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a b s t r a c t

Syngas, containing mostly CO and H2, has variant explosion properties for the specific contents. For a
further understanding, a comparative study on the turbulent explosion characteristics of syngas between
CO-enriched (the mole ratio of CO was 70%) and H2-enriched (the mole ratio of H2 was 70%) were
conducted at different equivalence ratios (4, from 0.4 to 3.0) and turbulent intensities (u'rms, from 0 to
1.309 m/s). The peak value of maximum explosion pressure (pmax) was attained in the stoichiometric
explosion of H2-enriched syngas but in fuel-rich explosion of the CO-enriched, the growth extents of pmax

seemed more sensitive to u'rms for H2-enriched syngas compared to CO-enriched syngas. The lowest
values of explosion duration (tc) was attained in fuel-rich explosions for both CO-enriched and H2-
enriched syngas but different corresponding 4 to the lowest tc, the phenomena were analyzed from the
aspects of ignition delay time, laminar burning velocity, intrinsic instabilities, and flame/turbulence
interaction. Finally, the pressure rising was comparatively observed, the maximum pressure rise rate
((dp/dt)max) expressed more similar variation regulations to tc rather than pmax, which meant flame
propagation speed plays a more important role on the evolution of pressure rising.

© 2021 Elsevier Ltd. All rights reserved.
1. Introduction

Suffering from the foreseeable depletion of fossil fuels,
exploring and applying renewable fuel(s) becomes one uttermost
hot even urgent topic in the field of energy science [1]. Produced
from various biomass (like organic waste, food waste, fibril waste
and algal biomass), syngas (containing mostly CO and H2) is widely
regarded as one promising renewable fuel [2,3]. Via different
technologies and feedstocks, besides the uncertain impurities,
syngas has specific contents of CO and H2 which results in different
combustion properties (like laminar burning velocity and intrinsic
instabilities) between the CO-enriched (the mole ratio of CO is
more than H2) and the H2-enriched (inwhich themole ratio of H2 is
more than CO) [4e6]. Prior to a bulk application of syngas as a
practical fuel, the fundamental combustion characteristics of CO/H2
mixtures with the considerations of components effects should be
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highly concerned.
Forced ignition is one essential but crucial ignition manner in

various power devices. Since it directly refers to the power capa-
bility of thermal devices (like internal combustion engines) and the
hazardous potential of explosive materials, the behaviors after a
forced ignition are significant for guiding a combustible mixture
into practical applications [7]. Albeit bone-dry CO (i.e. CO without
H2, moisture, or in general H-containing species) would not be
ignited at common conditions, the widest explosive limits and
lowest ignition energy of H2 could make CO/H2 mixtures easily
explosion [8] which would lead to public concern and fears on
promoting syngas as a widely used fuel. Therefore, making funda-
mental studies on the explosion characteristics of CO/H2 mixtures
(especially considering the effects of dominant component) has
practical significance.

Different to other fundamental combustion characteristics (like
laminar burning velocity, intrinsic flame instability), the works
about the explosion characteristics of ‘syngas’ are rare in the cur-
rent literature. Within the past decade, State Key Laboratory of
Explosion Science and Technology (China) [9] and Consiglio
Nazionale delle Ricerche (Italy) [10,11] respectively studied the
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explosion properties of ‘coal-derived syngas’ (54.8% H2, 6.6% CO,
24% CH4 in mole fraction ratio) and ‘wood-derived syngas’ (2.0%
~3.0% H2, 24%~60% CO, few CH4), but the arbitrary components in
individual syngas hardly reveal the explosion characteristics of CO/
H2 mixtures comprehensively. State Key Laboratory of Multiphase
Flow in Power Engineering (China) [12,13] and Beijing Key Labo-
ratory of Powertrain for New Energy Vehicle (China) [14] respec-
tively measured the explosion indices of moisty laminar CO/H2
mixtures and dry turbulent CO/H2 mixtures, but the equal
component ratio (the mole ratio of CO to H2 was fixed to 50:50 in
the mentioned works) cannot tell out the component effects on the
explosion. From the aspects of kinetic effects, the ignition of syngas
might be dominated by the chemical reaction of H2, the explosion
characteristics of CO/H2 mixtures still had been observed related to
the mole ratio of CO to H2 (at least in laminar conditions [15]).
Furthermore, the studies about turbulent explosion characteristics
of CO/H2 mixtures are scarcer albeit practical explosions always
occur in turbulence. Recently, Sun [14] and Li et al. [16] respectively
studied the turbulent explosion process of CO/H2 mixtures in a
spherical vessel and in an obstructed tube, the H2-enriched con-
dition (the mole ratio of CO to H2 was 20:80) was taken for
comparative investigation in Li's work [16] but the results con-
tained the coupling effects of channel structure. Upon the available
literature, it could be known that fundamental studies on turbulent
explosion of CO/H2 mixtures still should be conducted for the
development of both explosion science and the syngas industrial,
and the effects of dominant component should be considered into.

The present investigation made a comparative study on the
turbulent explosion characteristics of CO/H2 mixtures between CO-
enriched and H2eenriched, the mole fraction ratio of H2 in the CO-
enriched mixtures was set at 30% (a common ratio in most national
projects of hydrogen pipeline transportation) while 70% in the
H2eenriched (as the symmetrical proportion for comparative
study). Albeit as a continuation of earlier works [4,14,15], there
existed adequate differentiation of the present work as: (i) the
turbulent explosion characteristics of CO/H2 mixtures were dis-
cussed between CO-enriched and H2-enriched conditions; (ii) the
effects of turbulence were discussed together with the effects of
fuel compositions and fuel concentrations; and (iii) the effects of
ignition delay, laminar burning velocity, and the flame-front/
turbulence interaction were taken into the discussion on explo-
sion process.

2. Methodology

2.1. Experimental apparatus

The present study was carried out on a turbulent explosion
workbench (as shown in Fig. 1 (a)). According to the functionalities,
the workbench could be divided into five subsystems (as demon-
strated in Fig. 1 (b)) as: (i) a closed vessel; (ii) the discharge sub-
system; (iii) the turbulence control subsystem; (iv) the ignition
subsystem; and (v) the data acquisition subsystem.

The closed vessel was employed to provide space for explosion.
For ensuring a centrosymmetric and sufficient propagation of
combustionwave, the inner space was designed into spherical type
with the diameter was 380mm (the corresponding net volumewas
28.73 L).

The discharging subsystem, linked to the vessel by gas pipes,
was employed to prepare the desired mixture within the vessel. It
mainly consisted of vacuum pump (Pronotek PNK DP 020C), high-
pressurized gas H2 bottle, high-pressurized CO bottle, high-
pressurized air bottle, gas pipes, and pressure relief valves. The
employed air was synthesized by O2 and N2 with a mole ratio of
21:79, the purities of the employed O2, N2, H2 and CO were 99.99%.
2

The turbulence control subsystem was employed to generate
turbulence within the vessel and control the turbulent intensity. It
mainly consisted of four independent sets of motor-fan-porous
plant (MFP), the four sets of MPF were mounted on the vessel
into a configuration of pyramid whose geometric center was
located at the vessel's center (for ensuring isotropic turbulence in
the center). Each set of MFP contained one electronic motor, one
metal fan, one porous plant, one magnetic coupling, and one fre-
quency converter. The electronic motor was driven by the fre-
quency converter, the magnetic couplings were employed to link
the fans and the electronic motors via thewall of vessel for avoiding
leakage during experiments. The rotation of fan generated a for-
ward swirl whom would be transformed into multiple gas jets
when it passed through the porous plant. If the four fans rotated
with a same speed and a same rotation direction (as operated in the
present work), the gas jets with same characters would be released
from the four porous plants and then collided with each other at
the vessel's center to form isotropic turbulence. The turbulent in-
tensity (u'rms, defined as the root-mean-square velocity of the flow
at the vessel's center) was controlled by fan's speed, and it was
measured by hot-wire anemometer prior to experiments. More
detailed information about turbulence generation and control was
available in literature [17e20].

The ignition subsystemwas employed to a forced ignition of CO/
H2 mixtures at the vessel's center. It mainly consisted of a pair of
electrodes (tungsten material, with a diameter of 2.5 mm), the
ignition coil, and one power supply. The electrodes were oppositely
located with a gap of 2 mm, and the location center was the
geometrical center of the inner vessel to realize a central ignition.

The data acquisition subsystem was employed to measure and
record the variation of pressure near the vessel's inner wall in the
real-time. It mainly consisted of a piezoelectric pressure transducer
(Kistler 89 6052-C, located at the bottom of the vessel), a charge
amplifier (Kistler 5018-B, linked to pressure transducer by cable), a
digital oscilloscope (Tektronix 3054), and a computer. Learnt from
the previous works about laminar explosion characteristics re-
ported by Huang's team [21e23], the sampling frequency in the
present work was set at 100 kHz.

2.2. Experimental procedure

Each set of explosion experiment was carried out by a four-step
procedure as:

Step 1: the preparation of desirablemixture in the vessel. Into an
empty vessel, H2, CO, and air were successively discharged to
make up a mixture of H2/CO/air with desirable equivalence ratio
(4, defined as the actual mass ratio of air-fuel to themass ratio of
air-fuel for a complete combustion) and mole ratio of CO to H2
upon Daltons law of partial pressures. For covering the condi-
tions of fuel-lean, stoichiometric, and fuel-rich, eleven different
equivalence ratios (from 0.4 to 3.0) were taken. It should be
noted that an absolute empty space cannot be realized in the
experiments, 5.0 kPa was taken as the criterion of vacuum in all
the experiments and such partial pressure was accounted into
the amount of air.
Step 2: the construction of the initial turbulent condition. Once
the mixtures had been prepared, the turbulence control sub-
system would be started for stirring the mixtures and gener-
ating desirable turbulence. Like that reported by Zhao et al.
[24,25] for the similar concept (the turbulence was measured by
PIV), the turbulence generated by fan-stirred could be regarded
as isotropic turbulence in the central zone of vessel, and the
turbulence would be stable after a period of fan rotation. In the
present work, the turbulent intensity (u'rms) at the vessel's



Fig. 1. The experimental workbench: (a) actual scene; and (b) schematic diagram.
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center after a period of 3 min from the operation was linear to
the fan speed as demonstrated in Fig. 2.
Step 3: the forced-ignition and the capture of explosion over-
pressure. After a period of three minutes from the operation,
synchronous signals were released to triggerd both the ignition
subsystem and the data acquisition subsystem. A forced-ignition
of the mixture occurred at the vessel’s center, and the variation
of pressure near the inner wall would be collected real-time.
Step 4: the removal of exhaust and the preparation for the next
experiment. After explosion, the gas pipes were opened to
release high-pressure out the vessel; subsequently, high pres-
sure air was charged and then again released from the pipe to
removal the residual. After three (for CO-enriched explosion)
and/or five (for H2-enriched explosion) repetitions, the vessel
was pumped into vacuum by the vacuum pump for the prepa-
ration of the next set of experiment.
2. The nexus between the turbulent intensity (at the vessel's center) and fan
ed.

3

2.3. Parameters’ definitions

Learnt from previous literature about laminar explosion char-
acteristics [26e30], the explosion characteristics were always
indicated by three essential indices:

The maximum explosion pressure (pmax) is the peak value of
pressure reached in a closed vessel explosion, which could directly
describe the features of an actual explosion in capability.

The explosion duration (tc) is the time interval from ignition to
themoment when pmax was attained, which could directly describe
the evolution of an explosion and then reflect the reaction speed of
the combustible mixtures in the air under the specific condition(s).

Themaximumpressure rise rate ((dp/dt)max) is the peak value of
the pressure rise rate during an explosion process, which could
indicate assessing the risk potential of a combustible mixture in
enclosures.

For making the results available for comparative studies by
other scholars, the presentwork also took the three indices to study
the turbulent explosion characteristics. It should be noted that, in
the present work, the values of pmax were obtained from the
smoothed p-v. s.-t curves, and the smoothing criterion was second-
order Savitsky-Golay equation learnt from the works about laminar
explosion reported by Razus's team [26e29].

3. Results and discussion

3.1. Comparisons of explosion pressure

For a preliminary comparison on the explosion characteristics,
the raw evolution curves (directly recorded by piezoelectric pres-
sure transducer) of overpressure (p, the measured value of pressure
near the vessel's inner wall) were taken to be compared. Fig. 3 and
Fig. 4 respectively demonstrated the p-v. s.-t curves of CO-enriched
and H2-enriched mixtures with different equivalence ratios and
different turbulent intensities under standard condition
(pint ¼ 0.1 MPa and Tint ¼ 300 K). Three remarkable phenomena
could be observed as:

(i) In each studied explosion (no matter which component was
the major, or what the value of 4 was), the overpressure would
rise after a period of ‘constant initial value’ and then decline
from the maximal values. Such phenomenon had been exces-
sively reported in nearly all the literature about the centrally-



Fig. 3. Evolutions of overpressure during the turbulent explosion of CO-enriched mixtures.
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Fig. 4. Evolutions of overpressure during the turbulent explosion of H2-enriched mixtures.
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ignited explosion within vessels, the initial constant period was
owing to the combustion wave was still far away the inner wall,
the rapid rising was attributed to the continuous heat release,
and the final decline was attributed to the maintaining heat loss
after explosion via the vessel's wall.
(ii) To each studied turbulent ambience, the values of pmax and tc
were sensitive to fuel concentration. To fuel-lean (in which
4 < 1) and stoichiometric explosions, with the increase of 4, the
value of pmax rose and the corresponding tc (to pmax) was
advanced. However, to fuel-rich explosions (in which 4 > 1),
with the further remarkable increase of 4, pmax declined, but the
corresponding tc first was advanced and then delayed. Such
phenomena occurred in both CO-enriched and H2-enriched
mixtures, just as the effects of equivalence ratio on laminar
explosion characteristics [15].
(iii) To each specific equivalence ratio (nomatter CO-enriched or
H2-enriched), with the increase of turbulent intensity (u'rms),
the value of pmax was raised and the corresponding tc was
advanced. To CO-enriched conditions, the mixture could hardly
be ignited under laminar in the case of 4 ¼ 0.4 but it was easy to
explode under turbulence and/or with higher concentration in
laminar. The results indicated inducing turbulence seemly ob-
tained similar effects to increasing H2 in the mixture.

From the mentioned intuitive comparisons, the impacts of tur-
bulence, fuel concentration and fuel components on the explosion
of CO/H2 mixtures seemed independent. For further and detailed
insights, the variations of pmax to u'rms and 4 had been compared
between CO-enriched and H2eenriched explosions (as demon-
strated in Fig. 5).

From the nexus among pmax, 4 and u'rms for the explosion of CO/
H2 mixtures, some interesting phenomena could be observed as:

(i) To H2-enriched mixtures, the highest value of pmax was
attained at stoichiometric explosion; however, to CO-enriched
mixtures, the highest value of pmax was attained when the fuel
concentration was a little rich (4 ¼ 1.2).
(ii) To fuel-lean and stoichiometric mixtures, under a same
initial condition, the values of pmax in H2-enriched explosions
Fig. 5. Variations of pmax to different factors in
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were obviously higher than those in CO-enriched explosions;
however, the results weren't effective to fuel-rich explosions.
(iii) To each studied mixture with specific fuel component and
fuel concentration, with the increase of u'rms, the value of pmax
expressed linear growth; the growth rate was obviously related
to both fuel component and fuel concentration.

The energy capability released by explosion is determined by
chemical reaction, a specified condition (same fuel component, fuel
concentration and initial thermodynamic ambience) corresponds a
fixed adiabatic explosion pressure (pad, the theoretical value of
pressure released by an equilibrium explosion), namely a fixed
energy capability theoretically. Learnt from the previous mea-
surements of pmax in laminar H2 explosions (reported by Huang's
team [30]) and laminar CO/H2 mixtures (with CO:H2 ¼ 50:50, re-
ported by Sun's team [14]), the peak value of pmax for H2 was
attained around the stoichiometric but attained around 4 ¼ 1.2 for
the cases of CO/H2 ¼ 50:50. Without the consideration of turbu-
lence effects, the results could be explained by the nexus between
adiabatic flame temperature (Tad, the temperature of the products
when there are no heat losses to the surrounding environment and
all of the energy released from combustion is used to heat the
products) and fuel concentration. Since CO has a higher Tad than H2
and the peak value of Tad for CO was attained around 4 ¼ 1.2, the
higher carbon content made the fuel-rich explosion CO-enriched
mixtures have higher values of Tad than the stoichiometric explo-
sion of H2-enriched mixtures. Compared with the reported pmax of
CO/H2mixtures with amole ratio of 50:50 [14], it could be observed
that the corresponding 4 to the peak value of pmax is determined by
the component of CO once the mole ratio of CO no less than H2, and
the presence of turbulence seemed hardly change such essence.

During an actual explosion, the exergy would be lost for heat
conduction, mass diffusion, chemical reactions, and incomplete
combustion (as reported by Han's team [31e33]); therefore, the
obtained value of pmax is lower than pad due to the lost partial
amount. With the presence of turbulence, the mass diffusionwould
be enhanced, the completion level of combustion would be raised,
and the heat conduction would be reduced for the shortened
duration to the accumulated heat flux via the wall. With the in-
crease of u'rms, the exergy loss during explosion would be reduced,
the turbulent explosion of CO/H2 mixtures.
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the reduced drop of pmax from pad resulted in the growth of pmax
(towards the value of pad).

3.2. Analyses of explosion duration

Fig. 6 demonstrated the explosion duration of syngas explosion
with different initial conditions in the employed vessel. As could be
observed, to fuel-lean explosions, with the increase of u'rms and/or
the increase of 4, the values of tc (at any specific 4) would decline
and the corresponding decline rates would be reduced, which was
irrelevant to themajor component in themixture. However, to fuel-
rich explosions, the variation regulation of tc was nonmonotonic to
4 (as reflections to the interactions of equivalence ratio and the
major component) albeit it still was inversely proportional to u'rms.
The comprehensive effects of fuel components and turbulence
made a critical equivalence ratio (4cr) to the minimum value of tc
under each studied turbulent ambience, such 4cr in CO-enriched
explosions was approximately 2.0 when the value of u'rms is no
more than 0.500 m/s but would be reduced to about 1.8 with the
increase of u'rms; in H2-enriched explosions, the 4cr was approxi-
mately 1.8 under laminar but it was observed about 1.6 under
turbulence.

The continuation of an explosion is supported by chemical re-
action, the explosion duration should be related to the activity of
chemical kinetics. Under standard condition (employed in the
present work), bone-dry CO would not be ignited, the chemical
reaction of H2 could be regarded as one important trigger to the
ignition of CO/H2 mixtures. To the component of H2, the tempera-
ture of standard condition (300 K) even the temperature of initial
Fig. 6. Explosion durations of the turbu
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conduction zone of H2/air reaction would be lower than the
crossover temperature (at which the chain-branching rate equals
the chain-breaking rate, 1000 K under 0.1 MPa [34]), fuel-rich
condition would be easier ignited for the faster consumption of H
produced in the branching mechanism. Compared to CO-enriched
mixtures with a same 4, H2-enriched mixtures would provide
more available H atoms to the reaction step of H þ O2%O þ OH
which could enhance the reactivity of the explosion [35]; therefore,
richer amount of hydrogen (-blended) mixtures would have a
shorter ignition delay time [36], which resulted to a shorter ex-
plosion duration.

To a practical explosion process within confinement, the ex-
plosion duration is the direct result of the competition between
space size (fixed in the present work) and flame propagation speed
which is determined by the comprehensive effects of laminar
burning velocity and the intrinsic instabilities [37]. Under standard
condition, the fastest laminar burning velocity of H2 was around
3.00 m/s (attained at 4 ¼ 1.7e1.8 [38,39]) which is about 15 times
higher than CO (around 0.19 m/s attained at 4 ¼ 1.6 [39,40]);
therefore, the H2-enriched explosions had lower tc and the 4cr were
much closer to the corresponding equivalence ratio of the fastest
laminar burning velocity in pure H2. Albeit the 4cr to the fastest
laminar burning velocity in CO was a little unricher than pure H2, a
little addition of H2 into CO would induce the obvious variation of
4cr (like moved to about 2.5 in CO:H2¼ 95:5, fallen into the range of
2.0e2.5 in CO:H2 ¼ 75:25, reported by Sun et al. [41]) due to the
significant effects on the reaction of OH with CO during the com-
bustion of CO/H2 into air. Therefore, the 4cr to the minimal value of
tc in CO-enriched explosions was richer than H2-enriched
lent explosion in CO/H2 mixtures.



Fig. 7. Evolutions of pressure rise rate during the turbulent explosion in CO-enriched mixtures.
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Fig. 8. Evolutions of pressure rise rate during the turbulent explosion in H2-enriched mixtures.
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explosions as be reflected to the 4cr to the fastest laminar burning
velocity.

From the aspect of intrinsic instabilities, under standard con-
dition, stoichiometric and fuel-rich H2/air premixed flames just
suffer hydrodynamic instability, while fuel-lean H2/air premixed
flames suffer both hydrodynamic instability and diffusion-thermal
instability. Hydrodynamic instability could not express remarkable
effects to self-wrinkling until the flames had developed to suffi-
ciently large (far larger than the size of the vessel employed by the
present work) [42]. To fuel-rich and stoichiometric explosions, the
presence of turbulence could corrugate the flame-front by the
flame-front/eddies interaction and the enhanced hydrodynamic
instability, the surface area would be enlarged and the flame speed
would be correspondingly raised; to fuel-lean explosions, the
presence of turbulence significantly promotes the mass diffusion of
reactant to enhance the diffusion-thermal instability, the prefer-
ential effects of diffusion-thermal seriously wrinkled the flame-
front to raise the flame speed.

Since the time scale in the flame thickness over flame speed
would be remarkably higher than the turnover time of the eddies to
the integral scale [43], the interaction between flame-front and
turbulent eddies would be weak, which was experimentally
observed from the related oscillation of flame structure in stoi-
chiometric and fuel-rich turbulent H2/air premixed flames [19];
therefore, to stoichiometric and fuel-rich explosions, the short-
ening of explosion duration might be mainly dominated by the
enhanced hydrodynamic instability. To fuel-lean explosions, the
flame thickness is related thicker while the flame speed is relatively
lower, the time scale to flame-front would be longer than that in
stoichiometric and fuel-rich explosions, the eddies effects on the
corrugation of flame-front would be corresponding weaker;
therefore, the shortening of explosion duration might be attributed
to the enhanced diffusion-thermal instability since its preferential
effects with the comparation of hydrodynamic instability under
standard condition, which also expressed as the decline extent of tc
in fuel-lean explosions wider than that in stoichiometric and fuel-
rich explosions.

Comparing the variations of tc induced by turbulent intensity
between CO-enriched and H2-enriched explosions in fuel-rich
mixtures, the component effects would be more obvious.
Fig. 9. Nexus among (dp/dt)max, u'rms and 4 for
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Compared to the CO-enriched, H2-enriched flamewith a same fuel-
rich equivalence ratio has a thinner flame thickness and a faster
flame speed, the time response to the flame-front would be
resultantly shorter in a same turbulent ambience, and the flame
corrugation induced by the flame-front/turbulence interaction
would be correspondingly stronger. Meanwhile, the presence of
turbulence enhances the hydrodynamic instability and their
coupling effects were considered as positive related to the hydro-
dynamic instability itself [19]. Therefore, to the fuel-rich H2-
enriched mixtures, the value of 4cr would be reduced towards the
range of 1.0e1.6 (the equivalence ratios correspond to the peak
density ratio and the lowest laminar flame thickness in H2) under
stronger turbulent ambient.

To fuel-lean explosions, the stronger mass diffusion of H2 than
CO makes the non-equality between mass diffusion and heat
diffusion higher in H2-enriched explosions [44], coupling with the
improvement of mass diffusion by turbulence, the local flame speed
would be significantly accelerated. And thus, the variations of ex-
plosion duration in fuel-lean explosions to turbulent intensity were
more sensitive to H2-enriched mixtures as be reflected to the
enhanced diffusion-thermal instability.
3.3. Variations on pressure rising

Fig. 7 and Fig. 8 respectively demonstrated the evolutions of
pressure rise rate (dp/dt-v.s.-t curves) during the turbulent explo-
sions in CO-enriched and H2-enriched mixtures. As could be
observed, the variations of dp/dt-v. s.-t curve to u'rms and 4 liked
those of p-v. s.-t curves, namely, raising u'rms could lead to the
growth of maximum pressure rise rate ((dp/dt)max) associated with
advanced corresponding moment, and critical 4 to the highest
value of (dp/dt)max would exist. From the definition of dp/dt, it
could be understood related to both explosion overpressure and
explosion duration; therefore, the distinctive critical values of 4

corresponding to pmax and tc would make the ascertaining of
dominant role (out from pmax and tc) on (dp/dt)max interesting and
valuable.

The nexus among (dp/dt)max, u'rms and 4 for the explosions of
studied syngas explosions were demonstrated in Fig. 9. As could be
observed, with the increase of 4 in the whole explosive range, the
the turbulent explosion of CO/H2 mixtures.



Fig. 10. Variations of maximum pressure rise rate for the turbulent explosion of CO/H2 mixtures.
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values of (dp/dt)max firstly rose and then declined.
Albeit the critical 4 to the peak (dp/dt)max was different for

different fuel components and/or turbulent intensities, a common
law could be summarized that the critical 4 to the peak (dp/dt)max
was attained at the critical 4 to the lowest tc (no matter whether it
was fixed to u'rms or component). Such results indicated that the
pressure rising process in turbulent explosion is dominated by
flame speed.

For clearer insights on the impacts of turbulence on the
maximum pressure rise rate, the (dp/dt)max-v.s.-u'rms curves were
plotted in Fig. 10. As could be observed, the variations of (dp/dt)max
to u'rms could be considered as second-order polynomial, and the
variation extent was determined by both u'rms and 4. To fuel-rich
explosions, the expressed parallel curves indicated that turbu-
lence played a more important role on (dp/dt)max than fuel con-
centration, and such behaviors were insensitive to the major
component in the CO/H2 mixtures.

However, to fuel-lean and stoichiometric explosions, the varia-
tion regulations of (dp/dt)max to u'rms expressed obvious differences
between CO-enriched mixtures and H2-enriched mixtures as: (i) in
CO-enriched mixtures, the growth extent of (dp/dt)max induced by
turbulence was gradually reduced with the increase of u'rms; and
(ii) in H2-enriched mixtures, the growth extent of (dp/dt)max
induced by turbulence was gradually raised with the increase of
u'rms. Such different behaviors were supposedly related to the in-
teractions between turbulence and intrinsic instabilities whom in
the fuel-lean explosions are stronger than in the fuel-rich explo-
sions due to the preferential diffusion-thermal effects (as
mentioned in the above).

It should be stated that turbulent flame speed, flame
11
corrugation, the interactions of turbulence on instabilities, and the
heat loss during explosion are crucial impacts on the mechanism of
turbulent explosion, which could be studied in future works for a
better understanding on explosion characteristic.
4. Conclusions

The present work made a comparative study on turbulent ex-
plosion characteristics of CO/H2 mixtures between CO-enriched
(the mole ratio of CO was 70%) and H2-enriched (the mole ratio
of H2 was 70%) with different equivalence ratios (4, from 0.4 to 3.0)
and turbulent intensities (u'rms, from 0 to 1.309 m/s) under stan-
dard condition. Main conclusions were summarized as the follows:

(a) The peak value of maximum explosion pressure (pmax) was
attained in the stoichiometric H2-enriched mixtures but in
fuel-rich (the corresponding 4 was about 1.2) CO-enriched
mixtures. With the increase of u'rms, pmax monotonously
rosed in the linear, the growth extent in fuel-rich explosions
seemed highly sensitive to u'rms for the H2-enriched
mixtures.

(b) The lowest value of explosion duration (tc) was attained in
fuel-rich mixtures for both CO-enriched and H2-enriched
syngas, but the corresponding 4 were different. With the
increase of u'rms, the value of tc would be reduced, and the
decline rate extent became narrow with the increase of 4.
The effects of H2 amount on the ignition delay time and the
enhancement of flame instabilities induced by turbulence
were regarded play more important roles than the flame
corrugation caused by eddies.
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(c) Themaximumpressure rise rate ((dp/dt)max) expressedmore
similar variation regulations to tc rather than pmax, namely,
flame speed played the dominant role on the evolution of
pressure rising. Since the interaction of turbulence and
intrinsic instabilities were more significant to H2 premixed
flames, the variations of (dp/dt)max to u'rms were more
noticeable in H2-enriched explosions.
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