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Abstract: Two combustible mixtures, H2-O2-Ar and H2-O2-N2, are widely used in
detonation research, but only the latter has been employed in oblique detonation wave
(ODW) studies. In this study, ODWs in H2-O2-Ar are simulated to investigate their
structural characteristics using reactive Euler equations with a detailed chemistry model.
Similar to ODWs in H2-O2-N2 mixtures, two observed structures are dependent on
incident Mach numbers. However, in mixtures of 2H>+O>+7Ar, the structures are
sensitive to inflow static pressure Po, different from the structures in H2-O2-N2 mixtures.
Based on flow field analysis, the ratio of induction and heat release zone lengths R is
proposed to model the difference induced by dilution gas. Generally, R;. is large in N2
diluted mixtures but small in Ar diluted mixtures. Low R indicates that induction is
comparable with the heat release zone and easily changed, resulting in pressure-
sensitive structures. When the dilution gas changes gradually from N2 to Ar, the ratio
R increases slowly at first and then declines rapidly to approach a constant. The
variation rule of R is analyzed and compared with results from calculations of a
constant volume explosion, demonstrating how different dilution gases influence ODW

structures.
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1. Introduction

Premixed combustible mixtures contain two kinds of combustion waves,
detonation and deflagration waves [1]. Detonation waves propagate at a supersonic
speed, achieving self-ignition combustion behind the leading shock. Due to
compression of the leading shock, successive combustion achieves high thermal
efficiency as a form of pressure-gain combustion. Therefore, replacing deflagration
with detonation in engines may benefit the propulsion system from a theoretical
perspective. Recently, detonation-based combustion has attracted increasing attention

due to its potential use in aeronautics and astronautics propulsion [2-5].
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Fig. 1 Sketch of ODW structures: (a) abrupt transition and (b) and smooth transition.

The oblique detonation engine, also called a shock-induced combustion ramjet, is a
propulsion device based on the oblique detonation wave (ODW). To facilitate
application, fundamental studies on ODWs have been performed to understand
underlying coupling of the oblique shock wave (OSW) and heat release. In early studies
(e.g., [6]), ODW structures were usually simplified as an OSW coupled with an instant
post-shock heat release. However, later studies [7-11] demonstrated that the ODW
surface is composed of a non-reactive OSW before an oblique detonation surface forms.
Two detailed ODW structures exist as shown in Fig. 1. One is an abrupt transition,
featuring a multi-wave point, and the other is a smooth transition featuring curved shock.
Besides wave morphology, several studies have focused on local structures on ODW
surfaces, illustrating the formation and evolution of fine-scale features [12-18].

Detonation waves have a few dynamic parameters, such as cell width, determined
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by the properties of combustible mixtures. Various mixtures have been studied on
normal detonations [19-23] and rotating detonations [24,25], demonstrating different
wave behaviors. Nevertheless, most previous ODW studies were based on the one-step
irreversible heat release model, in which chemical reactions are undoubtedly
oversimplified. A two-step induction-reaction chemistry model has been considered to
study ODW initiation and surface instability [26,27], demonstrating novel phenomena.
Detailed chemical reaction models are helpful when studying different fuels, although
come at the cost of complex and expensive chemical kinetic computations. Recently,
several numerical studies were performed using chemical reaction models, examining
the effects of inflow inhomogeneity [28,29] and the initiation mechanism [30,31] to
illustrate ODW characteristics in Hz-air (i.e., H2-O2-N2) mixtures.

In this study, H2-O2 mixtures with Ar dilution are used to study the ODW structure.
This mixture has been widely used in detonation physics studies (e.g., [32-34]), mainly
because it is relatively stable so that the cellular detonation structure is highly regular.
The present numerical results reveal that the ODW structures in H2-O2-Ar mixtures are
sensitive to inflow static pressure, different those in H2-O2-N2 mixtures and never been
reported before. Based on serial simulations, the ratio of induction and heat release zone
lengths is proposed to model the difference, and how different dilution gases influence

ODW structures is also discussed.

2. Physical and mathematical models
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Fig. 2 Sketch of wedge-induced oblique detonation simulation.
Following our previous studies (e.g., [27,30]), a schematic of typical ODWs induced
by a two-dimensional, semi-infinite wedge is given in Fig. 2. The presence of the wedge

in a supersonic combustible inflow first induces an OSW. For a high inflow Mach

Page 3 of 21



number causing a high post-shock temperature behind the OSW, an exothermic
chemical reaction begins, leading to ODW formation. The coordinate is rotated to the
direction along the wedge surface, and the Cartesian grid in the rectangular domain
enclosed by the dashed line in Fig. 2 is aligned with the wedge surface. Ignoring the

viscosity and diffusion effects, the governing equations are unsteady reactive Euler

equations:
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where specific enthalpy can be written as 4= Z p.h.l p with hi obtained from the

i=1

thermodynamic data of each individual specie. The state equation is

n R
p=Xp 0T )
i=1

where wi is the molecular weight; 7 is the gas temperature; and @, is the species’

specific mass production rate, which is determined by the chemical reaction model.

The chemical kinetic model used in this study is taken from a comprehensive H2/O2
kinetic model for high-pressure combustion [35]. This mechanism involves 27
reversible, elementary reactions among 8 species (Hz, O2, H20, H, O, OH, and HO2 and
H202) with 5 inert species (N2, Ar, He, CO, and CO2). Thermodynamic properties of
the chemical species are evaluated using the 9-coefficient NASA polynomial

representation [36]. The governing equations are discretized on Cartesian uniform grids
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and solved with the DCD scheme [37] with Strang’s splitting. To overcome the stiff
problem, a sufficient number of sub-reaction steps are involved to ensure overall

accuracy [38].

Unless specified, 2H2+02+7Ar is used as the default stoichiometric mixture with
wedge angle 25°. In this study, the inflow temperature is 298.15 K for all cases, while
the inflow static pressure Pp varies as an important parameter. In all figures, the
dimensions of temperature, pressure, and density are K, Pa, and kg/m’, respectively.
The incident Mach number My changes between 6.5-8.0, and in most cases Moy = 7.0.
The slip reflecting boundary condition is used on the wedge surface, and other
boundaries are interpolated under the assumption of zero first-order derivatives of all
flow parameters. On the lower computational boundary, the wedge starts from x = 0.512
mm. Initially, all flow fields are uniform, and the simulation does not stop until the flow
fields reach a steady state. Due to the multi-scale nature of the phenomena, the
computational domain and mesh scale are each adjusted, and resolution studies are

conducted to ensure grid-independence of global characteristic features.

3. Numerical results and discussion

3.1 Effects of Myon the ODW structure
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Fig. 3 Pressure, temperature, density and OH density with Mo =7, Po= 1.0 atm.
ODW with My =7 and Pp = 1.0 atm is simulated first and shown in Fig. 3. The
oblique surface is composed of two sections, an inert shock upstream and a detonation

surface downstream. Two sections are connected by a multi-wave point, displaying a
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typical abrupt transition structure. From the multi-wave point, the secondary oblique
shock and contact surface (slip line) extend downstream in the combustion product. The
secondary oblique shock can be observed clearly in the temperature field, as it reflects
on the wedge and generates a local high-temperature region there. The contact surface
is almost parallel with the surface, and different temperature values can be observed. A
contact surface that extends downstream from the multi-wave point forms due to
different waves. On the near-wedge side, heat release is achieved by deflagration,
whereas heat release is achieved by detonation on the other side, resulting in different
temperature.

A resolution study was performed on the structure in Fig. 3, and the results and
relevant discussion are provided in Appendix A. Generally, the grid size of 4 pm used
in Fig. 3 is deemed sufficient to capture main flow characteristics, and refining it to 2
pum results in the same flow fields. For other cases shown later, similar resolution

studies were performed to assess and avoid the effects of grid scales.
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Fig. 4 Temperature fields in the cases of Po= 1.0 atm and Mo = 6.5 (a), 7.0 (b), 7.5 (¢),
8.0 (d)

ODWs with different My were simulated and are shown in Fig. 4. A previous study
with N2 dilution [30] provided results with My =7.0-10.0, enabling structural variation
to be distinguished. Nevertheless, given the same My, ODW in Ar dilution mixtures has
a high post-shock temperature; as such, relatively low Mach numbers are used, and
structural variation dependent on My can be observed. Figure 4 illustrates that wave
structures are sensitive to My, and the initiation length changes substantially. In the case
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of My = 6.5, the structure features an abrupt transition, secondary oblique shock, and
contact surface, similar to that shown in Fig. 3a but more complicated. Due to low Mo,
one short Mach stem forms beneath the multi-wave point, and the secondary oblique
shock becomes relatively strong; its wedge reflection and successive interaction with
the contact surface are clear. By increasing Mo, the structure changes from an abrupt
transition (Figs. 4a and 4b) into a smooth transition (Figs. 4c and 4d). Correspondingly,
the oblique shock and contact surface become weaker and disappear gradually. These
results are qualitatively identical to those in previous studies [10,15] despite the use of

different chemical reaction models.

3.2 Effects of Py on the ODW structure
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Fig. 5 Temperature fields in the cases of Mo = 7.0: (a) Po= 0.5 atm and (b) 0.2 atm.

ODWs with Pp= 0.5 and 0.2 atm are simulated to examine the effects of Py with
results shown in Fig. 5. The wave structures are also sensitive to Py, similar to the effects
of My. With relatively high Py, the structure tends to exhibit an abrupt transition, and
declining Py results in a smooth transition as displayed in Fig. 5. The smooth structure
is simpler than the abrupt structure given the lack of secondary oblique shock and
contact surface. Generally, the effects of declining Po are similar to those of increasing
Mo, so the results of Fig. 4d and Fig. 5b are comparable, but the initiation length of Fig.

5b is roughly ten times that of Fig. 4c.
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Fig. 6 Temperature fields in the mixtures of 2H2+02+7N2: (a) Mo = 7.0, Po = 1.0 atm;
(b) Mo=9.0, Po= 1.0 atm; (c) Mo = 7.0, Po= 0.2 atm; (d) Mo = 9.0, Po= 0.2 atm.

Although Py is an important parameter in ODW formation, most previous studies
only examined the effects of My. The reason may be due to wide use of the one-step
kinetic model, in which the effects of Py cannot be elucidated directly. Our recent study
[30] addressed the effects of Po in stoichiometric H2-air mixtures, concluding that those
structures are not sensitive to Py, different from the results in Fig. 5. Considering that
both studies used the same set of codes, including the same shock-capturing scheme
and detailed chemistry model [35], the difference should be derived from the
combustion characteristics of mixtures. The previous study [30] used a mixture of
2H>+02+3.76N2, and additional simulations were performed with mixtures of
2H>+02+7N2 to confirm and possibly exclude effects of the N2 dilution ratio. Figure 6
presents numerical results in the cases of My =7 and 9 with different Po. Obviously, the
structures vary when Moy changes, but they are not sensitive to Po. Declining Py will not
change the transition type from OSW to ODW, namely the abrupt transition in the case
of My =7 and the smooth transition in the case of My = 9. Furthermore, similar wave
configurations appear independent of Py, as shown in Figs. 6a and 6¢ or Figs. 6b and
6d. Therefore, whether the structure is sensitive to Py is determined by the dilution gas,
that is, the structure is sensitive to Pop in H2-O2-Ar mixtures but not in H2-O2-Nz

mixtures.
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Fig. 7 Temperature fields in the cases of My = 6.5: (a) Po= 1.0 atm and (b) 0.2 atm.
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Fig. 8 Temperature fields in the cases of My =7.5: (a) Po= 1.0 atm and (b) 0.2 atm
To verify whether the effects of Py are universal, further simulations with My = 6.5
and 7.5 were performed with results displayed in Figs. 7 and 8. The structures may be
abrupt or smooth in the case of Mo = 6.5, depending on Py, similar to cases of Mo = 7.0.
When My = 7.5, both structures are smooth but demonstrate notable differences. The
oblique angle rising from OSW to ODW is obvious with high Po, whereas only a slight
rise is generated with low Po. Therefore, structural sensitivity to Py appears to be a

universal phenomenon in H2-O2-Ar mixtures regardless of M.
3.3 Analysis of structural characteristics

Interestingly, the ODW structure is sensitive to Mo and Po in the H2-O2-Ar mixtures,

but further analysis is difficult. With a one- or two-step global kinetics model,
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simulations are usually performed by changing one parameter, such as activation energy,
while keeping others the same. Nevertheless, no explicit bifurcation parameters can be
controlled in detailed chemical reaction models; the corresponding chemical
parameters of the entire system are calculated implicitly from many detailed chemical
reactions, which are also controlled by the gas species and their fraction. In addition,
analyzing these results becomes complex and requires more interpretation techniques.
To explore the underlying reason for various sensitivities, we first examine the
corresponding Mcy values, specifically the Mach number of the Chapman-Jouguet (CJ)
detonation. Previous works [13,14] found that the structure depends on the overdriven
degree foq, defined by (Mosinf/Mc;)? in which B denotes the oblique detonation angle.
When Py changes, the corresponding Mcs changes as well, resulting in ODWs with
different fos, so ODWs may have different structures even with the same Mo. To examine
whether this dominates structural variation, Table 1 lists the Mach numbers and
velocities of CJ detonations with different mixtures. Obviously, Mcs is larger in
2H>+0O2+7Ar mixtures and smaller in 2H2+02+7N2 mixtures. However, variations in
Mcy are limited for both mixtures (i.e., less than 3%). This limited variation of fos does
not strongly support structural sensitivity to Po; therefore, it is necessary to explore
other explanations for why ODW structures are sensitive to Po in H2-O2-7Ar mixtures.

Table 1 Mach numbers and velocities of CJ detonations.

Mcy CJ velocity (m/s)
Py (atm)

7Ar N> 7Ar N>

1.0 4.714 4.461 1693 1726
0.8 4.770 4.457 1687 1724
0.6 4.802 4.452 1679 1722
0.4 4.824 4.444 1668 1719
0.2 4.842 4.428 1648 1713
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Fig. 9 Pressure and temperature along y = 0 in the cases of My =7: (a) Po= 1.0 atm
and (b) 0.2 atm.

To analyze more fully the sensitivity, curves of pressure and temperature along y =
0 are shown in Fig. 9, in the cases of Mo =7 and 2H2+02+7Ar mixtures. Due to different
Py, the post-oblique shock pressure of Fig. 9a is five times of that of Fig. 9b, and two
frames have the same post-oblique shock temperature. However, deviations in
temperature curves appear in the rising stages (i.e., the heat release zone). Overall, the
increase is steeper in the case of Pop = 1.0 atm and slow in the case of Pp = 0.2 atm. In
Fig. 9a, reaching 3000 K in the heat release zone brings the length close to that of the
induction zone. Nevertheless, in the case of Po = 0.2 atm shown in Fig. 9b, the same
temperature increase takes about 3 times its induction zone length. This difference may
be responsible for structural sensitivity to Po, which suggests the need to examine the
heat release processes of ODW further.

To quantify the above analysis, two characteristic lengths, L; and L., are defined as
the induction zone length and heat release zone length, respectively. Neither a well-
defined induction zone nor heat release zone pertains to the results of detailed chemistry
models. Methods of defining L; and L, in this study are discussed in Appendix B.
Numerical results indicate that with the same Mo and Po (e.g., Mo =7, Po = 1.0 atm),
heat release processes differ greatly in H2-O2-Ar and H2-O2-N2 mixtures. The former
mixture results in higher post-oblique shock temperature, and the heat release process
starts easily but modestly. Contrarily, heat release is difficult to start but demonstrates
a sharp profile in H2-O2-N2 mixtures. Table 2 shows the length ratio Rz, defined by Li/L»,
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as a function of Moy and Po in both mixtures. ODWs in H2-O2-Ar mixtures have small
Ri whereas those in H2-O2- N2 mixtures have large R.. In general, R serves as a good
criterion to determine whether ODW structures are sensitive to Po.

Table 2 Rz with different mixtures and Mo.

Mo:6.5 M(): 7.0 M0:7.5
Py (atm)

7Ar TN, TAr TN, TAr TN,
1.0 4.76 533 3.49 24.4 3.17 17.1
0.8 3.86 43.3 3.33 22.4 2.75 14.1
0.6 3.31 42.7 2.55 22.2 2.13 12.5
0.4 2.41 38.9 1.96 20.4 1.57 11.4
0.2 1.41 28.7 1.22 15.0 1.06 8.16

Before analyzing why Ry varies so significantly, it should be noted that a similar
parameter y has been proposed to quantify the instability of normal detonations [39].
That study revealed that unstable detonations with irregular oscillation patterns and
cellular structures generally have large y values. Because the effects of activation
energy have been considered there, the parameters Rz and y cannot be compared directly.
Drawing from the previous study [39], normal detonations with high Rz should be more
unstable with irregular cellular structures and vice versa. That finding seems
incongruent with the present study because ODW structures with high Rz seem more
stable. The discrepancy is attributable to different definitions of instability and the role
of the induction zone. For normal detonations, the relatively long induction zone and
correspondingly high R: favor the amplification of a disturbance and result in strong
instability. For oblique detonations, the long induction zone is the post-oblique shock
region in which the flow is supersonic. High Rz indicates that the induction is much
longer than the heat release zone, so difficult to change via heat release processes. This
induces stable structures independent of Po. Therefore, this study on steady, oblique

detonations does not oppose the previous study on unsteady, normal detonations [39].
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3.4 Discussion of dilution effects
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Fig. 10 Temperature fields in the cases of My = 7.0: (a) Po= 0.3 atm and (b) 0.06 atm
in 2H>+0O2 mixtures.

To analyze variation in R and extend the discussion on dilution gas effects, ODWs
in 2H2+02 with no dilution were simulated. In previous cases with 70% dilution, either
2H2+02+7Ar or 2H2+02+7N2, the partial pressure of fuel and oxidant accounts for 30%;
thus, two Py values, 0.3 atm and 0.06 atm, are chosen to maintain the same amount of
2H>+0z2. As shown in Fig. 10, the structure is not sensitive to Po, demonstrating two
similar abrupt structures in this kind of mixture. This pattern suggests that ODWs in

undiluted 2H2>+0O2 mixtures are similar to those in 2H2+02+7N2 mixtures and not those

in 2H>+0O2+7Ar mixtures.
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Fig. 11 R, with different dilution ratio of Ar and N2 dilution, keeping same amount of
2H2+0o.

Following the idea of keeping the same amount of 2H2+0O2, more cases were

Page 13 of 21



simulated with different dilution ratios (i.e., 10%, 30%, and 50%) in both mixtures.
Figure 11 displays the length ratio R, variation, whose maximum values appear in cases
of no dilution. On the left branch, increasing N2 dilution causes R. to decline, which
occurs more quickly in cases of high pressure. On the right branch, R. declines with
increasing Ar dilution, showing an exponential-like profile. Rz first declines rapidly
from 0 Ar to 3 Ar and then approaches a constant asymptotically.

It is unsurprising that the variation in R. depends on the dilution gas. Besides the
reaction mechanism itself, whether other factors contribute to the Rz in ODW
simulations should be clarified. A theoretical approach based on calculations of the
constant volume explosion is used to obtain the theoretical Rz, assuming an ideal post-
oblique shock flow, where pressure build-up in well-premixed mixtures and the
formation of pressure waves are weak near the wedge. Under these assumptions,
calculations were performed using the CHEMKIN package [40], and results following
the definition in Appendix B were compared with numerical findings in Table 3. The
theoretical results are not the same as the numerical findings, demonstrating that Rz is
also influenced by the effects of gas dynamics rather than solely by chemical reactions.
The theoretical and numerical results are relatively similar when the dilution gas is Ar,
suggesting that the effects of chemical reactions play an important role in these cases.
Similar to this work, the cell sizes in Ar dilution mixtures are predicted much more
accurately than those in N2 dilution mixtures, as indicated in research on numerical cell
size with the same mechanisms [34]. Further investigation on the effects of gas
dynamics and chemical reaction mechanisms are needed.

Table 3 Numerical and theoretical R with different mixtures and Moy = 7.0.

Pyp=0.3 atm Pp=0.06 atm
Numerical | Theoretical | Numerical | Theoretical
7Ar 3.49 4.45 1.22 1.82
SAr 3.90 5.31 1.29 2.12
3Ar 5.24 8.76 2.28 3.79
Ar 25.78 48.69 7.82 12.06
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No dilution 64.21 1472.78 22.53 38.96
N, 54.17 2643.17 19.31 30.00
3N, 41.95 4348.92 17.83 30.41
5N, 32.10 Very high 16.03 29.91
TN, 24.44 Very high 15.01 31.20

Table 4 L; and L, with different mixtures and Mo = 7.0.

Pyp=0.3 atm Pyp=0.06 atm

L;(mm) | L,(mm) | L;(mm) | L,(mm)

TAr 1.65 0.47 8.85 6.64
No dilution 24.8 0.39 126 5.58
N2 19.5 0.80 973 6.48

To elucidate the effects of different mixtures, Table 4 shows L: and L with different
mixtures and Mo = 7.0. L, changes a little, and the dominant variation of Rz should be
attributed to the change of L. These results demonstrate how the type and amount of
dilution gas change the combustion process of ODWs. Regarding the effects of dilution
gas, two patterns are expected: accelerating chemical reactions through the third-body
effects and changing the mixture properties. Due to third-body effects, L:; and L, each
decline but L; varies more substantially regardless of the dilution gas, so that Rz declines
when the dilution gas increases. However, different properties of dilution gas play
important roles on the right branch (when including Ar). As a single-atom gas with a
molecular weight of 40, Ar is not similar to Oz as is N2. The inclusion of Ar changes
the mixture properties, such as the average molecular weight and specific heat capacity
ratio, so a rapid decline in R. appears on the right branch. For cases with more than 3

Ar, the effects of adding more dilution are weaker, and R. hence approaches a constant.

4. Concluding remarks

To deepen our understanding of the effects of different mixtures, this study

simulates ODWs in H2-O2-Ar, and the structures are analyzed through comparisons
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with ODWs in H2-O2-N2 mixtures. The structures vary with different Mo, but
surprisingly, the structures are also sensitive to Po in 2H>+O2+7Ar mixtures. Based on
flow field analysis, the ratio of induction and heat release zone lengths, Rz, is proposed
to model the difference induced by dilution gas. Generally, R. is large in N2 diluted
mixtures but small in Ar diluted mixtures. We discuss why low R; results in pressure-
sensitive structures, and Ry is analyzed by adjusting dilution type and ratio. When the
dilution gas changes gradually from Ar to N2, R. increases slowly first and then declines
rapidly to approach a constant. The variation rule of Rz is analyzed and compared with
results from calculations of a constant volume explosion, demonstrating how different

dilution gases influence ODW structures.
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Due to several difficulties in experiments, no corresponding experimental results
are available to verify the numerical results of ODWs. In several related studies [12,
14], similar structures were observed, and the main problem was whether the grid
resolution was sufficient. To examine the effect of grid size, a resolution study was
performed here. As shown in Fig. al, the flow fields are nearly the same with 2 um and
4 um grids, and differences are difficult to distinguish. A quantitative comparison is
conducted by plotting the pressure and temperature along three typical lines (i.e., y =0
mm, 0.6 mm, and 1.2 mm) as shown in Fig. a2. These lines correspond to different flow
regions on the ODW surface, including oblique shock, near multi-point ODW, and
steady ODW. A slight difference is observed, and the curves nearly overlap, so a grid
of 4 um is sufficient to capture the main flow fields. For other cases with different Mo
and Py, similar resolution studies have been performed to examine and avoid the effects

of grid scales.
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Appendix B
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Fig. bl Temperature and Oh density profiles along the wedge in the case of Mo =7, Po
= 1.0 atm: (a) 2H2+O2+7Ar and (b) 2H2+O2+7No.

The results of detailed chemical reaction models suggest various definitions of
induction zone length and heat release zone length. Generally, all parameters with
constant values in the induction zone (e.g., pressure, temperature, and density) can be
used to define Li. On the other side, this study uses not only L; but also L, so the unified
definition should be considered. In previous studies (e.g., [39]), the temperature and its
derivation were used to define L; and L, and the end of the heat release zone may have
been underestimated. In this study, after comparing several methods, we chose the
density intermediate radical, specie OH, to define the lengths. Generally, OH density is
close to 0 in the induction zone but increases to a peak and then declines in the heat
release zone.

As shown in Fig. bl, OH density curves are used to define L:; and L,. The former
starts from the shock and ends when clear OH density variation is observed. Compared
with the temperature curve, the position is chosen where 15% of the maximum OH
density is achieved. This is also the starting point of the heat release zone, which ends
at 95% of the maximum OH density. In a few cases, the OH density increases
monotonically in the heat release region, but two sections with different slopes can be
observed. The ending point of the heat release zone is thus determined by the first-order

derivative of OH density to capture the main heat release zone. Based on this method,
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results are displayed in Table 2 in the main text. The criteria of length definitions (i.e.,
15% and 95%) are not universal, and similar values can be used. As such, the detailed
values shown in Table 2 and Fig. 11 may vary, but the conclusions should remain the

same.
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