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System Identification Method for Heat Transfer and Ventilation Measurement in Multi-Zonal Buildings

BLLITERE D, FRFEAD, EHIRREY

Hiroyasu Okuyama, Tomohisa Masuko?, Atsumasa Yoshiura®

1) AZRIRS T R, B, T (BRIETAAR) XS ARG 3-27-1, okuyama@kanagawa-u.ac.jp)
Kanagawa University, Professor, Dr. Eng.

2) HATERBIESA > 7 78, Bt OulR), b ORI IR XA 1-4, masuko@nikkoken.com)
Japan Industrial Testing Co.,Ltd. Contract employee (Former chief), Bachelor Eng.

3) FRASIIRT Lol R, RpnlBhE, T (BRI iAha) | IXOS MG 3-27-1,  yoshiura@kanagawa-u.ac.jp)
Kanagawa University, Assistant Professor, Dr. Eng.

English Summary : We have been developing on-site measurement methods for heat transfer and ventilation performance in multi-
zone houses, but some problems of practicality remain. To address these problems, we have started to consider a method using a
kerosene heater as a heat and carbon dioxide gas generator. However, a supply and exhaust ventilation system is required even if it is
temporal, meaning the thermal and ventilation performance must be measured simultaneously. We have devised a method for
estimating the asymmetric generalized conductance due to inter-zonal air flow rates and then estimating the symmetrical generalized
conductance of wall heat transmission. To reduce the error caused by the use of rectangular excitation, we have also devised a method
that uses a double moving average. These methods were investigated through computational experiments.
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Table-1 Estimated equivalent thermal capacity mi; (kJ/K)
of each chamber ( :row, j:column), former results are in ()

Chamber 1 2
1 2802 (3307) 0
2 0 3008(3244)
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Table-2 Estimated air flow rate gi/j (m*h) between chambers
or outdoors (flow direction: fromj to )

Chamber 1 2 3 (outdoor)
1 0 0 310.8
2 60.83 0 300.0
3 249.9 360.9 0
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Table-3 Converted convective thermal conductance ¢y p -ij (W/K)
between chambers or outdoors

Chamber 1 2 3 (outdoor)
1 0 0 104.1
2 20.38 0 100.5
3 83.73 120.9 0
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Table-4 Estimated generalized thermal conductance cij (W/K)
between chambers or outdoors, cij=uij+cp.p qij

Chamber 1 2 3 (outdoor)
1 0 186.9 290.7
2 207.3 0 297.7
3 270.3 318.1 0
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5 ORISR ESND. T BITIRFNEE FF oD TS
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Table-5  Estimated overall heat transmission conductance i; (W)
between chambers or outdoors ( ui=u;i ), former results are in ()
Chamber 1 2 3 (outdoor)
1 0 186.9 (174.4) 186.6 (207.3)
2 186.9 (174.4) 0 197.2(210.3)
3 186.6 (207.3) 197.2(210.3) 0
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Table-6 Estimated coefficient 7i;(m? to chamber from heat source g3
(horizontal total solar radiation W/m?), former results are in ()

Chamber 7i3 7 i3(m?)
1 ri3 8.300 (9.871)
2 723 8.196 (8.954)
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Table-7 Using double moving average, Estimated equivalent

thermal capacity mi; (kJ/K) of each chamber ( i:row,
Jj:column), former results are in ()

Chamber 1 2
1 2940 (3307) 0
2 0 3142(3244)
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Table-8 Using double moving average, Estimated air flow rate giy
(m/h) between chambers or outdoors (flow direction: from; to i)

Chamber 1 2 3 (outdoor)
1 0 0.8758 310.8
2 6141 0 300.0
3 2503 360.5 0
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By R AHE LT HDTH 5.

Table-9 Using double moving average, Converted convective thermal
conductance ¢y p ¢ij(W/K) between chambers or outdoors

Chamber 1 2 3 (outdoor)
1 0 0.2934 104.1
2 20.57 0 100.5
3 83.84 120.8 0

Z O Table-9 |2 X B(12) XMk 4% /N FIETH
L, RN RIETHRN Bt a2 2 A
cij % Table-10 1239,

Table-10 Using double moving average, Estimated generalized
thermal conductance ci;j (W/K) between chambers or outdoors,
Cij=ui+Cp-p qij

Chamber 1 2 3 (outdoor)
1 0 182.5 298.5
2 202.8 0 305.6
3 278.2 325.8 0

BEERENa L 7 7 2 v Auijld, (10) & (112035, Table-
11 DERICFHE SN,
Table-11 Using double moving average, Estimated overall heat

transmission conductance i, (w/K) between chambers or outdoors
(uiF=u;i ), former results are in ()

Chamber 1 2 3 (outdoor)
1 0 182.2 (174.4) 194.3 (207.3)
2 182.2 (174.4) 0 205.1(210.3)
3 194.3(207.3) | 205.1(210.3) 0




SN BRIV IS E S 3 ICET 2 b0 ThD. Fi
PEACAICToBER Ry OfEZ () ISR ST,
WEHBA 6 U TARG T 44%FY NSO DIEIZ7R Y,
—HBEP TOERDPERIUE SN TN D.

& B\ A FERIHRILIT Table-12 12K T, ZbHH
FEAFHCEEBRIZ UASETITA 5.7%/ NS DT
D, —EBEPHYOERDOYSICUES TN D.
Table-12 Using double moving average, Estimated coefficient 7ij(m?)

to chamber from heat source g3 (horizontal total solar radiation
W/m?), former results are in ()

Chamber 7i3 7 i3(m?)
1 ri13 8.949 (9.871)
2 r23 8.808 (8.954)

TR RSOy N T HEOIERENL, — BT 0%
BRSO3 0.9973 THHT-DIZK LT, ZO &K
B OEE1Z1£ 09986 LD LR Ao TN,

8. ZHMD VAT LRIEDEEEILLLE

“HAD VAT ARETEDI % T, FUENE R mij, —
iz & 2o A cij, % L CHSENBASREL rij 73
RKOGND. — 2B DREIETIERADFEEIIR)
HICR 3 RSO ESLETE, —SHIE 2 HEOMHRY
IRFEENT, =00l S OICHENEEIT EIOH LS
BTHD. ZNHORESNIARLT, =il 2 Higiod
[EEET VDR SN, SRS THERETE 5. 4

3 deg.C
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Fig-12  Former system identification model* made by sinusoidal excitation predicted the 2nd floor air temp and compared with measurements
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Fig-13 Single moving average used system identification model predicted the 2nd floor air temp and compared with measurements
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Fig-14 Double moving average used system identification model predicted the 2nd floor air temp and compared with measurements
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