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The sentence in Sec. IIA of Stephanou1 “Considering the typical val-
ues 2a¼ 7.5lm and VRBC ¼ 90lm3, we must consider c ¼ 3.06lm.”
should be replaced by “If we, then, consider the typical values
2a¼ 7.5lm andVRBC ¼ 90lm3, we must consider 2c ¼ 3.06lm.”

Also, the sentence “In the following, we make the choice
g ¼ �kC that duly satisfies the requirement that the Poisson bracket
fulfills the Jacobi identity” just after Eq. (10) in Sec. II C should
be replaced by “In the following, we make the choice g ¼ �2k S=trSð Þ
¼ �2k B=trBð Þ, which duly satisfies the requirement that the Poisson
bracket fulfills the Jacobi identity.” This change, which also slightly
modifies the predictions as we will illustrate below, stems from the fact
that the choice g ¼ �kC is not thermodynamically admissible,
whereas g ¼ �2k S=trSð Þ is. In more detail, as illustrated by €Ottinger,2

when g ¼ g1Bþ g2I þ g3B�1 with, in general, gk ¼ gk k; I1; I2; I3ð Þ;
k ¼ f1; 2; 3g, where I1 ¼ trB; I2 ¼ lndetB; and I3 ¼ �trB�1 are the
three invariants of the dimensionless unconstrained conformation
tensor B, then the following constrains should hold:

g1
@g2
@k
� g2

@g1
@k
¼ 2

@g1
@I2
� @g2
@I1

� �
;

g1
@g3
@k
� g3

@g1
@k
¼ 2

@g1
@I3
� @g3
@I1

� �
;

g2
@g3
@k
� g3

@g2
@k
¼ 2

@g2
@I3
� @g3
@I1

� �
:

(E1)

Since S ¼ B= detBð Þ1=3 and C ¼ S � S�1eq , the expression originally
considered g ¼ �kC means that g1 ¼ g1 k; I3ð Þ and g2 ¼ g3 ¼ 0;
which, however, is forbidden by Eq. (E1). On the other hand, the new
expression g ¼ �2k S=trSð Þ ¼ �2k B=trBð Þmeans that g1 ¼ g1 k; I1ð Þ
and g2 ¼ g3 ¼ 0; which is permitted by Eq. (E1).

Equation (15a) should be
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Equation (16) should be
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Equation (17) should be
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Due to this correction regarding the expression for g, some predictions
presented in Figs. 2–8 of Stephanou1 are in error. The corrected figures
are shown in Figs. 2–8 below. The new choice of g induces a lesser
dependence of the e parameter on the shear stress and shear viscosity
predictions (Figs. 2 and 3). Furthermore, the new choice of g leads to
similar predictions for N1 and �N2 as illustrated in Figs. 4 and 5.

Phys. Fluids 33, 039901 (2021); doi: 10.1063/5.0043721 33, 039901-1

Published under license by AIP Publishing

Physics of Fluids ERRATUM scitation.org/journal/phf

https://doi.org/10.1063/5.0043721
https://doi.org/10.1063/5.0043721
https://www.scitation.org/action/showCitFormats?type=show&doi=10.1063/5.0043721
http://crossmark.crossref.org/dialog/?doi=10.1063/5.0043721&domain=pdf&date_stamp=2021-03-18
https://orcid.org/0000-0003-3182-0581
mailto:pavlos.stefanou@cut.ac.cy
https://doi.org/10.1063/5.0043721
https://scitation.org/journal/phf


In particular, the parameter e is now seen to induce similar changes in
the predictions of bothN1 and�N2. Also, by increasing the parameter
n the effect on�N2 is not a simple shift upwards.

Note that the value of some parameters has been modified.
Specifically, in Fig. 2 the value of n¼ 0.05 instead of n ¼ 0.1 was

employed to provide the predictions depicted in orange and dark
yellow, respectively; in Figs. 4 and 5, the value of n¼ 0.05 instead of
n¼ 0.1 was employed to provide the prediction depicted in orange;
and in Fig. 6, the value of n¼ 0.02 instead of n¼ 0.05 was employed
to provide the prediction depicted in orange.

FIG. 2. Model predictions for the dimensionless (a) shear stress and (b) shear viscosity as a function of Ca for various values of the parameters n; f0; and e while keeping
kg ¼ 2:5; Ht ¼ 0:4; and Htm ¼ 0:72 fixed. The dotted line in panel (a) depicts the Newtonian contribution of PðHt; kgÞCa.

FIG. 3. Model predictions for the dimensionless (a) shear stress and (b) shear viscosity as a function of Ca for various values of the parameters e;Ht; and kg while keeping
n ¼ 0:01; f0 ¼ 1; and Htm ¼ 0:72 fixed.

FIG. 4. Model predictions for the dimensionless (a) first normal stress difference and (b) first normal stress coefficient as a function of Ca for various values of the model
parameters n and e:
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The comparison with experimental data is depicted in Figs. 7
and 8. Note that in Fig. 8, the value of f0¼ 4.5 instead of f0¼ 4.2 was
employed. We believe that it is important to stress the significance of
each of the model parameters and clarify which can be considered as
adjustable parameters. Overall, there are four parameters (the slip/
nonaffine parameter n, the ratio between the two relaxation times,
e ¼ sk=sS, which controls the appearance of a yield point, the parame-
ter f0, and the characteristic relaxation time related to the

deformability of a RBC, sS) that are freely adjusted to fit experimental
data and three more (the hematocrit Ht, the ratio between the internal
and external viscosities, kg, and the solvent viscosity, gSÞ that should
be available from the experimental setup. The slip/nonaffine parame-
ter, in particular, controls the form of the Johnson–Segalman (JS) time
derivative given in Eq. (15b) of Stephanou:1 when interested in incom-
pressible and homogeneous flows, for n ¼ 0, the JS time derivative
reduces to the upper-convected Maxwell time derivative, for n ¼ 1 to

FIG. 5. Model predictions for the negative dimensionless (a) second normal stress difference and (b) second normal stress coefficient as a function of Ca for various values of
the model parameters n and e:

FIG. 6. Growth of the dimensionless (a) shear viscosity, (b) first normal stress coefficient, and (c) second normal stress coefficient upon the inception of simple shear flow at
different Ca for various values of the parameters n and e:
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the corotational time derivative, whereas for n ¼ 2 to the lower-
convected Maxwell time derivative. In the extreme case n ¼ 1, upon
inception of flow the RBCs would immediately start tumbling without
deforming, meaning that the elastic contribution to the stress vanishes.
For n > 0, tumbling occurs after some critical shear rate is reached,
which also results in the appearance of a dumping behavior, i.e., the
appearance of an undershoot following the overshoot, in the transient
material functions at sufficiently large shear rates (see Fig. 6), as also
noted in the case of the transient shear viscosity of polymer solutions
(see Stephanou et al.5) The normal blood data reported by Sousa
et al.3 state that the hematocrit of the sample prepared is Ht ¼ 41:6%,
whereas Bureau et al.4 do not report it; for this reason, when compar-
ing against the experimental data of Bureau et al.4 we assume a physio-
logical value of Ht ¼ 45%. Also, we consider the average value of
kg ¼ 5, whereas the value of the plasma viscosity gS is taken from lit-
erature values. The value of n is chosen small enough to avoid spurious
oscillations in the transient behavior of both S and the material func-
tions. When comparing model predictions with the experimental data,
we simply consider n ¼ 0:01. The remaining three parameters
e; f0; sSð Þ are selected to best fit the experimental data.

As a final comment, we should point out that RBCs do not only
tumble but a wealth of dynamical states have been noted experimen-
tally, such as tank-treading and rolling;6 in addition, simulation7,8 and
experimental studies9 in single cell dynamics have shown that the tran-
sition between these dynamical states depends on the viscosity ratio,
kg: when kg ¼ 1 a tumbling to tank-treading behavior is expected as
the shear rate increases, while when kg ¼ 5 more severe shape changes
are expected. Recent smoothed dissipative particle dynamics simula-
tions7 have also indicated that tumbling is hindered in concentrated
suspensions. These conclusions point to the fact that the slip

parameter should actually be a function of other parameters, such as
the hematocrit and the viscosity ratio.

Finally, the sentence at the end of Sec. IV of Stephanou1

“considering e¼ 30, f0¼ 4.2,” should be replaced by “considering
e¼ 30, f0¼ 4.5.”
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FIG. 7. Comparison of the model predictions (red line) for the shear stress with the
experimental rheological data at T¼ 37 �C (circles) of the blood of donor A from
Sousa et al.3 with Ht¼ 0.416. Here, Htm¼ 0.72, gS¼ 1.2 mPa s, kg¼ 5, n
¼ 0.01, e ¼ 5, f0 ¼ 1, and sS ¼ 0.06 s.

FIG. 8. Comparison of the model predictions (continuous red line) with the experi-
mental step-change in shear rate data (dashed black line) of normal blood sample
5 of Bureau et al.4 at T¼ 25 �C. Here, Ht¼0.45, Htm¼ 0.72, gS¼ 1.8 mPa s,
kg¼ 5, n¼ 0.01, e¼ 30, f0¼ 4.5, and sS ¼ 1 s.
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