
A Mes sage from the Guest Ed i tor

A  BRIEF  APPRAISAL  OF  THE  GOODMAN  METHOD  WITH  SOME
PERSONAL  STANDPOINTS

Dear read ers, this is sue of the jour nal Ther mal Sci ence con tains 11 pa pers em ploy ing
the Good man heat-bal ance in te gral method (HBIM) in so lu tion of va ri ety of prob lems.  The idea 
to cre ate this col lec tion came to my mind in 2007 when I solved a spe cific prob lem per ti nent to
heat trans fer prob lems of the fire boil over – see Ther mal Sci ence, vol. 11 (2007), is sue 2. Even
though the method is sim ple and al most 50 years old, the prob lem solved and the so lu tion out -
comes en cour aged me to do a deep look what was pub lished for 50 years. The re sult of this was
as ton ish ing amount of ar ti cles em ploy ing di rectly or to some ex tent the HBIM. In the jour nals of 
Elsevier, for ex am ple, there were pub lished of 450 ar ti cles ap prox i mately em ploy ing this amaz -
ing method. Then, the idea to cre ate a spe cial is sue ded i cated to the 50th an ni ver sary of the
Good man method was re al ized and ap proved by the Ed i tor-in-chief. The col lec tion of ar ti cles
was not easy but fi nally, I am glad that the dream came true. In fact this spe cial is sue is a unique
col lec tion of ar ti cles de voted to HBIM ever cre ated for 50 years since the sem i nal Good man ar -
ti cle in 1958.  

Com monly the ed i to rial mes sages stress the at ten tion how great is the prob lem at is -
sue. I will avoid this point since ev ery body work ing on ap prox i mate an a lyt i cal so lu tions of dif -
fu sion equa tions knows the im por tance of HBIM and the prob lems solved by it. I will re fer to
some mo ments, which try to high light the phys i cal back ground of the method rather than the
math e mat i cal tricks. I will ex press some per sonal stand points which might be ac cepted or re -
jected by the read ers, but they mainly try to ex plain that the phys ics be hind each math e mat i cal
model should be clear and well de fined. 

The Good man method is sim ple as a math e mat i cal idea. How ever, be hind its for mal
sim plic ity there is a deep un der stand ing of the phys ics of heat dif fu sion pro cess. The con ven -
tional con sti tu tive equa tions of Fou rier and Fick re late ir re vers ible diffusional fluxes of heat
and mass, re spec tively, to gra di ents of tem per a ture and con cen tra tions. Com bin ing these with
con ser va tion laws leads to par a bolic equa tions of change. How ever, all stan dard equa tions
with par a bolic terms have a non-phys i cal prop erty: a dis tur bance at any point in the me dium is
felt in stantly at ev ery other point; that is, the ve loc ity of prop a ga tion of dis tur bances is in fi nite.
This par a dox is clear, in the sim ple case of heat con duc tion in semi-in fi nite solid whose sur face
tem per a ture may sud denly in crease from T = 0 to a con stant non-zero Tsur face. The clas si cal ex -
act so lu tion of Carslaw and Ea ger is ex pressed through er ror in te gral and pro vides T = 0 at the
time t = 0, but for any ar bi trary short time and ar bi trate large dis tance x from the wall, the tem -
per a ture T(x, t) is non-van ish ing, im ply ing in fi nitely fast prop a ga tion of the dis tur bances. This
non-phys i cal be hav iour has been pointed by many au thors and the di lemma has been re solved
by ac cep tance of the con cept of flux re lax ation lead ing to the hy per bolic Cattaneo equa tion.
While hy per bolic rather than par a bolic equa tions are used, the wall heat flux does not start in -
stan ta neously, but rater grows grad u ally with a rate which de pends on the re lax ation time con -
stant. Af ter some time the wall heat flux reaches a max i mum and then de creases, sim i lar to the
Fou rier case. How ever, the hy per bolic case of heat ing of a semi-in fi nite has a quite re al is tic

THERMAL  SCIENCE: Vol. 13 (2009), No. 2, pp. 7-9 7



fea ture: two re gions ex ist in a solid; the first in which the heat trans fer has al ready taken place
(dis turbed re gion) and the sec ond where the dis tur bances is not yet pres ent (un dis turbed re -
gion). In con trast, the Fou rier the ory pre dicts the ap pear ance of the dis tur bances ev ery where,
even for dis tance in the un dis turbed re gion, which is of course a non-phys i cal be hav iour. 

This pre ced ing note on the prop er ties of the hy per bolic and the par a bolic equa tions
and their phys i cal ad e qua cies was es pe cially in serted in the Pref ace. The Good man method has
three ba sic in no va tions: (1) Phys i cal one, i. e. def i ni tion of the heat pen e tra tion depth, com ing
from the hy per bolic model. This al lows the non-phys i cal par a bolic model to be re paired by a
sim ple tool, the pen e tra tion depth; (2) Clas si cal math e mat i cal ap proach to solve ap prox i -
mately dif fer en tial equa tions by ex pres sion of the so lu tions as se ries; (3) The av er ag ing of the
heat en ergy over the dis turbed re gion, which is a phys i cal prin ci ple, but al lows the Leibniz rule
to be ap plied. The fi nal re sult is well-known. 

In the ex ist ing lit er a ture on HBIM, the au thors usu ally men tion that the Good man
method co mes from the idea of the Karman-Polhausen in te gral method (KPIM) ap plied to solve
the bound ary layer prob lems. How ever, to my point of view this is not en tirely true. The KPIM
uses mainly the two last steps, while the heat pen e tra tion depth is a con cept com ing mainly from
the true hy per bolic model (and the phys ics of the dif fu sion pro cess, of course) rather that the
par a bolic Fou rier the ory. Hence, the HBIM might be con sid ered as a suc cess ful re pair ing of the
par a bolic model by a purely phys i cally based con cept of the pen e tra tion depth.

The com mon com plain against the HBIM re fers to the ar bi trary choice of the func tion
used to ap prox i mate the tem per a ture dis tri bu tion in the dis turbed re gion. This could be con sid -
ered as a mat ter of ar gu ments. We have two op tions: (1) to use the par a bolic Fou rier the ory and
the er ror-func tion so lu tions, both non-phys i cal and no-ex act, since the er ror func tion so lu tion is 
also an ap prox i ma tion, and (2) to sim plify the ex pres sion of the pro file and ap ply an ad e quate
phys i cal re stric tion through the def i ni tion of the heat pen e tra tion depth. To my per sonal point of
view, the Good man method drew the re al is tic way to solve com plex prob lems via the sec ond ap -
proach. We have to re mem ber that many com plex prob lems per ti nent to Stefan prob lems with
prac ti cal im por tance in the field of mass trans fer, so lid i fi ca tion, and ther mal pro tec tion of rock -
ets and spacecrafts were solved by the in ex act Good man method.  

These com plain ad dress mainly the math e mat i cal in ex act ness of HBIM and do not re -
fer the phys ics be hind it. The com mon ap proach is to cal i brate the HBIM so lu tion to the ex act
ones ex pressed through the er ror in te gral. The com mon ques tion is: why we have to cal i brate the 
ap prox i mate so lu tion, when the ex act one al ready ex ists. The an swer is straight for ward; the
HBIM so lu tion is prac ti cal, while that as sumed as ex act is hard to han dle in ap pli ca tions. To be
ex act and cor rect with re spect to the schol ars work ing on HBIM this per sonal stand point could
be ex pressed sim ply: the is sue is not to get a so lu tion of a cer tain prob lem, but how it can be used 
af ter that. The first part of this ide ol ogy re fers to the math e mat i cal ap proach, while the sec ond
one, the prac ti cal side of the so lu tion im ple men ta tion. The HBIM de rived so lu tions are more
prac ti cal rather than those con sid ered as ex act so lu tions. The cal i brated ap prox i mated so lu tion
can be used many times with out a sig nif i cant loss of ex act ness, which is quite im por tant when
sub rou tines of large com puter codes have to be cre ated.  How ever, the prob lem ad dress ing the
ex act ness of the so lu tion still re mains.

The pres ent col lec tion of ar ti cles shows dif fer ent ap proaches to im prove the Good man 
method through:
· refining mathematical tools addressing the approximating functions and the numerical

methods, and
· additional constraints based on first thermodynamic principles.
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To my per sonal point of view this col lec tion of ar ti cles is a wor thy work done by the
en tire team of the au thors. As Guest ed i tor, an other im por tant ob jec tive of this spe cial is sue was
to up date the in for ma tion about the cur rent sta tus of the Good man method and to make it use ful
for novel re search ers and ex perts. In this sense, I ex pect that the ar ti cles in cluded here could pro -
vide a good ini tial point for those start ing their re search in the ap prox i mate so lu tion of dif fu sion
equa tions and, at the same time, they could be a good re view of some ad vances in the Good man
method of heat-bal ance in te gral.

I wish to thank the au thors for their will ing ness to con trib ute to this spe cial is sue of the
jour nal Ther mal Sci ence ded i cated to the 50th an ni ver sary of the Good man method and the ref er -
ees who re viewed the qual ity of the sub mit ted con tri bu tions. Last but not least, I ex press my
grat i tude to Ex ec u tive ed i tor, Dr. Vukman Baki} who, in fact, did the en tire work on the is sue
com ple tion in time. Fi nally, a spe cial word of thanks goes to the Ed i tor-in-chief, Prof. Sim eon
Oka for the en cour age ment and sup port of my idea to cre ate this spe cial is sue. 

May 2009 Jor dan Hristov 
De part ment of Chem i cal En gi neer ing 

Uni ver sity of Chem i cal Tech nol ogy and Met al lurgy
So fia, Bul garia 
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