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While air conditioner is running, leaving doors and windows open is a great

way to reduce operating efficiency and undermine the air conditioning system’ s ability to bring the
indoor to a comfortable temperature. However, merchants want to business with open the door to
attract more customers and to increase sales. The purpose of this study is to evaluate the heat loss
and thermal environment through the door open while air conditioner and the effectiveness of
several facilities in order to reduce infiltration. To achieve this goal, the air infiltration rate,
the amount of infiltration were measured, and heat load was calculated using numerical energy
simulation. The results show that the leaving doors open causes energy loss and deterioration of the
indoor environment. In the method to reduce infiltration, the infiltration load decreased most when
using the cloth curtain or the air curtain etc.



¥ X C—19,. F—19—1, 2—19 (58

1. BIRFMARLOER 1500

(1) FeENL 2030 £, 2013 4FEH TIRERFE A A
% 26%HIIT 2 K R R & EE R A ST D
% 21 EFEIESE (COP21) 1T LTz, ZOHT
H BAETPRICIE 20138 4EHETHI 40% (E%5 @ 39.8%,
FHE : 39.3%) OmEmWVHIKEEAZHEL (K128,
Government of Japan, 2015), A3 OKRF(LIC
M 7efifie— K~y 72K ELTW5D, FEBMIZ
B AIERERBILICOWTIE, Wi o, Wi
Hefttom b, RFHE O T e 81T X D s et Tt E— 2030

JEFHEIAAN. THNTWD, LavL, ¥ RS 4 S LSS
BTN SR EETh b, BE g B 1 AP R

1000 1+

500 1

CO, Bt E [BHt-CO,

IR ARET S 2 LW (M2 B3 Tho, SRR o 10

Q) FIY T AT, arE=x AR N7 DI a -'J\ﬁ;%mm := iiﬁ

WBE U P sk 1L, ENMEEZEL OVENZEIC & j;tjf:ﬁ;i 1°'611f952
HNKMADKEO =L —EE (K 358R) 200x Tr—RART—F 1I2,520
B 23, FRS, IENASOEEEZIECT 72D R T 4B B fom 208

X o L CHET HIME EIC L D ZERE S AU Myl s
A%{Eiﬁéﬁé (1:%%_ 6“6%)0)@, %Z"WCJ:Z)IZ\\ 0 4,000 8,000 12,000
/I/ﬂ’r\\“‘jﬁ%%ﬁ:OU T ﬂjﬁ"“ﬁj\ﬁﬁfﬁ é h—(b \721/ N, EMR O T RILF—HRFEM MI(M2E)]

B 2. R L —{H B R B

(3) pH¥EMEEY (EBEM) o Ew 7 7 — RIZiL, %
DHEZGI&E, KIEHZEST 72O AT - BIRE -
BEMEOBRW a— A L R=LTF7AFRT (W42
) OFEN R TH D, LrL, WEWEREIMEW
M T DT T ADMERIC L 2B LKL RAD A
DERTORBAIZLDAKEBAITIRKEDO =R LF— |
HEZOXE-T, SblT, JEN~OHEEHENE H
& LT-BARE 21T 5 IEEi b 72 < 2y,

2. HEDEM

ARFZEIL, BARESE, RT7BHEA, BEOHAVIZLD
TR —HREES T EMICHA L, PRI
% IR A & DR AT & D X RIC OV TRE
THZET, LURhEME RG] - UE FEER
BIDHEEEMET B,

3. HEDHE

RIFGEIE 3 AER (2019 HEE~2021 FEE) 135 = L Th | (0 [l K @ R

D, FAEEIZXAIEOFER, FTilo#my Thob, X 4. pEERICBIT A8 = rEE

(D 14H (2019 4F) T, 51 BRpFe CORTIE - SEREATE, sk o Eil~ 7 ¥— RiZBT
LEMASHE) L LT, O SOk - FEEAE, @ RTE»LRAETIIRKAROBR, @ va—vAa
¥V R=BRAET DERARIC OV THRETT 5, R, RTENDRET DIRA AT & E B K
T HI20, KT OFEARZEE (K7, mfd), st (K7 BARSEE, BIPARRD), SMELES (AN
SMEFEFE, JENFE) I EORMEMIC L D/8T A N v 7 ZAZTF 4 21TV, FEEF KM TO2ELTE)
I K DIRA AR A ERINST 5, £, Y a—vuA v F—OJFRE, JEMmEIC I i, A
T A DWW 22 81 X DIRBART AR L, BT 2 DOWEWEREZ (7] S8 B EAFC W TG %,

(2) 24-H (2020 4FFE) TIE, 55 2 BeBEMIZE (FEMERRIZIT HAE = Rikat - IR oORE) &L
T, O =7 =7 U KEE RT OREIZEL D%, @ va—vA Ly R—otiEn Eic L 5205%
WZOWTHRETT 5, FRZ, JEEIOEMER (NSO OHAD BHES) ZKM L= ¥ — I 2
L— a3 VATV, IRRART ORI & ORLEZEH T 1L X — OB %595 O E &R
Rt LTz, F72, BT AOWEMEREE ANRMEE L, BEVETTOMRIZIEN & OREZEH T 3L
XF—OHNIZFH 5T 2 DO ERGT 5,



(3)34EH (2021 ) T, M¥EMXIZH T DML UETIEORET 5720, Ktz k-
fﬁ&éﬁmﬁﬁ%ﬁ%@ﬂb,éifﬁotmﬁﬁ%%@béo

4. HAERE

IR CRUE L TR FICRE > 72 - ToenR g, (D) K7 i b RAET S IREAN, =7
H—7 HERR, @) TN L BRI, (D Kk i/ 8 L AHHTIC X BRI T B,

(1) F7EDBIRAET DI AN, iTﬁ—?Viﬁ%*ﬁﬁ
AKBFFETIE, T EDBIAET DA OMET & i, i77‘3~7/€:$ B IIZRE LTz e
(2R TEMIEWT R RIC B 2 IREH BT (X 5 2) 217V, ERNRmRER,

Pk

Tisa 47 ] Tim 4N v (%] :
(a) 1‘74575) OIRAET HIFR +TP
a 050
§ o I Zoo b
Sow | «o*°
wﬁ:‘s’ To nnwwmm 05 nmmmmm %025 & o
£020 ® ©®®
015 o ®®
S0.10 ®e®

AIRCURTAIN OFF
0 2 4 6 8 10 12 14 16 18 20
DISCHARGE VELOCITY [m/s]

Vetocty ol
- .

(b) I A fnf %1@;‘6ﬁ“t&)0)i7’7§~7/

e———  Air curtain

Indoor | Outdoor

z Quireuriain 2

5040 T h X

TE) Q | CFD results &

§ 0.30 Of’ E)

02 | % <

3 © S

$0.10 |/ =

B y.‘/ Quatural =

‘ Zo000 L2 2
0 20 40 60 80 100 '0 4 .3 12. 16 20 0 4 8 12 16 20 0 4 8 12 16 20
Time [s] Discharge air velocity [m/s] Discharge air velocity [m/s] Discharge air velocity [m/s]

(e) =7 I —7 > DFEFIT X DR
5. FT7ENLREAET HIWKAAMOMET L, =7 I —7 > OFERTh=R

O H—BO»SRAETIEWEEIITT H—T LV OFHIC LY, K TB%EMSE D 2 EBFI -T2,
©Q =7 =T OBIEW N RN R L 22D KK H LiEEIE, Hayes (F.C. Hayes, and W.F.
Stoecker: Heat transfer characteristics of the air curtain, ASHRAE Trans. 2120, p.153-167, 1969.)
MR LT/ NEAR S 23R 2.5 #/E (R(D)) LTRFARETHDL Z L 2B LT,

e (0,0, ) [0016111)1( )+o 2162] 2.5 (1)
b,




:—'—»Ab

1|_4\

(2) =R L 5 FEHERA

AWFFE CIIpE)E SO HEXICm L, F%F%Y%%%ﬁofu\
HZEITV,

B, KRB EOBgHE

Semicircular window = ..s,
(895 mm x 410 mm)
Sub entrance

(895 mm x 1,800 mm)

! |
430 mm

Alr conditioner 1 (3.6 kW)
Air conditioner 2 (3.6 kW)

3,100 mm

FAfmEIC &

Air condltloner

~ 4710 mm

2,490 mm!

" 4,530 mm

Main entrance
(2,000 mm x 1,600 mm)

(a) %ﬁé%@ 3D :ET“/»

JERiz xR L L, BN
LRRRAHE R (K62 M) Lz,

BWTIENIR

Air conditioner (5.0 kW)

Main entrance )
(1,300 mm x 1,960 mm)

30.0 35.0 40.0 35.0 50.0 30.0 35.0 40.0 35.0 50.0 30.0 35.0 40.0 35.0 50.0
VAN Y/ANN==1
(b) BumifRic kD RmERE ST (BHMME, PAMMmE)
3,000 — 3,000 3,000
= Door opened case: approximately 1414.6 m3h < Door opened, oximgtely 1874.8 m%h Door opened case: approximately 974.0 m3h
é 2,500 v e v Z 2,500 P Y = 2,500 v PP v
8 o E
22,000 l £ 2,000 5 2,000
< & 3
£ 1500 5 1,500 £1.,500
- bt -8
§ 1,000 é 1,000 £ 1,000
“E 500 | Door closed case: approximately 66.5 m3h 5 500 | Door closed case: approximately 125.8 m#h % 500
- 0 PRV A b A 0 = Door'closed case: approximately 31.3 m*h
10 11 12 13 14 15 16 17 18 19 10 11 12 13 14 15 16 17 18 19 10 11 12 13 14 15 16 17 18 19
Time [h] Time [h] ime [h]
,—L,
(o) IR EDWER T
38 38 38 38 38 38
_ _ Outdoor _
g3 o34 L/if(;::m o34 234 T 34 Outdoor ks
£30 230 £30 Cash register space £ 30 2 30 530
2 2 3 E ; £ 2
gze Selling space £ ; ,izs % 26 [\ Coshresisterspace £, T fu
£ Cash register space &' Selling space g Selling space £ 2 elling space 2 Selli
&2 Working space 5 22 Cash register space & 22 g% |~ gE 22 Working space 5 22 rRpEhacs
18 18 Working space 18 18 Selling space s Working space
10111213141516 1718 101112131415161718
101112131415161718 L 1
Ble 1011 12%&}:[1}316 1718 Time [h] Time [h] 101112}31415161718 1011134814 15161718
N=] == N=—3
(D) ERNSMREEOPERE BAMmE, PAMEE)
=
-
l. 5 }
&
- {
[
P
;\ ENT
'ENT g A i e
Temp. I TN I Temp. BN TS I Temp. BN TN .
26.0 28.5 31.0 33.5 36.0 20.0 22.5 25.0 27.5 30.0 25.0 26.5 28.0 29.5 31.0
(e) JEV\MJJ“ o (BB, PARMmE)
5.0 25 25 _50 25
T fmsocket z = 2, |maaket z
g 40 | mact ﬁzo Door 520 54'0 520
5 A o 3 3. )
EN N N MR
520 =10 £10 Dol 520 Z10
i F F losed E z
g10 5 5 Door ER eose 1o g K
200 g closed X g & g
10121416181012141618<0 1012 14 16 1810 12 14 16 18~ 00 <0

10 12 14 16 18

Door opened case Door closed case Time [h]

KU1

6. FZHIC

£ % FReiA (REFIEE,

10 12 14 16 18

me
Door opened case Door closed case me

FITR i i
(®

BB RO ERS R

10 12 14 16 18 10 12 14 16 18 10 12 14 16 18

Door opened case Dour closed case Time [h]

AR

FTRUEE, AR5 E)

O BIMBEIC L 0 JENOBERIIRE L IESO/EERE DIREZENE L Lo Tz,
@ BAM®wEIL, FAMBE &5 EIREEOH MM R 5z,
@ JEMNIREEDAIE, %W%E#%W%Fi@%wﬁﬁﬁﬁtﬁw HIAD DHIZHEVIE BIREESY
FMNEL I TV, £ O N 7 AT L - C, Bzl

@ BAWEEIL, ERNOEBEREZ RS- DDEFER ﬁ#ﬁ

HEBH OB BRI,

/uxnﬂ@i{ml@iﬂ‘ﬁ) &)0 7‘1_.0

t, MMmEEZITO & T



(8) #Ex 7% UAHTIT X B
AT TG ISR T 5 = R VX —HABEOHIRE S FiE (=7 h—T>, I AL, B
&) ofED (7 28) 2170, BKARTHIBRNRZ I 52N Lz,

(5.6kW / 26°C)

P B 4 A B 7 =T OKF, TEEH) 10
() Bkx 72735 L 53HT
BRI D 115 MI/m? _ RESTBGR 3883 MI/m?  BBTHRAUR 2203 MI/m? _ BEBIHGCR D 881OMIme . BOEMKR  1931MJIm* . BURHRAR : 185.3 Md/m?
= 400 2400 £400 E 400 E400 £ 400
£ SR 3 B E B 3 B e TR 3 -y
% 300 12680 % 300 58100 = 300 | 94 peam s 300 Ehh E300 S E300 ﬁ%ﬁ%
# 200 200 < 200 < 200 200 T 200
Rt &K 4 K K K
é 100 #100 #100 & 100 100 100
0 0 0 0 0 0
7 721 8/10 8/30 71 721 8/10 8/30 7/1 721 810 8/30 71 721 810 8/30 71 721 810 8/30 71 721 810 8/30
P B M IR T A—Tr OKF, TEH) M

(d) BB
7. Bfx 7238 A GAHTIC K D RER

@ PAMPREETIL, PAPTIRRE L it 2 LIRAR - WREH OHMN, ENIREO ERRR LR,
BRFI BB 13 B A 2 NS 5.

@ =T =T, IA N, BREOFIWZIEFEOHRICONT, BEEMHALZEADNRD
SEPWA LTz, =7 —7 > OVERIE, KRCRIEY 5 X0 bBEICHET 2 & THRKRE
OWHRAIAEND, A MIBUS KDL L DI 2, IREMHEIZIRIZ OV TRB I E
RILFTEALETH D,

©@ H—BIRICHIT DIMROFEEICOVT, MEEBRKRIC L DIRROMIC, EIJHKIC L DR
bR BT, BAMMEICE T 2IRKARN OMIE RG220, BRI TRERD S 556 0
RIS THERT L BEDRH D,

@ E AT DIREERK OS2 E 8 LI KA, PAPTIREE CIIBMREE & ik
U TR 34 £ & RIgZs s Lo e, S MFFIEIC VT, A K, 277 —7 » TIEKIE
IR IR B o 72y, BERZ LA L7256, BIFTIRIE & g LT 58.1 %Oib 78 i &
niz,

UbDZ & XY, mZEfis 2 NEBE 2047201247 9 BMm B T, ERSMEEEIC K TR
KREOWEMZZERK & LT, ERERE EFIC KD IEBEREOEE Z Y, WEEEOEINIH
LNICHER STz,

FRIZADIIETIE, BAFTEZE, R7 B, EOHA D IZ &L 5=V F—HKE 2 ERAICHTL,
PN AR 2 38T D IR 2 DRI S/ D W < DD =R RPER Sz,

1) SUEEEMASEK (UNFCCC) : H# Db &, R DIREL R A DREEZEN S
52 EaEMBOEE L, HEKEREA 726+ S S ERERB L ILT 570 DEER 722
Pkl 7 2 O T2 FAKITIH D



58(243)
2019
Journal of the Heat Transfer Society of Japan 12-17
DOI
Sihwan Lee 111
Numerical study on heat blocking efficiency of non-recirculating air curtain and its optimal 2019
discharge velocity
E3S Web Conference: High Energy Performance and Sustainable Buildings 1-6
DOI
10.1051/e3sconf/201911103042
Sihwan Lee 111
Study on energy loss and thermal environment through door open while air conditioner running 2019
E3S Web Conference: Sustainable Urbanization and Energy System Integration 1-4
DOI
10.1051/e3sconf/201911106035
Sihwan Lee 609(3)
Study on energy loss through door open while air conditioner running in commercial store 2019
I0P Conference Series: Materials Science and Engineering 1-6

DOl
10.1088/1757-899X/609/3/032069




10

2020

2020

2020

2020




2020

Motoki Kondo, and Sihwan Lee

Evaluation of air exchange rate by influence of human movement wake

Indoor Air 2020

2020

Satoko Yano, and Sihwan Lee

Field measurement and dynamic simulation on the energy loss through door open with air conditioner running in a commercial
store

Indoor Air 2020

2020

2019




2019

Sihwan Lee

Numerical study on safety factor for deflection modulus of the non-recirculating and the recirculating air curtain

Building Simulation 2019

2019




