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Two ma jor flaws pres ent them selves in the pa per Thakker, A. and Elhemry, M. A.
(2007). 3-D CFD Anal y sis on Ef fect of Hub-to-Tip Ra tio on Per for mance of Im -
pulse Tur bine for Wave En ergy Con ver sion, THERMAL SCIENCE: Vol. 11 (2007),
No. 4, pp. 157-170. 
The first is the form of the non-di men sional per for mance pa ram e ters. These are at
odds with the ac cepted per for mance pa ram e ters for turbomachinery pub lished in
text books, Massey, 1971 and the lit er a ture, Curran et al., 1998, Thakker et al.,
2001. Also the pres ence of mul ti ple geo met ric pa ram e ters in the def i ni tion of the
non-di men sional per for mance pa ram e ters in val i dates the as sump tion of geo met ric
sim i lar ity and also ren ders the com par i son of geo met ri cally dis sim i lar tur bines im -
pos si ble.

In val id ity of non-dimensionalising per for mance pa ram e ters

Page 161 of Thakker and Elhemry, 2007 gives the fol low ing non-di men sional equa -
tions: 
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These were used to non-dimensionalise ex per i men tal and com pu ta tional re sults,
which were then com pared. 
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These equa tions are in valid for the pur pose of non-dimensionalising ex per i men tal re -
sults for turbomachinery. The cor rect equa tions for turbomachinery can be found in other jour -
nal pa pers such as Curran et al., 1998, Thakker et al., 2001. 

Massey, 1971, gives a list of com mon di men sional pa ram e ters which in cludes pa ram e -
ters of the gen er ally ac cepted form for turbomachinery, but those of the form shown above used
in Thakker and Elhemry, 2007, do not ap pear there. Fur ther, the gen er ally ac cepted forms can be 
eas ily ob tained from first prin ci ples. 

Spe cif i cally, the in clu sion of geo met ric pa ram e ters such as blade span, b, chord lr and
the num ber of blades, z, in the dimensionless pa ram e ters un der mines the as sump tion of geo met -
ric sim i lar ity that un der lies the non-dimensionalisation of ex per i men tal data. 

Fur ther, the in clu sion of such pa ram e ters ren ders in valid any com par i son of geo met ri -
cally dis sim i lar tur bines on the ba sis of CT and CA: two geo met ri cally dis sim i lar tur bines with
the same per for mance would ex hibit spu ri ous dif fer ences in CT and CA due to the in clu sion of
the geo met ric pa ram e ters noted above. 

Con sider two tur bine ge om e tries which can be dis tin guished from each other on the
ba sis of the blade chord length, blade span, and num ber of blades. For the pur poses of ar gu ment,
let the per for mance of the tur bines be iden ti cal. When the val ues of CA and CT are cal cu lated ac -
cord ing to the def i ni tions above, dif fer ences at the same value of flow co ef fi cient will be found
due solely to the de pend ence of CA and CT on the de tails of the ge om e try of the tur bines. How -
ever, if the ac cepted forms of non-di men sional pres sure drop and torque are ap plied, no dif fer -
ence in per for mance be tween the tur bines will, cor rectly, be found. 

The forms of non-di men sional torque and pres sure drop pre sented in Thakker and
Elhemry, 2007, have no ba sis in en gi neer ing sci ence. 

In val id ity of com pu ta tional fluid dy nam ics (CFD) re sults

There are two grounds for con cern with the com pu ta tional work: 
(1) The quality of the computational work is justified on the basis of a comparison of

computational and experimental values for efficiency alone. 
(2) Some of the results demonstrate that the work is not grid independent. 

I shall take it that the ab so lute re quire ment for grid in de pend ence is ac cepted. In fig ure
3 in Thakker and Elhemry, 2007, pp. 162, re sults for ef fi ciency vs. flow co ef fi cient ob tained
computationally at dif fer ent grid res o lu tions for three dif fer ent tur bine ge om e tries are pre -
sented. 

It is not suf fi cient to use ef fi ciency to study the grid in de pend ence of the per for mance
of the tur bine, at least one other pa ram e ter would be needed, ei ther a non-di men sional torque or
non-di men sional pres sure drop. More usu ally, non-di men sional torque and non-di men sional
pres sure drop would have been stud ied. 

The rea son that con sid er ing ef fi ciency alone is un sat is fac tory since sub stan tial, but
sim i lar, er rors in torque and pres sure drop would be masked by con sid er ing ef fi ciency only. A
dif fer ence be tween com pu ta tional and ex per i men tal re sults of, say 50% in torque and 50% in
pres sure drop could pro duce a value of ef fi ciency ex actly equal to the ex per i men tal re sults if the
com pu ta tional re sults are in the cor rect pro por tion. The com par i son of one other per for mance
pa ram e ter is re quired to eval u ate the qual ity of the sim u la tion. 

A study of the grid in de pend ence of the re sults is pre sented. Con fus ingly, the au thors
ap pear to pres ent these re sults as dem on strat ing that grid in de pend ence has been achieved
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whereas the re sults are not con sis tent af ter suc ces sive re fine ments of the grid in the case of two
of the ge om e tries. 

In Thakker and Elhemry, 2007, pp. 162, fig. 3(a) shows the re sults for a 0.6 hub-to-tip
ra tio tur bine. The re sults are con sis tent af ter a third re fine ment of the grid, dem on strat ing grid
in de pend ence. Fig ure 3(b) shows the re sults for a 0.55 hub-to-tip ra tio tur bine. The re sults ap -
pear to be quickly di verg ing at the higher grid re fine ment level. These re sults are not grid in de -
pend ent. 

Fig ure 3 (c) shows the re sults for a 0.5 hub-to-tip ra tio tur bine. The re sults are not con -
sis tent af ter suc ces sive re fine ments of the grid, again the re sults ap pear to be quickly di verg ing
at the higher grid re fine ment level. The com pu ta tional re sults are not valid for the 0.5 and the
0.55 hub-to-tip ra tio tur bine geometries.

Con clu sions

Thakker and Elhemry, 2007, con tains se ri ous de fi cien cies re gard ing the
non-dimensionalisation of the ex per i men tal re sults. The form of dimensionless per for mance pa -
ram e ters used are not com pat i ble with the ac cepted forms and can be shown to be in valid. 

The com pu ta tional anal y ses of the fluid flow us ing CFD of the 0.5 and the 0.55
hub-to-tip ra tio tur bine ge om e tries are in valid since they have been shown to be not grid in de -
pend ent.
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