%, 29%M, , J——
’
b o ’
b
b
b
e , 51989 6 s
100084 201
* ( :51078376) * (010) 62789761
” — ( : E-mail: fengxh12@mails. tsinghua. edu. cn

2012BAJ12B03) :2013-04-07



HVEAC 2014

44 2

50 Pa

9

R 1
(ACH30) /h!
° 6
s 3.6
’ : 1) ) 1.8~3.6
2.8
b
1
32) , , [9 1.0~3.0
o 2) . 50
b
° ’ o
2
[8]
s 2
] /(m®/(m?® » h))
10
’ 9
9
1.5
i) o 50 Pa o
8
’ ACHS() ° ’ 10 Pa
1 q q>
[8] [10] 3
3
1 2 3 5 6 7 8
L0m/(me > 35w /(meh)> 3.0m/(meh)> 25w /(meh> 2.0m’/(meh> Lim/(m+h> 10m*/(mh> ¢<0.5
q @>35m?/(meh) ¢ >3.0m*/(meh) ¢ >2.5m*/(meh) ¢>2.0m*/(meh) ¢ >L5m/(meh) ¢>1.0m*/(meh) ¢>0.5m®/(meh) m?/(meh)
Rod/(m* e h> 105m*/(m* > 9.0m®/(m’h> 750w’/ (m®h> 6.0m’/(m* h> 45m/(m®h> 3.0m’/(m* h> @<l
@ @>105m/(m® +h) 2>9.0m®/(m® +h) >7.5m/(m® +h) >6.0m®/(m®> +h) ¢ >45m*/(m* +h) ¢>3.0m*/(m® +h) @>1.5m®/(m”> *h) m*/(m? + h)
, 5.97 m*/(m* « h),
R , 17.46 m*/(m® « h),97.9%
,0.5 h™! L1A2006
[7.11
o s ,
0.5 h*', 1 N N N
hothzul ACH Bl Ryynanen 1997 22
50 Pa ACH., (18 9 )
ACH 3 ,
ACH = 2¢Hw (D ‘ L .
n ACH;, 4.5h"', 2.8 h7",
n ) ) , Ll Jokisalo
n=17, 170
[15] ( ) , ACH;,, 3.7h"',
’ ’ 6] H
0.24 h', 0.98 h'', Kalamees 20032005 32
(D ACH;, , 4.08h™' 16.66 h'', s .
Pan 287 2006 . ,

4.2 m*/(m* « h),



2014(2) , /
4,9 h 107 , . 0.17~
, , 0.26 h™! 0.02~0.05h™ ", 40%
; 25% sl
12 rzﬂo
Tommerup ,
[18] ,
“91: 90
9 ’ ° kW ° h/(mz ° 3)9
1~8 1 , 42 kW « h/(m? » )%,
4.5 m*/(m +* h); VTT
1) 40%; 4 1)
) 60% ~70% :
, 80% . ,
o (261 Simonson
Jokisalo y
7A(:H50 ’ ’
4%’\’12%9 7%9 ’ 70%750% 0 ’
2%~T%, 4% Wall 0.1 h!, 2.7,
, 4.5,9.2 kW « h/(m* »a); 0.5 h!
N N 1) 10% ’ 3 3 kW .
, 0.2 h! .1 h/(m?* « a) il ,
h™' 28. 7%; 0.1 h™! s s
0.05h™ " 19. 5%, e
23%7 b
ol [21] . . .
[22] .
1h™! 0.1h7", , s
2 5 , , o
7%, 15%,
, 2.1

» Emmerich



44

2014

HVEAC

D)

~
N

@@@@@@@@

3)

0. 31,

4)

/h™1 1,00 0.87 0.74 0.62 0.50 0.37 0.25 0.12

T
<
Lo
=)

=

R

Br

ke

| &

3 i

Bl B

= =

B i

=4 m

] :

@ @

L=

& ® ~

{

2.2

COP

[29]



2014(2) , )
5 2)
1~5 28 OC ’ ’
1~5
6N . b o
, 15.2
6~8 kW « h/m? ,
1~5 ,
. 1.6 kW « h/m’. 10.5%.
6~ . 4 . ’
6~8 s
1 °
1 B{J_
28 . %
28 2
! s
1 =
2~8 , =
2~8
N N 4
4
, 3)
1) ’ ’ °
b b 1 hil ’
25 C 1 1h™,
b b ° 5 ’
b b 2
3 , , 24.1 kW « h 8.5 kW « h,
0
) 1 64.7%,
5 ) m2 30.5 kW « h T ;g 35.5
. 39.4%, . L ®
=35
, 18 °C, —10 C , & 20 19.9
# 15
30 C, 5°C E w0
o
) ) # o
CERUED [C R
o w i = A
5
4)
1h! , ,
o 10
DC b o ’ 6 ’

17.4 kW » h/m?,

49.3 kW « h/m?



10 HVAC 2014 44 2
%60 s 50 L 56 aics
= 50 : a0 g 80 373 392 a5 .o,
40 % 30
ﬁg = ﬁzu
X 20 17,4 =
: [
= 10 5
2, =12 3 4 5 & 71 8
T—gz;qﬂ: wHHAFF T
o (RHERRFEITE w S URREREATIE o UBLIEFE (002 2 R
6
8
’ ’ 40 38.0 37.3
335 35.56 36.6 358 35.0 341 a1
’ ’ T 30
-
s . 22
& 20
s H ﬁ 15
= 10
o i 5
3.2 0=y 2 3 4 5 6 1 8
A
. s EERAEFEST I w o R EREITI  « BUHLRERE (005 U8 B i)
5 , 0.5h™", 9
6 , 0.37h™ "', __60
,}50 493 B6L6 BL5 5L4 5.3 511 50.9 50.6
. b .
z40
’ w30
1 ° %20
=
. 1 = 10
L
—1 =g A 8
hts 2 it
= HEFEAT AL« BUBLERFE (1005 1 B ftaR)
o b
7~10 . . 4 10
( b b o
) ( 2)
) . R 5
o b
8 , 5) ,
5 s
o b
. o
b b
0 b
i e e e e T E
LEEES
wLERREFEIT . w S MEEREAT S o RUBLARHE (0022 9 2 BLi)
b o
7
3)
1) s
5 ’ s ’ s
9 7 b 9 o b
b b .
b ’ b b
i 10 o s



2014(2)

11

3.3
b
5 1
b
b
b
6,
6
)
6~8
5
6~8
1
2~8
1
2~8
i)
11 5
b b
< 60
= 50
=40
W 30
=
%20
10
|
&% 0 5 3 7 8
(E#HER) (BURGEE) (UEE R (HLRRE D
St i ]
= L = 5 i = Bl
1
b b
H 5
o b
b b
8 o
2)

] 6 7 8
(E#BIER) (VIWEER) (MURER) (HIWER)
e g

=5

z
é.
=
=
B
<!
&
s 0
12
5
b
b
1.5
3)
b
H
b
b
b
b
o 13
8
1.7
T 40
=36
« 30
=25
%20
15
&1
% 5
5o
&
13
4)
b
b
o 14

= {iLhi

= AL




12 HWAC 2014 44 2
:gso . h mz
2w SL6 SLS5 SL4 5L3 SLI 50.9 50.6 /m” ’
Z40 o
& 30 2)
E "
562[‘ 17. 4
= 10 ’
L
' £ £ £ = = 4 £ X ’
ERERRERR o
E £ s == = = 60%,
— ™ L] - Rle] 1= b~ oo
HENSS ’
=5 = FAL ,
14
b
2.9 s 16 R
3 4 b 8 ’ 20. 6
. b
kW « h/m?*; R 23. 7
kW « h/m?,
. b
. 15
T 40f
, 235
:SD
. o é?ﬁ'
20}
7, %m
E 10
7 gy
0
5 6 7 8
5 (EHEA) (WERD  (BURGERD  (BURGE R
SR
6~8 ciE el AN
5
16 3
6~8
1 3)
2~8
1 1 ’
2~8 ; o
1) ’ H
b b
, s 3 1
s 15 . s
, 8 , o 17 , ,
34.5 kW « h/m?, 46. 9 kW - 14.7 kW « h/m’;
. 19.9 kW « h/m?,
%50' 5 45
- £ 40
) Eas
i a0} =30
=25
Sl o
s Eéls
= 10} 10
= =5
0 & g

5§ 6 T 8
(EHRAER) (FARER)  (MLEEEAD  (HLRE A
AE RS
st =T =BHL

15 3

=
=
E
=
w




2014(2)

13

4)

=23
-1

= m oW oa @
a o o
o
s

LTI AEFE/ (kW » h/m?)

=]

kW « h/m?,

=
=
S
=
~

3 (HLHGE )

(5

w

g & aoumEr)

g

£ seumam)

= B

18

b

13.8 kW « h/
(17. 4 kW -

4.3

4.4

(1]

(2]

(3]

(4]

(5]

[6]

L7]

(8]

(9]

(10]

Younes C, Shdid C A, Bitsuamlak G. Air infiltration
through building envelopes: a review[ ]]. Journal of
Building Physics, 2012, 35(3): 267-302
Caffey G E. Residential air infiltration [ G] //
ASHRAE Trans. 1979, 85(9). 41-57
Persily A K. Understanding air infiltration in homes
[M]. Center for Energy and Environmental Studies,
Priceton University, 1982
(JJ , 2001, 19(2): 17-19
Wargocki P, Sundell J, Bischof W, et al. Ventilation
and health in nomindustrial indoor environments:
report from a European multidisciplinary scientific
consensus meeting (EUROVEN) [J]. Indoor Air,
2002, 12(2). 113-128
Oie L, Nafstad P, Botten G, et al. Ventilation in
homes and bronchial obstruction in young children
[I]. Epidemiology, 1999, 10(3): 294-299
Dimitroulopoulou C.  Ventilation in FEuropean
dwellings: a review[]]. Building and Environment,
2012, 47(1): 109-125
Pan W. Relationships between air-tightness and its
influencing factors of post-2006 new-build dwellings
in the UK[J]. Building and Environment, 2010, 45
(11). 2387-2399
Ryynanen K. Air tightness of buildings in the arctic
circle housing fair, Rovaniemi, Finland [ C] //
Aerospace/Defense  Sensing,  Simulation.  and
Controls. International Society for Optics and
Photonics, 2001: 252-260
. GB/T 7106—2008
. . [s].



14 HVRAC 2014 44 2
» 2009 [21] , ; .
[11] Oie L, Stymne H, Boman C A, et al. The ventilation LIl R
rate of 344 Oslo residences[J]. Indoor Air, 1998, 8 2009(5); 25-28
(3): 190-196 [22] , , ;
[12] . JGI 26—2010 [J1. : , 2007, 20
[S]. (2): 248-250
, 2010 [23] Emmerich S J, McDowell T P, Anis W.
[13] ( ) s Investigation of the impact of commercial building
. DGJ 08-205—2011 envelope airtightness on HVAC energy use[ M|. US
[s]. Department of Commerce, Technology
, 2011 Administration, National Institute of Standards and
[14] s . JG] Technology., 2005
752003 [24] ,
[s]. : , 2003 [Jl , 2005(2); 35-37

[15] Chen S, Levine M D, Li H, et al. Measured air
tightness performance of residential buildings in North
China and its influence on district space heating energy
use[ J]. Energy and Buildings, 2012, 51(8): 157-164

[16] Jokisalo J, Kurnitski J, Korpi M, et al. Building
leakage. infiltration, and energy performance
analyses for Finnish detached houses[]J]. Building
and Environment, 2009, 44(2): 377-387

[17] Kalamees T. Air tightness and air leakages of new
lightweight single-family detached houses in Estonial J].
Building and Environment, 2007, 42(6): 2369-2377

[18] Wall M. Energy-efficient terrace houses in Sweden:
simulations and measurements [ J ]. Energy and
Buildings, 2006, 38(6): 627-634

[19]

[Jl. s 2009, 40(4); 294-300

[20]

0JJ , 2009, 35(30): 238-239

[25] Tommerup H, Svendsen S. Energy savings in Danish
residential building stock[ J]. Energy and Buildings,
2006, 38(6): 618-626

[26] . Lyl
18

, 2003(1):

[27] Simonson C. Energy consumption and ventilation
performance of a naturally ventilated ecological house
in a cold climate[J]. Energy and Buildings, 2005, 37
(1. 23-35

[28] Schnieders J, Hermelink A. CEPHEUS results:
measurements and occupants’ satisfaction provide
evidence for passive houses being an option for
sustainable building [ J]. Energy Policy, 2006, 34
(2): 151-171

[29] ( ) .
[EB/OL]. [2013-04]. http: // file. col88. com/
ebook/openEBook2. bookId =
1289202467806 &.pageNo=0

action

r vy Yy vy Yy vy vy vy Yy Yy vy vy Y Y vy Y Y Y Y Y Y Y Y Y YT Y Y YT YT Y YT Y YT Y YT Y YT YT T

( 94 )

[1] Muraya N K, O'Neal D L. Thermal interference of
adjacent legs in a vertical U-tube heat exchanger for a
ground-coupled heat pump[ G|/ ASHRAE Trans,
1996,102(2) . 12-21

[2] ; , .o U
[Jl. ,2011,29(4)
95-97
(3] , ) U
0. ,2007,28(6)
604-607
[4] . [M].

,2001

[5] ) , .o
(2): LIl
,2009,39(7):9-12
[6] Svec O J. Potential of ground-coupled heat source
International Journal of Energy

system [ J .
Research, 1987(4):571-581

L7] .U [D].
: ,2009
[8] . .U U
[Jl. ,2012,42(5):108-112
[9] ’ . - U
LI ,2012,33(1):
48-54



