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COMPUTER PROGRAMME FOR PHILIPS NUMERICAL SOLUTION
OF EQUATIONS OF THE DIFFUSION TYPE WITH
DIFFOSIVITY CONCENTRATION-DEPENDENT

A. ¥, Nielsen
Thermal Insulation Laboratory

Technical University of Denmark

This programme gives a solution to the equation:

where the diffusivity (D} is known in dependence of the poten=-
tial (v). It could be used for thermal problems, where D is
the thermal diffusivity, x is the place, ¥ 1s the temperature
and t is the time, and for Water intake in materials, where

D is the moisture diffusivity and ¢ is the moisture content.
Other problems could also be solved with the same equation.

In the following we will use the water intake as an example.

The initial condition is a constant moisture content (wo).
The length in the positive x=dirvection is supposed infinite.
At the time t=0 the material is brought in contact with water
at x=0, and the input is maintained for all t>0 at a constant

moisture content (Y ).
pocd

When D(¢) is known the problem is to find the moisture content
for any x and t. This is done by using the Boltzmann trans-
formation A = x-t “., 7The problem is solved by an iteration
method, where A {¢) is calculated from D(¥). When A(y) is

found the moisture distribution is found from:

5

x o= )BT, E = kg, by, ty



The description of thig iteration method is omitted here,

as it could be found in Philips, J.R. 1955: Numerical solu-

tion of equations of the diffusion type with diffusivity

concentration~devendent. Trans. Faraday Soc., vol. 51,

p 885=~892, or Kirkham, D. and W.L. Powers: Advanced Soil

Physics, p 287-319.

The computer programme has been written in FORTRAN IV, and
has been run at the computing center NEUCC, the Technical
University of Denmark. It is done on a IBM 370/165 with a
CALCOMP plotter. The time used for running is app. 6 sec
with plotter (CLASS=A). If the plotter part of the programme
is omitted (the part between the two comment cards in the
list of the programme) it will take app. 1 sec (CLASS=W).

The class information and the time are not the same for other
centers. It could also be necessary to rewrite the plotter

part for use in other places.

v

The next pages give a list of the programme:
Ppacg J
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AC=DLY+10e

CALL SYMBOL{CasAA 0o s TOVs a4}

CAlLL SYMBOL{OesABsDooTOW U 0943}

AD:FLUAT(NLDG)

Call, SYMBOL(GesAC 356 32l HLOWER LUGe VALUE 10%%:0es21)
CALL NUMBED R(llewsACeraADyJasﬂl)

CALL KURVE(TsDMHoaNRsLIsAMAAL s YMAAL s as oo~ 1s001e0)
CALL PARALF(200es0e)

TSReOReDHIKI o LT TFX) JI=JJ~1
TSXeDRaDH{K)al.TaTFX) G3 TO 42

CONT [ NUE

IF(JN.LE«2) GO TUO a1l
XMAARL=TLX/(TSX=TFX)

YMAAL=TLY/{TSY~TFY}

LIT=-1

CALL KURIVE(BL ,RH, JNy1 XMAALeYMAALvTFX TFYSLITS I’lou)

CONT INUE

TAN=TFX#{TSX-TFX)}/TIX

AF={TEN=-TFXI%RTIX/TLX

CALL AXE(DoesiesTLXs o s TRFX g TXNeXFeTTXs1 87 3251 6elo)
TYN=TFY+{(TSY-TFY)/TIY :
YF2{TYN=-TFYI%XTIY/TLY

CALL AXC(O@;U»,TLYQgJe»TFY@TYN YFsTTYls 1 Qsloglt)
CALL PLTEND

T=1,NR)

INPUT DATA =1)




Input data cards for the programme:

1. card
2. card

3. card

4. card

R+1 card

R+2 card

R+4+3 card

col 1-40 (10Aa4) +text first line of heading.

col 1-40 (10A4) text second line of heading.

col 1-5 (1I5) number of diffusivity values.

col 6-=15 (F10.5) multiplication factor of diffusivity.
col 16=-25 (F10.5) saturated moisture content.

col 26-=35 (F10.5) initial moisture content.

col 36-45 (F10.5) maximum error in the iteration
(for the I-value).

col 1-10 (F10.5) moisture content.

col 11-20 (F10.5) diffusivity [L?/T]

card 1like 4. card.

The total number of cards, moisture content versus
diffusivity, should be as defined in card 3, col 1-5.
The card should be placed in the order of decreasing
value of moisture content. The difference in moisture

content between two succeeding cards should be the same.

The times when the moisture distribution is to be
calculated. The time in min, sec and hours in which
the diffusivity is given. Ten time values [T7.

col 1-8 (F8 .3y first time.

col 9-16 (F8.3) second time,

and so on, totally 10F8.3.

x-axis for the moisture distribution plot.
col 5-8 (F4.0) length of axis in mm.

col 9-14 (r6.3) first value (length [LJ),
col 15-20 (F6.3) last value (length [L7).
col 21-24 (F4.0) number of intervals.

col 25-28 (F4.0) size of numbers in mm.

y~axis for the moisture distribution plot.

col 5-8 (F4.0) length of axis in mm.

col 9-14 (F6.3) first value (moisture content).
col 15-20 (¥F6.3) last value (moisture content).
col 21-24 (F4.0) number of intervals

col 25-28 (F4,0) size of numbers in mm.



R+4 card x-axis for the diffusivity plot.
col 5-8 (F4.0) length of axis in mm.
col 9-14 (F6.3) first value (moisture content).
col 15-20 (¥6.3) last value (moisture content).
col 21-24 (F4.0) number of intervals.
col 25-28 (F4.0) size of numbers in mm.

R+5 card y=axis for the diffusivity plot,
3 decades logarithmic scale.
col 5-8 (F4.0) length of axis in mm.

col 9-13 (I5) exponent (a) for the lower loga-
rithmic value.

The axis is defined from 10a to 10a+3~

WATER DIFFUSIVITY CM2/MIN
PHILIP{1955) EXAMPLE 1
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The printer output is seen on next page and consists of:

The input data.

The number of iterations used to solve the equation is found.

For the moisture contents are found the A-values and the I-values.
For the given times is for each moisture content found the
x=value (place).

At last is given the wvalues for the plotting.

The plotter output is shown in some of the examples.




PHILIP SOLUTION FOR HORIZONTAL JNFILTRATION

MUMBER OF VALUES =

MAX VALUE MOISTURE CONTENT
"MIN VALUE MOISTURE CONTENT =00

11

WATER DIFFUSIVITY CM2/MIN
PHILIP(1955) EXAMPLE 1
NUMBER OF ITERATIONS

MOISTURE CONTENT
0o 10000E 01
DQDGOOE 00
0.B0000E 00
0.70000E 00
0.60000E 00
0.30006E 00
D+40D00E 00
0.30000E 00
0.20000E 00
0.10000E 00

Qe

MOISTURE

00200
0,800
0700
0600
0500
0400
00300
02200

o230 -

200
1,217
2463
36772
5190
60793
6913
7:066
7275
Zob11

PLOT OF DIFFUSIVITY

LENGTH{ MM)
Y 200

LENGTH{MM)
X 100,

LENGTH (MM}

25Ce
LONGYH(MM)

Y 200

L.OG SCALE
1C0%%(

FIRST(X)

Qoly
PLOT OF MOISTURE CONTENT VERSUS PLACE

FIRST(X)

Qal
FIRSY (M)

Col

EPLOTE I SROUTINE=PLTEND;MESSAGE=PLOTTING TLRMINATLD;
VALUES=ESTIMATED PLOTTIME:=

ESTIMATLD NOPLOTTIME:
DIMENSION UF DRAWING:

=0.100000E 01

DIFFUSIVITY
0616060L 02
0s16D00E 02
06 16000E 02
0e16000E 02
0016000E 02
0eBSO0OE 01
0e10G00E 01
0.10000E O}
0.10000E C1
0+1000GE 01
0e10000E 01
X=VALUES AT THE TIMES GIVEN IN NEXT LINSZ

460
1.721
3,484
5,334
70340
9,606
9,777
9993

100288

10764

Qe
20582
5e225
8.002

11010
140410
14,666
14989
15,432
166146

0) MIN VALUE

LAST(X)
1.000

LAST(X)

254000
LAST(M)

1.000C

INTER

INTER

ITNTER

o

LAMBDA

0s0
Ce86069E 0D

0s17418t 01
0266728 01
0o36701E 01

Co48032E 01

0e4B886cL 01

Ue89964E 01}

0:s51440E 01}

0e53819E 01

1660
3:443
©.967

10.669
14,680
19213
12:554
1934980
20576
21.527

2500
40303
8s709

13,336
184350
24.016
240443
240982
25.720
260909

VAL ST ZE (MM)

Se 4o

VAL STLZE(MM)

5e 4 e
VAL GLZE(MM)

Se 4o

I MINNbYe
MINSs

o
0

42 ® 79 CM

I-VALUE

Ce37179E 02
C.36319E 02
Qe 34S77E 02
0.31910E 02
0.,28240E 02
Coe23436E 02

0.18548E 02
0, 135S1E ¢2
0.84074E 01
0.30288E 01}

3640
5,164
10s451
16,003
220020
28.819
294331
290978
30.864
32291

4940
6.025
12,192
18,671
256691
336623
340220
340975
36.008
37.673

6440
6886
13,934
21338
23361
386426
39.109

35,971 .

41s152
43,055

aloolg

S Te 786,
15,676
24,005
33,031

43,229

43997
18959064
B1sa80
B389

44968

460296

486437

*

... 1000

80607
17e418

268672
. 36701

48,032
48,886
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Calculations of free-water intake on cellular concrete

The 3 next examples are an illustration of the use of the com-
puter programme to get moisture distributions for different

diffusivity curves.

The first example shows the calculation for a straight line
connexion in a logarithmic scale. The diffusivity values are
in the correct magnitude. The moisture diffusivity is found
for the time t=2h, 4h, 9%h, 16h, 25h, 36h, 49%h, 64h, 81h and
100h.

The second example shows calculations with diffusivity found
in van der Kooi: Moisture Transfer in Cellular Concrete Roofs,
Delft 1971. The same example as he uses in his computer pro-
gramme. The moisture "front" is seen to be more vertical
than in the first example. The rate of water intake is much

lower.

The third example shows calculations of diffusivity found by
Bo'S¢gaard Nielsen in his unpublished diploma work at the
Thermal Insulation Laboratory 1975. The diffusivity curve has
been found from free-water intake experiments. The calculated’
moisture content from this curve shows a good correlation with
experimental results, see last page. This is a little sur-
prising, as the length of the specimen is 15 cm, and the theory
is assuming infinite length.



g L ; . - ; e L e e i

(wy 02 sr or- sor oo 0s* ©OF" OC° 0Z° OI° 00°C
aoe1d " . . . 0070 .mE\mE . . . “
80
8 o ler  lee lsz et e v |z |
L ozre |
i
N
~ -
m 1 8l
i
- 5 Oml
(u/ 1) aus3uco . . !
e ¢™ samystow  9- ¥%07 3N78A "907 Y3MDT
A ¢ 31dWHx3

H/7CW ALTAISNA4I0 HILuM




13

SI°

0

S0°

‘AEV soetd

(S N 05 0y° OC" 02" OI° 00°0
DO D AME\MEV + $ %

S0°

9Ti6 ¥ |C

¢’

er-

v

819

(/) 3053000 9-  *xD[ 3NTBA "907 YIMD]
3NTBA H3LNJWDI 100Y H3Q NuA
H/CW ALTATSNA4I0 Y31uh



¢~ 51° or- S0 000 g oy 0L 0¢ OI° 00°C

kg

. “ . 00" 4 . , ,
G (u/ )

{ur) momam

80°

18 79 \ 67 | 9¢ 514 19T 6 v i<

¢l

14

e

AME\MEV 3US3UOD BINASTOU g9- #x0] INTIHA 907 H3IMO0
NIST3IIN dys$368S 0d
H/CW ALTATSNA410 Y3LBM



15

Kbt omanicsn: Lommitnd

4

o

;
H
!

£ ]

- I P

i H

: i

* H

i O 5 .

I " :

i

7

}

L S S

{ s
. ¥
L
€
fn

| \\\~ w
et e i - o
by
M -~
" e -
o~ i ;
” !
/m\ e e b
° e S
& 4
o B o :
2 a e e e T LI SO T : [ SR
43 R ’ ; T
a
@]
8]

mois

height (mm)

le

Free-water intake on cellular concrete measured by gamma=-ray-
by Bo Sg¢gaard Nielsen.
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