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System Parameter Identification Theory and Uncertainty Analysis Methods for
Multi-zone Building Heat Transfer and Infiltration and Case Study
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Synopsis:

Methods for on-site measurement of building thermal performance system parameters such as coefficient of heat loss,

solar heat gain, effective thermal capacity, infiltration rate, and effective mixing volume are very important, yet a nontrivial task. In this
regard, a state space equation model, referred to as a “thermal network model,” has been devised to generalize such multi-zone heat
transfer system and tracer gas diffusion system measurements. This model is composed of three parameter types, and we have developed
a system parameter identification theory and uncertainty analysis method using least squares, as well as actual measurement systems. In
the present paper, we improve the least-squares regression equation, the uncertainty analysis method, and the reliability evaluation
method. We investigate appropriate excitation waveforms and frequencies for heating and tracer gas release, as well as a low-pass filter
for preprocessing measurement data. We verify these theories and methods using computer-simulated measurement.
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Table 1 Thermal propetties of building materials

Plywood |5mm | Roof : Plywood 15 mm
L ye 20mm Out / o X 50 mm
The insulation 100 mm T sulation 100 mm
(gla ) . / I (ek )
Plywood 15 mm - Plywood 15 mm
Glass and air lay cr( y L Window area
15 mm TS SMMm o f each floor
1 lation 100 o I Airlayer  12mm
wnsation 100 mm u " Glass 3mm 10m?
er
Air layer Air laver of
b 5 of 2% floor 1111
Plywood 15mm |9f2 floor ol L L
Air layer 300 mm i
Plywood 15mm |0 i Wim'K e -
i 5.81 Wm'K__ equivalent conductance 1449 Wm'K
Glass wool Glass Air
Density 53 10 kg/m* 2500 kg'm? 1.3 kg'm’
Specific heat 1.30 0.84 kI kgK 0.75 kI kgK 1.0 kI keK
Thermal conductivity  0.186 WmK 0.06 WmK 0.78 WmK

Solar thermal property: Building outer surface absorptance is 0.80, each glass transmittance is 0.87 and
reflectance is 0.08 at normal incidence angle, and for Shoji sereen 0.25 and 0.60 respectively

= 23 Total horizontal solar radiation (W/m?)
Outside

Gravity and wind pressure infiltration
Total équivalent gap arca 400 (cm?)
Leakage exponent 1.5

[:> Wind g Jutside 3

| [ L
| Zone2  Flow path height  4.68 m
:ﬂ:, Gas release

. 22

Electric
heater

k—2.5m —s——3.5m —

Zonel 2nd floor
opening area 2 m®
b

Depth 10 m

ke—1m— 3
Thermal network model

Fig. 1. Measurement simulation models

Air flow rates network model
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System parameters shown with solid lines are identified,
and those shown with broken lines are given

Heat transfer system identification model

Tracer gas diffusion system identification model
<---- Given parameter r;;is 1.0,
(Conversion factor from electric power (W)
to heating energy.)

<«---- Given parameter r;; is 3600 ,
(Conversion factor from released gas rate (mg/s)
to per hour.)

Fig2 System identification models
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Fig.3  Outdoor temperature and solar radiation
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Fig4 Airexchange rate and infiltration rates in a wooden building

9. ZHEMTAIED AT LREDIER

ZDYVAT LRI Table2 (3. BRI
X4 OERICRE S BB L QD0 EOMRNAS % BARHC
HEE L QD 7272 LIFREDORHEOAEAIZ L Y Bid 12
&1 XD REV. BEENS OREBEDO AN SR T
EDHOEEZ BSHEEL TWD. VAT ARIERHREOT
T I K B T APREZA LD FRIE RS & JIEEO Mz X
LSRR & 2 B ZOUN T Fig5 1Oy, #R DV
SR TNOAXETTRE 70 E VE L TN,

-3039-

H. Solar radiation (kW/m?)

16

[I}]

)

=3
=

Air exchange rale (1



——— Measurement data for the 2nd floor
- - -~ Simulated by identified model (mo#0)

--=--=- Simulated by identified model (me=0)
—-— Gasrelease rate (mg/sec)
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Fig. 5. Tracer gas release and concentration change
for second floor in a wooden building

0. {EBR VAT LRERR

VAT ARIE TEHLNIZET VTP HIEHR L7025,
ERHEE I A AERE TV TR L7= 2T 7 % Fig6 |2
RSB —5A L. Table3 (ZIE{E % O ¢y DEAE
EHEENR L O SEHIRIE 2R3, ARl
OHEEE S 2F R OB BRI RETH ) 2 L
IS, HEERMEAARE Q IIEf X W AT 1.3%, i
TR T 45%FRE NS ODSTFAHIHOHEERSE & o 2.
B THISEAD YD 72 HOET /LT H RO IESR iR
ML BHIO B — RS2 7 ¢ VB CRIET —4 2B 5
IR BOEREE LS.

-—

11, 58

AR AT ARER 2 R LS A RE LT, £
BIBUZ ARV AT AREET VORIREDY 72 WSS
THERMIEEEOMEZEH &, BBz

BT —

Measurement daia for the 2nd floor
Simulated by identified model (mo=0)
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Fig. 6. Comparison of indoor temperature change
for second floor in a wooden buildgmg
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Table2  System identification results for multi-zone infiltration rates measurement

flow rate cyj, capacity my; ci2 c3 C23 ci3 Cai cio m» my; AER. | Avef
Term ave. cij, mj; 57.41 1.323 2.094 56.56 55.58 0 300 250 0.107 -
Identified =0 53.29 0 1.92 51.37 53 1.63 2919 2454 0.1 -
resls om7 0 55.31 0 3.1 52.21 52.63 0.42 285.2 | 2413 0.1 -
estimated | On=0 1O, 4414 7.919 3.86 2.513 6.891 2.396 9.591 | 5.396 -
uncertainty o 14.72 26.44 10.59 8.161 19.64 8.645 |23.37] 16.02 -
|+
deviation G 10.95 19.81 8.87 7.063 16 6.647 21.27 | 15.16 -
B B 1.344 1.335 1.194 1.155 1.228 1.301 1.099 | 1.056 1.214
Oni=0 0.9641 ¢ij: flow rate from node-j to node-i (m’/h),where 3 means outdoor node
cop om#0 0.9522 my;: capacity of node-i (m’), 6,y:measurement uncertainty, A.E.R.: Air Exchange Rate(1/h)
Table3  System identification results for thermal performance of a building
Heat transfer system C3o C31 €3 Ci3 Cy1 Cip m; | My, Sgi Sg» ave.p Q
True values of parameter Trans |Advec| Trans |Advec| Trans |Advec| Trans |Advec| Trans |Advec| Trans [Advec 10.4 051
210.3]19.23]207.3] 0.443[ 210.3]0.701 | 207.3] 18.94[ 174.4 [ 18.61 | 174.4] © B _ N PRTYS
Sum of Thansmission and advection 229.5 207.7 211.0 226.2 193.0 174.4 ra r3
6,=0 206.1 224.6 206.1 224.6 187.4 187.4 3307 | 3244 | 9.871 | 8.954 - 2.153
weniiea | 6,70 205.9 2254 205.9 2254 186.7 186.7 | 3319|3289 9.935 | 8932 [ - [2.156
resuls ) 6,=0 199.7 221.1 199.7 221.1 191 191 7229 | 6784 | 9.568 | 8.621 - 2.104
Massive 6,70 198.1 219.7 198.1 219.7 191.6 191.6 7122 [ 6659 | 9.427 | 8.457 - 2.089
6,,=0 O 4.325 3.99 4.325 3.99 3.7 3.7 125 | 135.3| 0.335 | 0.3729 - -
Koy 37.79 37.41 37.79 37.41 33.05 33.05 1168 | 1183 | 3.135 | 3.259 - -
Paremeter Wooden on70 mO 37.92 37.08 37.02 37.08 33.21 33.21 1157 | 1188 | 3.107 | 3.269 - -
uncertainty B 0.997 1.009 0.997 1.009 0.995 0.995 1.01 {0.996( 1.009 | 0.997 | 1.00 -
reli:Jl;ci‘lity O™ O 17.06 17.43 17.06 17.43 15.53 15.53 1182 | 1094 1.6 1.571 - -
evaluation ) Oy, 75.26 80.37 75.26 80.37 71.48 7148 | 5423|4781 | 738 | 6.881 - -
Masive 0,70 mOn 73.17 78.79 73.17 78.79 69.6 69.6 5318 | 4649 | 7.239 | 6.691 - -
B 1.029 1.02 1.029 1.02 1.027 1.027 1.02 [ 1.028| 1.02 1.028 | 1.03 -
G = 0.994 ¢+ generalized conductance from j to i (W/K), where symmetry ¢ ;=c j is induced, thermal capacity m ;; (kJ/K)
coD Wooden 6,70 0.9934 sg;: solar load coefficient (m’), r;;: solar heat gain coefficient (m’) of node i from solar heat flux gj (w/m’).
) Gm:0 0.9913 measurement uncertainty 6,=0 : 0 ,6,,% 0 : non 0, wooden total node capacity=10080(kJ/K), massive=23016(kJ/K)
Massive 6,70 0.9889 (0 parameter uncertainty SD from residual, G, : parameter uncertainty SD from measurent uncertainty
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