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EhoBTHDZ EDIEBIC LY Z oéEIcRIT 255
BREICTRZBZEMEES D,
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hTna?, ZZTHIRBEMIE = OBKIRIEES Bk
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TEHRETHBLEL B,
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EXDBORPRECHL, BUSEERTHH LT
Bo TDLERDRY MNATIIHS FRAVBORER
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MCP%ZCT.FH ............................. -1
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T : B OURREADRERY b,
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(2-1) T dT/dt OFBATH & MALFTHIc 57
DILROEHEIT o
dT

Sr=MC,yCT+MCy H

MC,™ ik MCp DAHFATIITH B 06 MCy,
HHAER WL LI AT TH B,

(2-2) OFBRXITEEMBTICRIT 2HEFHEX (evo-
lution equation) TFEIR & 415 FJIWHE EIRE 2SR A KR [H]
BEOANEZ T 5HBEOROBBEAR LD LB B2 LA
T&D, Z0NLE& C* 3 BEH{OWE LIBERY b AD
ZEOHEICLY 2-2) OfFO—BEHL ZOFER IV
MBI B RTF OB RE S R (2-2) oRIEIR
B THBLEEINDB, £Z T (2-2) 2L bIFTHBN
WAHFERROBEE WS FEXOBEIC BT 5 EEE
fboEiz by, EF

OB FEREEE, SbIC 2-2) oFEPML L
NTED, ZOFEMERE

.................................... 2-4)
TO)=T,

DRRIBOEIEERIC S BRAAIC L > TE LR S,
@C-4) oFBRRIKROEHFEXLFAMRTH B,

T(t):T0+J;C*T(s) S <ereernreneennrainanas (2-5)

FITCRO=ZRE2HZT LR BES T,.(0) #Ex
60
TO)=T,

t
T () =Tyt f O (Dds (=0, 1, )
Iim T,(6)=T()
nyoco

n—>ooDlEEMEICIY Tyix (2-4) 2R7T X5
iefElin s, BERES U0 EROXHIZED D,
Un+:(t):Tn+1(t)_Tn(t) (71:0, 1, )

26) DE2XKTrnEx 1o~ LERXEE-> TULVKL
L

U,..(t) =J.;C*Uu () ds vernrernnnnarannnnnanns (2-8)
—%
U0 =T.() ~To(®) = f T (5)ds
=J.;C*ng5=tC*To ................... (2-9)
mhikihid C* Ty 3—ETHE15
J;C*Tods=C*To J ds=C* T
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ERBENPDLTHB, ZH5LTHLNRE U, & (2-8) (T
n=1 ¢ &7 LTRATIIE

t t 2
U,(0) =Joc* (sCHT) ds=C**T, J 5= SR,y

........................... (2-10)
BO @C-8) ifRAFTHE

Uu(t)=-§%C*3To .............................. (2-11)
ZOXHIZLTHEIELTHHE

U,(t)= %c*n Tyennneeemnnvmneneeinnes (2-12)

LB, LTAHAN
T,()=Ty+ U+ U, -+ U, --+-eevreeee (2-13)
Thorzre T,0)— T (->0) PRRYIUSTLH
Wit
T(t) = Tot L CF Tyt CR Tt e L ORI T
1! 2! 7n!
:’lezjo%c*n]'o ................................. (2-14)
LT s, HROEKEEDOTF —F5—RELOTFrY
LI E W EROTENESHE SN S,

t t* t"
C*Ty — —  —_ P B, 4
e To=T,+ 11 C*To+ o1 C* T+ + o C*¥Ty+

oo n
=3 2 cwn P (2-15)

=0 7!

e'C* 13 exp(tC*) LHEFELN, Zhix Tt T &
SR HIERARTHY CH X2 0ERIERFEL 25,
(2-15) ®BLIZH Tz » THHMFZZ 0 LBV —K
2t AT (2-14) 1

T(!) =exp ((t—ty) C*) To .................. (2_16)
LB,

ELICHBRDOFRY H OAAEERICRZT TN &
EIIXROBREL (2-2) TRDOENBDThH 72D
AR O BEEOEIC XY (2-2) OfFik

T(2) =exp((E—1,) CX) A(E) +verevveoneeres (2-17)
DT THDLRETE 5, 2 2 TRAEER Y bLA®
T, LEEHZIZLDOTH B, (2-17) O EHH ¢
EoTHMaTsZ itV RREE S,

ar _

dt
ZZ TV (exptX))'=Xexp(tX) O X5 R HHEIX
(2-15) IRV T HEIMATHIZHELNDZ LITHLH
ThbH9, (2-2) OEMR (2-17) OFIZRZ L+ hi
(2-18) DAWIE (2-2) OAEBLEL, X-T

C*T-+exp ((£—t,) C¥) %A &) - (2-18)

exp ((£—2,) CH) %A (B) =F(£) voeveeeneees (2-19)

—jl—Aﬂ(t) =[exp((t—2t)C*)]'F ()
; < (2-20)
jA () =exp(— (t—21) C¥) F ()

ZZ TRV exp(—X) = (exp X) ' 72 2HHIFATFIO



BEEROMEERORRLHA L LTEILD, M
BRI X L Y STHATRER 5 idR O X 5 IiE
rEhb,
exp(X+Y)=exp Xexp Y
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7;§0 %Xnngozll— Y" =11§0% (X+ Y)n
PEEHEC I > TRY 22 L RV 230 bR
B, b LKHAREARITAIL LT X & —X 2 Lhid,
exp(X—X)=exp(0) =E=exp X exp(—X)
exp(—X)=(exp X)™
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&T(2-20) WL EIEFES L, A@ Ic > W TR

A() =f: exp(— (=2, )C*) Fdr+ B ----(2-21)

B 3ESEHRI L Th B, (2-21) # - 1D I{RAL
T(t)=exp((t—2,)C*)B

+eXP((t—to>C*)£ exp(— (r—t,) C*) F (z)dr
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+'r exp((t—7)C*)F(t)dr sereeeeenee (2-22)
ty X

I CTHEUINEEREE AW, = o075 NI T
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LHRELED, - T (2-2) DBIIRDO X HIC# 5,
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+J’ exp((t—1)C*)F(t)dr-+e---+ (2-23)
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(2-23) KiFF = 7 A & (Duhamel) DFES & SHIATRIC
HELIbDiIRErk b, 22T
B(t—1o) =exp((E—12o) C*) ~eevvvrnneerennnn (2-24)
LRE, ThERERROBEOHBITIIL L5
3. RIPMIFTIHBHRBRADOEXT bV, [THOR
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—RRICHD R E BB L LB R EBCR T L b X 7
BREOUERFZORA J (CHL T RO HEMIHFERR
FRILT %0
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(mep) = =i§1C,',-(T,~—T,-) +HG -+ (3-1)

ZZT
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DEPENDENT SYSTEM  1;+,N

Fig. 1 BEEMEGROEER
Schema of Building Thermal
Network System.
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25, THITHREEERE LEEIC L b2 kD T
D ABHICIE (3-2) RDZEEENMETH B, ZhELD
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(3-2) Koo MBI/ INIFEOEHE (dzdydz) &35
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T\ ox® ' 9y?
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dz
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_x[ dz dx

-
dedydz

prs ] dzdydz
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dz
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FHIRZ b RIRICITR %2 %0
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ar; 8§ ..
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LWHEERWE Lo, IMBURERIC X 5 b0k
C,‘j=dS .......................................... (3-8)

S HMEERETHY, o IARIMERTH B, 20
A% G- BRRY L.

BHiz X5 b0k 4, j mEomE, HEROMRRER
¥E A F LLlbX

Cii=apAiF ;= A Fjceereeenenneessnnces 3-9

Linde 1ol LEEMREHBEER ¢/ e, 65 214, )
HMORHR, C *BEORNER, tv &, ] WEOD
EIGHEHREE & LI &RA TE 2 B,
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VEIEUAREX BT LNTE S,
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ZZie Cp IMAEDOEERS, rixznlkE, V izt
DOWRETH D, BAEMITIZALFSRF 7 FERLTAS
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Vo (B-11) DX 57k avFrx v AR AT TR
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Cji=0  evererensien (3-12)
ThHd. LOLARBOBOIBOREEGTCIRY, £H
EEEFYVEEL TELNIHRHRBa L Fr 502
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VAERL—IELTHREIBZLIEIEIETHRY,
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BRAGACRBOTERERETAVWS Z LY TE 5,
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+ = 1ij. T4 TG j oovnnveeeneeinennnns (3-13)
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THhEROX S CEEHZ S,
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—-T; <"E;0Cij> A H joeeeneesiniinns (3-14)
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n4ng

H;=% 1Cz'j'Ti+HGj ...................... (3-15)

L8,

(3-14) RKiz k » THEMAFHERX 2D o5, kU
Ry FVOREIEERMICHASh S,
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4. BEFEOEEDIHR

WBITE o(t—1) BREAR (2-15) 12 X - CTHET
BZLEAAETH D, bbAHAMIMNK TS LIFFE
ALY 5 REROAHEOHEICRNWEE XD, Ll
b b L C* S ATFIHE, T2bbERITS P
Lk »>T POCHP P ABITHNC 2D X H T2 Ldh
TENTHRTINIZ RO B Z LA TE %, C* HETF
TEOEFERER 5 P R EEAFTRIcEhb,
FZT C*OEBHEITRTERTI»2ATHHI LE
FEAL C* (t—210) OFRBEE ERD 27D DFE—BRE L
+3%, C* DRFIT

CH=MC 7 Ceovervrennnnsnnnnssnsniennneennens 4-1)

Tholte 1) DX HRFTFIDERL dij DX SITR
bt, Bt Lz k5 Cx @A FFITIRARVRE C ik
FATRICH Y, Cij=Cji ThH B, MCy " iIIXATTH
ThY jBEFER UmCp; ThH5B,

WE C* OEFEN—2% a LThE

CH X QX verrrrrrrsnnsersorasesnssseessensnsaoses (4-2)

RBEERY b x BIEEL, TRIIKROFERNE
BAiig (x=0) SO x="(x,, 2, -, ) ELDL
WHZ EThHB, 4-2) RixEZ T

dnx,+d X+ dy gy =aemcy,

d“.:r,—a—d“xz+---+dz,,:r,.=a-mcp2-xz e (4-3)

d,,;xl+d,,2xz+--‘+d,,,,x,,=d-m.cp,,-x,,
4-3) RO—Thd n TETELTHh HRERK .,
Ty, o, Ty BT DL

A2, T+ AT Tyt oo+ Ay g Xy Ty =R MC 5, X\ T

A1\ Fy+ Ao Ty Ty oo+ + Aon Ty Ty = MCpy T, T

d,,,:xli,,+d,,zxzi,,+---—*- AunZ Ty =0 MCppZpTy
85, ThbogEREWLAME 5, ZEBICOWTIEXFA
BROEE—OOFEICE L, R MEICH DR
EERFh—ODRICELD B L,
(A2, T+ Ao Ty Top+ oo+ Ay n Ty T) *
+ (d 122, T+ oy 2, T)
+ (d3,2, T3+ d 325 T))

(dnynrTprZTnt Ayt nTnTn—) **

=a(MCp T, T HMC pp T, Tp e+ +MC p Ty Tyy) ¥

* OISMI—RIC xT=(FE) THI»bEE. Eic,
d;;=C;;i=Cij=dj; (ixj)) ThHID
d,-jxj:'c;—t-d;,-x,-i,-:d;j(xj-i:,-+x;-:?,')
LpBIC Z;Ti+2%; T TH B, - T ** OES
BE_RTEETH S, EALNICAED o+ D () T
(o eFLEETH-T
MCp T, Ty +MC pp o T+ 2+ MCp T Ty, >0

B, PEICXY @ BERTHZ ZLi3Ex. T

DERIZLY ¢ BELIRATHHILEVE LS,
max (xL,, Lz, ***, Tp) =T
L 4-3) &b
Ao Ty 4+ Aopp Ty 0+ + AT+
F Apn Ty = TNC Ty wvesssenersses (4-6)
TZTUDHOERIOAREEZD L dum 3R,
72130, FRUSATHIETHS, ZZTRD 47
REXVELI D,
Ao i+ Aoz T+ + AT+
F oppTm = Ao MC Ty +eeesssveses -7
bz (4-2) DEAFRZ MAOEBRL Y FOBEKE
# Zw BETHHLEELLD. TD 2 T U O
WAEELZ LizkD
Ao+ Azt dmm+++dmn > domcpm

2B5H 4-8) OELIX0 Ei3ALRD, Zhik C
DEFRAREEZEZNTALLTH S, Thbb

n+ng
0>—-X lcx‘m>a'mcpm

i=n+

< mcl‘pm <7-§+1C‘im>

L7y, C*r OEFEIZEATHS ZLIEHATE
— R RTINS ROBEFEL b o X AMOE
ETHBH, TDXHRIENFTALEOEFEEZ L
ZENbr o,

EEROBEKE AW BT ¢-1) R0
N5 EVHEESEATES, Thik MCp aL
F =R LTI X » T C* LHLITH » THIFRAT
FlefEy EEEAET Z OMNFTIIH L TITRI> DT
H%,

5. 1THIDIEHBEE

D EOEHZ /- MY AEERATH P 2252 LM
TEXT, 0O PizXx v PC*P iIstafdlicie 5 &
LIRRE L2 Z LIt B, bLIZDXHIZLT C* %4
fbEhhidE exp C* BI U exp(t—2,) C* 1T REHICE
EHObTILEMNARELR->TL %, RERD,

Pi(exp C*)P=P"‘(E+C"+%C*z+3i,c*3+...>P
=P“EP+P“C*P+%P—:C*ZP
+L pacE Py
3!
=E+ (P7'C*P) +%(P~*C*P-P—*C*P>
+3#(PRXC*P'P—lC*P-P_‘C*P)+...
=E+(P7'C*P) +2—1| (P-'C*P)?
1 p-
+?(P IC*P)3 4.

— 131 —



ZeXp(PICHP) eeeeeeserssnnninnicenenennenans (5-1)
DAL L (5-1) OAETDIC B THRERE % L 24750i3%t
AT . TN O BB EE TR W TT
FIDRFRITI o TV B OFTHIH AT HIXRE
ENTREROITHIRFEAAEROF LRRI ERE L
DAL RD, RTHFIE 0 B I7uryh—F N
2LLT

PriCHP=(0;j;) wwrreerreeeeerraresananns vees (5-2)
ExtAEh T
(P“C*P)k= (5‘.1.04‘.#) ......................... (5-3)

LBBILTHB, (5-1) mEMRIC 6-3) KERAT
% Z LI X Y HAITH exp(PT'C*P) O i FERIZ

1

ai2+o_'ai3+...:eui ............ (5-4)
9.

1+a,~+%
EEBOBSKBBICESRL bhD, #-T6G-2) Dk
S BEE

P~'(exp C*) P=exp(P~'C*P) = (9, je*) -+ (5-5)

o exXp(CH) =P (8;€5) Pt veeeeeeeenenennn, (5-6)
FkicE 2z

exp((t—£,) C*) =P (0; jexit - 1) P=1 ... 5-7)
»&ELhB,

6. HEBITIOHEZHRE

n REFTF) C* K3 LEY 2 ERETH 2 & - T
P'C*P BSxtA1T5c 72 5 Z & & n BOBEMST 72 EA
FIRY bV Py, Pay vy Pu DEET 5 Z L IISBESC
RoTWb, LITANR PIXzhbIIRs M iit~7c
TR LThbbahs, Thbb

P:(p,, D2y ***y pn) ........................... (6_1)
w¥ROE, p; & C* OREFHE ; ext 3B
fv&L P'C*P 0% j By brE by L3l

b;=P'C*p;=P7'a;P;=0;€; +srrereeres (6-2)
ERBNBTH D, ciZL e; 13 n HEMI RS L TH
B, ZHLT C* 8 Pizk - THALShIZEEED
HMAEHL Cr 0FEIFHEL R > TS, £FLT C* 3%
TAT o bERTHZ00 YRER X7 bAb+T
ERY MV TH B,

BEEBLAVWTHET3HE, P i3 P 2EEYET
LT B H T A—F Uitk o THAELTH TWRELE
bZD C* OFEB RY M IEEWCERT 50 5IFEH
{LLTELEEE e, e, -, e, TR

P-'=!(e, e,, -, €,) (¢: transpose) ---(6-3)
ELTiEIERD bR 5,

IO LS REHRITH P BXO P X ENITHRT
F o@—t) ODEEFENHHATE, T b 2R THE
HERILE S X 0 iR - T3,

WBTFIO G, j) BFEr ¢(@¢—t).; LT L, P, P!
o G, 7)) BROFEHRIC pij, pii7 LT EiHhid
&7 Kb
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¢([_tu)ij=.'bi 1 .I)LVl jeu'(t"')"‘f’i
B p;' j(;uz(f-ln)+...+l,‘.“ [,”—l je""(""o)

n
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TEMPERATURE TRANSITION MATRIX AND
NUMERICAL TIME
INTEGRATION SCHEME BY SPECTRAL
RESOLUTION FOR ANALYSIS OF BUILDING
THERMAL NETWORK SYSTEM

By Hiroyasu Okuyama and Ken-ichi Kimura
Members of A.LJ.

Conventional calculatiog methods such as response factors method require a process to unify the
various thermal response functions that converge in time domain into the whole system, essentially hold-
ing complexity in construction of calculation.

For simple and practical analysis on the building thermal performance, the real building thermal
system is translated into the thermal network by discreting continuous variables and regarding node
temperatures as state variables. In this model the transition matrix, which is considered effective for
analyzing and solving problems on building thermal process dynamics, is introduced here.

The nature of the thermal system is expressed by the vector matrix ordianry differential equation
(2-1) and the solution is derived in the form of Duhamel’s time integration of multi-node system as
shown in eq. (2-23).

Matrix exponential mapping as expressed in eq. (2-24) is called Temperature Transition matrix.
The transition matrix reflects all building thermal process dynamics, and this matrix can be expanded
by projection operator matrices into an explicit form of exponential functions of eigenvalue and time, as
shown in eq. (6-5).

The eigenvalues are proved to be real and negative as shown in Section 4 and consequently stability
of numerical time integration is assured. The time integration is converted into the form of numerical
integration by the recurrence formula as expressed in eq. (7-6) and progresses with the time increase.

This solution gives the precise and correct values with the time coordinate for excitation vector time
function as in eq. (7-1), but some precision errors with space coordinates caused by discreting continuous
variables cannot be avoided. In spite of this disadvantage, the great advantage of this method could be
evaluated in view of the possibility in grasping the thermal behavior of the total system concerned in a

unified manner.
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