2

Xz

REY TEF det=e] FEW BEE @i

Transient Heat Conduction Through the Ondol Floor and Heat Loss
to the Ground

Soonhoon Bae and Doo Chun Kim

Abstract

For a periodic variation of the flue gas temperature the heat conduction through the
Ondol floor was analysized. Also the heat loss to the ground was estimated. The floor
thermal capacity, as a function of the floor thickness, has strong influence on the
time lag of the temperature variation. It is an important design parameter for inter-
mittent heating. Even for the steady periodic variation, there was significant heat loss

to the ground below the Ondol floor.
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Response Factor Computation Program

PROGRAM ONDOL (INPUT, OUTPUT)
C HEAT FLUX TO ROOM(QR), TO ONDOL(QF) AND TO GROUND(QG) FROM FLUE GAS
COMMON/XX/X(72), Y(72), Z(72)
COMMON /YY/ZPRI(72)
COMMON /ZZ/ BETA(20), XCOM(3,20), COE1(3), COE2(3), N
COMMON /AA/ C(15), D(15,15)
COMM /BB/ ZBAR(72) :
DIMENSION TR (96), TF(96), TB(96), QR (24), QF (24), QG(24)
C TEMPERATURES DURING A DAY - ROOM(TR), FLUE GAS(TF), CHANNEL BOTTOM(TB) AND
C GROUND(TG)

READ 101, PRD, AMPR, AMPF, AMPB, TRM, TFM, TBM
101 FORMAT((7F6.2)

READ 102, DLAY
102 FORMAT (F8.4)

PHI=3. 1415926535

OMEGA=2. *PHI/PRD

DLAG=OMEGA *DLAY

DO 10 I=1,8

TR (I) =AMPR*SIN (OMEGA*I-DLAG) +TRM

TF (I) =AMPF*SIN (OMEGA*I) +TFM
10 TB(I) =AMPB*SIN(OMEGA*I) +TBM

DO 11 L=1, 11

DO 11 J=1,8

LM=L*8+]

TR(IM)=TR()

TF (LM) =TF (J)
11 TB(LM)=TB())
C HEAT FLUX TO ROOM(QR) AND TO ONDOL FLOOR(QF)
CALL RESFL
DO 13 J=1,24
QROOM=0.
QFLOR=0.
DO 14 I=1,72
JK=]—1+73
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QROOM=QROOM+X (I) *TR (JK) — Y (I) *TF (JK)
14 QFLOR=QFLOR-+Y (I)*TR (JK) —Z ) *TF (JK)
QR (J) =QROOM
13 QF(J)=QFLOR
HEAT FLUX TO GROUND WITH INITIAL GROUND TEMPERATURE(TG)
READ 104, NPATH
104 FORMAT(I2)
TG=7.5
IF(NPATH. EQ. 0) GO TO 1001
CALL RESGRM
DO 15 J=1,24
QGRM=0.
DO 16 I=1,72
JK=]—1+73
16 QGRM=QGRM+ZBAR(I)*(TF (JK) —TG)
15 QG(J)=QGRM
GO TO 1002
1001 CONTINUE
CALL RESGRN
DO 17 J=1,24
QGRN=0.
DO 18 I=1,72
JK=J—-73
18 QGRN=QGRN4ZPI(I)*(TB(JK) —TG)
17 QG(J) =QGRN
1002 DONTINUE
PRINT 149, PRD, DLAY
149 FORMAT(/////» 1H, 4X, 13 HPERIOD(HOUR)=, F¢.1,/1H, 4X, 15HTIME LAG(HOUR)=
1F8. 4)
PRINT 150, AMPR, AMPF, AMPB, TRM, TFM, TBM
150 FORMAT (//, 1H, 4X, SHAMPR=, F6.2, 4X, 5HAMPF=, F6.2, 4X, SHAMPB=, F6.2, 4X
14HTRM=, F6.2, 4X, 4HTFM=, F6.2, 4X, 4HTBM=, F6.2)
PRINT 151
151 FORMAT(/////, 1H, 41HTEMPERATURES AND HEAT FLUXES DURING A DAY, ///, iH
14HHOUR, 11X, 2HTR, 13X, 2HTF, 13X, 2HTB, 13X, 2HQR, 13X, 2HQF, 13X, 2HOG)
PRINT 152, ((K, TR(K), TF(K), TB(K), QR(K), QF(K), QG(K)), K=1,24)
152 FORMAT(1H, I4, 6F15.4)
STOP
END

SUBROUTINE RESFL

RESPONSE FACTORS FOR ONDOL FLOOR

COMMON /XX/ X(72), Y(72) Z(72)

COMMON /ZZ/ BETA(20), XCOM(3,20), COF1(3), COE2(3), N

1975% 37 — 11 ZERM AWIR H42 E1H
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30
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COMMON /AA/ C(15), D(15,15)
CALL ROOTSg

DO 21 I=1, N

IF(BETA(I). GT. 25.) GO TO 1111
C(I) =EXP(~-1.0*BETA())

GO TO 21

C@) =0.

CONTINUE

DO 22 I=1,N

D@3, I)=1.

DO 23 J=4,15

DO 24 I=1,N

IF ((J-3) *BETA(I)). GT. 25.) GO TO 1112
D(J, 1) =EXP(—1.0*(J-3)*BETA ()
GO TO 24

D(J,)=o.

CONTINUE

CONTINUE

DO 25 J=1,15

X(J)=0.

KiM=3

CONTINUE

DO 26 I=1,N

CN=C{{) —2.0

CM=XCOM (KIM, Iy *C (I)
X(1)=X1)+CM
X(2)=X(2)+CM*CN

X(1)=X(1) +COE1 (KIM)

X (2) =X (2)+COE2 (KIM)

DO 27 J=3,15

DO 28 I=1, N

CM=XCOM (KIM, I) *C(I)
X(D=X{Q)+CM* (CD**2-2.0*CDH+1.0)*(J. D
CONTINUE

CONTINUE

COMMON RATIO CMR WHEN TIME SERIES IS GREATER THAN 16

CMR=C(1)

DO 29 J=15,71

X (J+1) =X (J) *CMR
GO TO (1,2,3), KIM
CONTINUE

DO 30 J=1,72
Z(h=X{)
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1114 CONTINUE
DO 31 J=1,15
31 X(H=o.
KIM=KIM-1
GO TO 1113
2 CONTINUE
DO 32]=1,72
32 YJE=XD
GO TO 1114
1 CONTINUE
PRINT 251
251 FORMAT (/////, 1H, 32HRESPONSE FACTORS FORONDOL FLOOR,/, 1H, 1X, 1HI, 14X,
14HX (D), 11X, 4HY (D), 11X, 4HZ(D)
PRINT 252, (((I-1),XD.YD,Z{)), I=1, 15)
252 FORMAT(1H, 12, 3X, 3F 15. 7)
PRINT 253, CMR
253 FORMAT (1H, 22X, 4HCMR=, F15.7)
PRINT 254, (((I-1), X(I), YD), Z2A)), I=22,72, 10
254 FORMAT(1H, 12, .3X, 3F 15.7)
RETRN
END

SUBROUTINE RESGRM
RESPONSE FACTORS FOR MULTI-LAYER SEMI-INFINITE GROUND
COMMON /XX/ X(72), Y(72), Z(72)
COMMON /YY/ BETA(20), XCOM(3,20), COE1(3), COE2(3), N
COMMON /AA/ C(15), D(15,15)
COMMON /BB/ ZBAR(72)
CALL RESFL
CALL RESGRN
DO 41 J=1,72
41 ZBAR()=X(J) =Y )**2/(Z(D)+ZPRI(J)
PRINT 351
351 FORMAT (/////, 1H, 39HRESPONSE FACTORS POR MULTI-LAYER GROUND,/, 1H, 8X
14HHOUR, 10X, 4HZBAR)
PRINT 352, (((I-1), ZBAR()), I=],22)
352 FORMAT (1H, 10X, 12, F15.7)
RETURN
END

SUBROUTINE RESGRN
RESPONSE FACTOR FOR NAKED SEMI-INFINTE GROUND
COMMON/YY/ZPRI(72)
READ 401, COND, DIFU
401 FORMAT (2F 10.5)
19754 31 — 13— SRR AUTE B4% B1%
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PHI=3. 1415926535
ZPRI(1(=2. COND* (1./(PHI*DIFU)**(.5
ZPRI(2) =ZPRI(1)*(SQRT(2.)-2.)
DO 51 J=3,72 )
51 ZPRI(J)=ZPRI(1)*(SQRT(FLOAT(]))-2. *SQRT(FLUT(J-1))+SQRT(FLOAT(J-21)))
PRINT 449
449 FORMAT(/////, 1H, 28HTHERMAL FROPERTIES OF GROUND)
PRINT 450, COND, DIFU
450 FORMAT (1H, 4X, 5HCOND=, F¢,2,8X, SHDIFU=, F8.4)
PRINT 451 _
451 FORMAT(///|/, 1H, 33HRESPONSE FACTOPS FOR NAKED GROUND,/, 1H, 8X, HHOUR
110X, 4HZPRI)
PRINT 452, (((I-1), ZPRI()), 1=1,22)
452 FORMAT(IH, 10X, 12, F15. 7)
RETURN
END

SUBRO UTINE ROOTS
ROOTS OF CHARACTERISTIC EQUATION B(P)=(0 BY NEWTON-RAPHSON METHOD
COMMON /ZZ/ BETA(21), XCOM(3,20), COE1(3), COE2(3), N
DIMENSION R(10, 6), A(20,3), B(20,3), F(10,3), FD(10,3), FF(10,4), FFD(10,4), W.(10).
1W2(10), W3(10), W4(10), W5(10)
READ 501, LN, BLDG], BLDG2, BLDG3, BLDG4, BLDG5

501 FORMAT(I5, 45X, 5A4)
MATERIAL NAME, THICKNESS, CONDUCTIVITY AND THERMAL DIFFUSIVTY
READ 502, ((W1(K), W2(K), W3(K), W4K), W5K), R(K, 4), R(,5), R(K,6)), K=11, LN}

512 FORMAT(5A4, 3F10.6)
- RL=0.
DO 61 K=3, LN
RL=RL-+R(, 4)
IF(R(K,6). EQ.0.) GO TO 1131
R, 1)=R(K, 4 /R(K,5)
R(K,2)=R(K, 4)*R(K, 5) /R(K, 6)
GO TO 61

1131 R(K,1)=1./R(K,5)
R(K, 2)=0.

61 CONTINUE
RT=0.
CT=0.
DO 62 K=1, LN
RT=RT+R(K, 1)
CT=CT+R(, 2)

62 R(K,3)=R(,1)*R(K,?2)
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U/1. /RT
I=0
1138 P=o.
MATRIX ELEMENTS F AND ITS DERIVATIVES FD OF EACH LAYER WHEN P=0
DO 63 K=1, LN
F&K, D=1
FK 2)=R&, 1)
F(K, 3)=0.
FD(K, 1)=0.5*R(K, 3)
FD(K,2)=R(,1)*R(K, 3) /6.
63 FD(K,3)=R(,2)
1136 FF(1,1)=F(,1)
FF(1,2)=F(1,2)
FF(1,3)=F(1,3)
FF(1,4)=F(1, 1
FFD(1, 1)=FD(1,1)
FFD(1,2)=FD(1,2)
FFD(1, 3)=FD(1, 3)
FFD(1,4)=FD(1,1)
OVERALL MATRIX ELEMENTS FF AND ITS DERIVATIVES FFD
DO 64 K=2,LN
FF(X, 1)=FF(K-1, D*F(K, 1) +FF(K-1, 2)*F (X, 3)
FF(K,2)=FF(K-1, )*F(K,2)+FF(K-1,2)*F(K, 1)
FF(K, 3)=FF (K-1, 3)*F(K, 1) +FF(K-1,4)*F (K, 3)
FF(K, 4)=FF(K-1, 3)*F (K, 2) +FF (K-1, 4)*F (K, 1) ,
FFD(K, )=FF (K-1, )*FD(X, ) +FFD(K-1, 1)*F (K, 1) +-FF (K-1,2)*FD(XK, 3) -FFD(K-1, 2)*F (K, 3}
FFD(K, 2) =FF(K-1, D *FD(X, 2) +FFD(K-1, 1) *F (X, 2) +-FF (K-1, 2) *FD(K, 1) +FFD (K-1, 2) *F(K, 1)
FFD(K, 3)=FF (K-1, 3)*FD(K, 1) +FFD (K-1, 3)*F (K, 1) +-FF (K-1, 4) *FD(K, 3)4+FFD (K~1, 4)*F (K, 3)
FFD(K, 49 =FF (K-1, 3)*FD(K, 2) +FFD(K-1, 3) +F (K, 2) +FF (K-1, ) *FD (K1) +-FFD (K~1,, )*F(K, 1)
64 CONTINUE
IF(I.LEQ. D. AND. P. EQ. D.) GO TO 1132
1137 BP=FF(LN,2)
BPD=FFD(LN, 2)
IF(1.EQ.D) GO TO 1133
Q1=0.
Q2=1.
DO 65 I1=1,1
Q3=P+4BETA(II)
Q1=Q1+1./Q3
65 Q2=Q2*Q3
BPD=(BPD-BP*Q1)/Q2
BP=BP/Q2
1133 P1=P-BP/BPD
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IF(P1. GE.P) GO TO 1134
P=P]
DO 66 K=1,LN
IF(R(K,2).EQ.D.) GO TO 1135
Q1=SQRT(-P*R(K, 3))
Q2=C0S(Q1)
Q3=SIN(Q1)
F(K, 1)=Q2
F(K,2)=R(K, 1)*Q3/Ql
F(K, 3)=-Q1*Q3/R(K, 1)
FD(K, 1)=0.5*R(K, 3)*Q3/Q1
FD(K, 2)=0.5*R(K, 1)*R(K, 3)* (Q3/01-Q2) /Q1**2
FD(K, 3)=0.5*R(K, 2)*(Q3/Q1+Q2)
GO TO 66
1135 F(K,1)=L
F(K,2)=R(, 1)
F(K, 3)=0.
FD(K, 1)=0.
FD(K, 2) =0.
FD(K, 3)=0.
66 CONTINUE
GO TO 1136
COEFFICIENTS (RESIDUE AT POLE ZERO)
1132 V=FFD(LN, 2)*U**2
COE2(1) =V-FFD(LN, 4)*U
COE2(2)=V
COE2(3) =V-FFD(LN, 1)*U
COE1 (1) =U-COE2(1)
COE1(2) =U-COE2(2)
COE1(3) =U-COE2 (3)

GO TO 1137
1134 I=I+1
BETA(I)=-P1

B, 1)=FF(LN, 4) /FFD(LN, 2)
B(,2)=1./FFD(LN, 2)

B(1, 3)=FF(LN, 1)/FFD(LN, 2)

AL 1)=B(, 1) /P1**2

A(1,2)=B(L,2)/P1¥*2

A(L 3)=B(I, 3) /P1**2

IF(L. LE. 9. AND. BETA(I). LE. 20.) GO TO 1138

N=I
ROOTS AND COEFFICIENTS RELOCATED (RESIDUE AT POLE BETA(I))
DO 67 J=1,N
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551

552

553

554

555

556

557

558
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BETA(J)=ABS(BETA(]))

XCoM(1, =AU 1

XCOM (2, J)=A(],2)

XCOM(3, 1)=A(, 3)

OUTPUT (GIVEN DATA, ROOTS AND COEFFICIENTS)

PRINT 551, LN, BLDG1, BLDG2, BLDG3, BLDG4, BLDG5

FORMAT(1H1, /1H, 3HLN=,12, 80X, 5A4)

PRINT 552

FORMAT (1H, 19HWALL COMPOSITION, //, 1H, 5HNO, '10HMATERIAL, 10X, 8sHTHICKNESS
1L CONDUTIVITY K DIFFUSIVITY A RESISTANCE R CAPACITY C, /," 1H, 27X, 7TH(METER),
17X, 15H(KCAL/M-HR-DEG), 33X, 13H(SQ-METER/HR),3X, 16H(SM-HR-DEG/KCAL), 3X, 13H
2(KCAL/SM-DEG))

PRINT 553, ((W1(K), W2(K), W3(K), W4(K), Ws5(XK), R(K, 4, RK,5, R(K6), RK1),
1R(K,2)),K=1,LN)

FORMAT (1H, 5A4, 10Y, F8.4, 10X, F8.4, 7X, F9.6, 11X, F8.4, 8X, F8.4)

PRINT 554, RL,U, RT, CT

FORMAT(1H, 3X, sHTOAL, 20X, 2HL=, F8.4, 8X, 2HU=, F8.4, 25X, 2HR=, F8.4, 6X,
12HC=, F8.4,///)

PRINT 555
FORMAT (1H, 15HROOTS OF B(P)=0, 10X, 32 HCOEFFICIENTSAT POLES OF BETA (I),23X,

121HRESIDUES AT POLE ZERO,/, 1H, 1X, 1HI, 9X, 4HBETA, 10X, 10HAX(KANRYU), 5%,
210HAY (HUBYOL), 5X, 10HAZ(REJECT))

PRINT 556, COE1(1), COEL(2), COE1(3)

FORMAT (1H, 77X, 3HXD=, F10.5,2X,3HYD=, F10.5, 2X, 3HZD=, F10.5)

PRINT 557, COE2(1), COE2(2), COE2(3)

FORMAT(1H, 77X, 3HX1=, F10.5 2X,3HYl=, F10.5 2X, 3HZl=, F10.5)

PRINT 558, (J, BETA(]), (A(J, M), M=1,3), J=11)

FORMAT(1H, I2,3X, F10.5 10X, F10.5 5X, F10.5 5X, F10.5)

RETURN

END

19754 3A =17 = ERAT - HHEITE B4E BN



