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Thermal cracking of aviation kerosene for scramjet
applications

ZHONG FengQuan, FAN XueJun', YU Gong & LI JianGuo
Key Laboratory of High Temperature Gas Dynamics (LHD), Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China

Thermal cracking of China No.3 aviation kerosene was studied experimentally and analytically under
supercritical conditions relevant to regenerative cooling system for Mach-6 scramjet applications. A
two-stage heated tube system with cracked products collection/analysis was used and it can achieve a
fuel temperature range of 700—1100 K, a pressure range of 3.5—4.5 MPa and a residence time of ap-
proximately 0.5—1.3 s. Compositions of the cracked gaseous products and mass flow rate of the
kerosene flow at varied temperatures and pressures were obtained experimentally. A one-step lumped
model was developed with the cracked mixtures grouped into three categories: unreacted kerosene,
gaseous products and residuals including liquid products and carbon deposits. Based on the model,
fuel conversion on the mass basis, the reaction rate and the residence time were estimated as func-
tions of temperature. Meanwhile, a sonic nozzle was used for the control of the mass flow rate of the
cracked kerosene, and correlation of the mass flow rate gives a good agreement with the measure-
ments.

thermal cracking, aviation kerosene, lumped model, scramjet applications

1 Introduction lumped model groups cracked products into several ki-

] ) netic lumps and regards them as pseudo-products'”’. The
Hydrocarbon fuels have been considered as the primary

) ) ) ; cracking process is then simplified to a few reactions
coolant in regenerative cooling system for hypersonic

associated with the pseudo-products. Despite of lack in

. . [1.2] . - .
applications™".. For high Mach number (=5) flights, by the cracking details, the lumped model reduces the com-

absorbing heat from the combustor wall, the fuel is eas-

. o e plexity of reactions and has been widely used for engi-
ily heated to a temperature at which significant thermal

neering problems. Sheu et al.™ developed a three-step

cracking occurs. In thermal cracking, the bonds of large
molecules are broken and thousands of decomposition
processes take place. Thermal cracking is usually an
endothermic reaction'*), which can provide extra heat
sink for the cooling. To study the cracking process,
various chemical models have been developed, which
can be divided into two categories in general: detailed
model and lumped model. The detailed model may in-
clude hundreds to thousands of elementary reactions,
and is complicated and not practical for engineering ap-
plications. So far, most of the detailed models have been
developed for only pure hydrocarbons such as n-decane
and n-dodecane!® ®. Compared to the detailed model, a

lumped model for Norpar-13 cracking based on the ex-
perimental data of a heated tube system. They incorpo-
rated it into a 2-dimensional computation and the calcu-
lated wall temperatures were in good agreements with
the measurements. Ward et al.”! proposed a concept of
“proportional product distribution (PPD)”, which de-
scribes that for mild cracking, a product forms at con-
stant proportion with respect to the other products. With
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the PPD assumption, a one-step model was developed
for mild cracked n-decane and n-dodecane. Tran and
Chen!! proposed a one-step lumped model for Nor-
par-12 under supercritical conditions and the model pa-
rameters such as activation energy were extracted from
the experimental data. To our knowledge, no study of
thermal cracking of aviation kerosene under supercriti-
cal conditions has so far been reported. Hence, one ob-
jective of this work is to investigate thermal cracking of
aviation kerosene under supercritical conditions relevant
to a regenerative cooling system for Mach-6 scramjet
application.

Another objective of this work is to develop a method
for prediction and control of mass flow rate of thermal
cracked kerosene. It is known that with light-molecule
species produced, the fuel density decreases signifi-
cantly and its compositions change as functions of fuel
pressure and temperature. An effective fuel heating and
injection system needs to account for these factors to
achieve a reliable control of the mass flow rate. In our
early study, a sonic nozzle was used for the control of
mass flow rate of supercritical kerosene!'™''! It is know
that the heated fuel flow is choked at the nozzle throat
and its mass flow rate is then fixed. With the tempera-
ture and pressure upstream of the nozzle known, the fuel
mass flow rate can be determined analytically!'?. Our
early studies''") have proved that the analytical method
can provide good predictions of the mass flow rate at
fuel temperatures from 650 to 800 K and at pressures
from 3 to 5 MPa. For cracked kerosene, however, the
above method is no longer valid since the fuel composi-
tion and thermodynamic properties are changed dra-
matically. To predict the mass flow rate of the cracked
fuel accurately, the analytical method needs to be modi-
fied with a cracking model.

In this paper, thermal cracking of China No.3 aviation
kerosene was investigated in a heated tube system. The
heating system has been used for our previous stud-
iest' 1314 For the present study, the fuel pressure was
in the range of 3.5—4.5 MPa, higher than the critical
pressure (~2.4 MPa) of the kerosene and the fuel tem-
perature varied from 700 to 1050 K. The fuel residence
time was estimated as approximately 0.5—1.3 s, de-
pending on operation conditions. The mass flow rate of
the kerosene, the fuel conversion and components of the
gaseous products were determined experimentally.
Based on the experimental data, a one-step lumped
model was proposed, which divided the cracked kero-

sene into three groups: unreacted kerosene, gaseous
products, and a residual including liquid products and
carbon deposits. Compared with the measurements, the
modified analytical method gave good predictions of
mass flow rate of cracked kerosene. Many of the crack-
ing properties, such as reaction rate, the residence time,
etc. were determined based on the experimental results
and the lumped model.

2 Experimental set-up
2.1 The kerosene heating system

To minimize the fuel coking at high temperatures''”), a
two-stage heating system was designed and is shown in
Figure 1. The first stage was a storage type heater that
could heat kerosene of 2 kg up to a temperature of 570
K within half an hour with negligible coking deposits.
The second stage was a flow reactor type heater, which
could rapidly heat the kerosene to a temperature of up to
1100 K. The residence time of kerosene in the second
heater was relatively short, less than a few seconds.

2nd stage heater

To fuel collection system

-&P Pressure sensor -t Flowmeter

Pressure gauge sk Solenoid valve
B} One-way valve C3 Stainless steel tube ﬁ Pneumatic valve %— Manual valve

£ Thermocouple P75, Heating tape

Figure 1 Schematic diagram of the two-stage heating system.

The first-stage heater consisted of a 20 m long
stainless steel tube with 20 mm outer diameter and 2
mm wall thickness. The tube was wrapped with five 960
W heating tapes, which could be controlled independ-
ently in order to achieve a uniform temperature distribu-
tion along the tube. The second stage heater was made
of stainless steel tube with 16 mm outer diameter, 2 mm
wall thickness and a total length of 22 m. In order to
rapidly raise the fuel temperature, the tube system was
heated electrically by passing a current through the tube
at 80— 100 DC voltages from a pulsed AC/DC welder
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power supply of 30 kW.

As shown in Figure 1, pneumatic valves were em-
ployed to turn on/off the two heaters. Type-K thermo-
couples were spot-welded to the outer wall of the heater
tubes to monitor and achieve a feedback control of the
wall temperature distribution. At the same locations with
respect to the wall thermocouples, type-K sheath ther-
mocouples with a sheath diameter of 0.5 mm, were
mounted through the tube wall and positioned at ap-
proximately the tube centerline for the measurement of
fuel temperatures. After each run, nitrogen and air were
used to purge the residual kerosene and to eliminate the
carbon deposits in the tube system.

2.2 The kerosene collection and analysis system

A schematic diagram of the kerosene collection and
analysis system is shown in Figure 2. The mass flow rate
of the cracked kerosene was controlled using a sonic
nozzle with a throat diameter of 2.55 mm installed at the
exit of the second heater. After the sonic nozzle, the
cracked fuel mixture was cooled to the room tempera-
ture using a water condenser. The liquid products and
carbon deposits were then collected and weighed, while
the gaseous products were collected using a container
immersed in a water pool and its volume was measured
by the volume of water displaced. Compositions of the
gaseous product were analyzed using gas chromatogra-
phy. The mass flow rate of the kerosene was directly
measured by the total mass of the liquid (including car-
bon deposits) and gaseous products collected per second.
Table 1 presents summary of the test conditions.

Chromatograph

Cracked
kerosene

Vapor kerosene
condenser

”’ e
Gaseous hydrocarbons
collector

Kerosene container

2&- Solenold

= One way valve = Flow rate meter

fi Pncumatical valve &8 Thermocouple % Pressure sensor

# Regulator @ Pressure gauge
Figure 2 Sketch of the kerosene collection system.

Table 1 Summary of test conditions

Pressure Temperature Mass flow Residence
(MPa) (K) rate (g/s) time (s)
3.5—45 700—1050 25—60 0.5—1.3
2646

3 Experimental results

3.1 Compositions of kerosene and its cracked prod-
ucts

On the volume basis, China No.3 kerosene is composed
of approximately of 53% Alkanes, 39% Cycloalkanes,
5% Benzenes and 3% Naphthalenes. Figure 3 gives the
compound mass fractions by carbon numbers and an
overall chemical formula is found to be approximately
C1Hz15. As introduced in our previous study[lo], a 3-
species surrogate that consisted of 63% n-dodecane,
30% 1,3,5-trimethylcyclohexane and 7% n-propylben-
zene (molar fractions) was proposed, and with Nist Su-
pertrapp[l(’], the model can calculate thermodynamic
properties of the uncracked kerosene when fuel tem-
perature is lower than 800 K.

Mass fraction (%)

6 7 8 9 10 11 12 13 14 15 16

Carbon number

Figure 3 Mass fraction of carbon number for China No.3 kerosene.

When cooled down to ambient condition, the cracked
products mainly include liquid and gaseous components.
The collected liquid products also contain carbon depos-
its from coking and some tar-like materials. Composi-
tions of the liquid products are very complex and diffi-
cult to be analyzed accurately. In this study, the liquid
products including the carbon deposits and tar-like ma-
terials were approximated by a pseudo-product in the
form of C,H, and the values of x, y could be determined
according to the experimental results.

The primary gaseous products were low molecular
number (C1—CS5) alkanes and alkenes. Figure 4 shows
the chromatography result of hydrocarbon compositions
of the gaseous products collected at different tempera-
tures and at a pressure of approximately 4 MPa. Hydro-
gen was also detected and a molar fraction of approxi-
mately 7% was found for all the fuel conditions. From
Figure 4, it is found that the mass fraction for each
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product does not change significantly with temperature
except methane at the lowest temperature of 820 K.
Thus, for the first approximation, composition of the
gaseous products is considered to be independent of
temperature and it can be determined based on the aver-
aged values at varied temperatures. Table 2 gives the
surrogates for the unreacted kerosene and for the gase-
ous products from the cracking. The chemical formula
of the gaseous product including hydrogen can be ap-
proximated as C, gHs and the molecular weight is 26.6.

50 ————
I 7771820 K
40} 870K
[ I 900 K

[J920K

30

Mass fraction (%)

CH, CH
Gaseous products

Figure 4 Hydrocarbon compositions of gaseous products at different
temperatures.

Table 2 Surrogate compositions (mole fraction) for China No.3 kerosene
and its gaseous products by thermal cracking

Surrogate for China No.3 kerosene  Surrogate for gaseous products

n-Dodecane 0.63 CH,4 0.33
1,3,5-trimethylcyclohexane  0.30 C,H; 0.19
n-propylbenzene 0.07 C;Hg 0.13
C,Hy 0.14

C;H, 0.14

H, 0.07

Average molecular weight ~ 153.3 26.6

Average chemical formula CyHy 3 C,sHs

3.2 The kerosene conversion

Since kerosene is a mixture consisting of hundreds of
hydrocarbons, it is very difficulty to define the actual
percentage of cracked kerosene. Edwards and Ander-
son''”! defined a conversion of fuel to the gaseous prod-
ucts based on the change in the volume. In this study, the
total mass of the liquid mixture m (including the unre-
acted kerosene, liquid products and carbon deposits) and
the total mass of the gaseous products m, were measured.
So, a conversion of fuel to the gaseous products can be
defined based on the mole fraction of the gaseous prod-
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ucts.
N my | Hy .
N, + Ny mg[u, +my [

X &)

The collected liquid mixture can be further divided
into two groups: unreacted kerosene with a total mole
number of Ny and residuals (including liquid products
and carbon deposits) with a total mole number of Ns.
Hence, the average molecular weight of the liquid mix-
ture £4 can be calculated as

— ;ures//uk +Nk/Nres
l+]vk/]\/vres

Hy Hy- (2)

If the average molecular weight of the liquid mixtures
i 1s approximated as the molecular weight of the unre-
acted kerosene for the first approximation, then the fuel
conversion becomes

: mg /1
7. = g/ g , (3)
mg//’lg-‘rmL/ﬂk
ie.,
, 1
Xe “4)

1+(Nk +Nres)/uL/(Ng/uk)'
All the variables in eq. (3) can be measured experi-
mentally. Hence, the fuel conversion y, can be deter-

mined and the result is shown in Figure 5 as a function
of temperature. It is found that at temperatures lower
than 800 K, ;(é is nearly zero, indicating no significant

thermal cracking occurs. When the temperature exceeds
800 K, y, starts to increase rapidly and at a temperature

of approximately 1000 K, y; reaches a value of 0.9.

Beyond this temperature (1000 K), no further increase in
X is found, which implies at a temperature of 1000 K,

kerosene is almost completely cracked. The maximum
X, is approximately 0.9, less than 1.0, which reflects

molar fraction of the liquid products from the cracking.
For the current study with a pressure range of 3.5 to 4.5
MPa, the results appear to be independent of the fuel
pressure. From the figure, results of y, can be repre-

sented by the following formula:

, 1

Le ~a(T-T;) ®)

l+a+e

where a=0.11, @=0.0455 and 77=897. Eq. (5) is plotted
in Figure 5 for comparison.

2647
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Figure 5 Nominal mole fraction of gaseous products ,(; as function of

temperature.

According to eq. (4), we have

. N
a=lim L'ures. (6)
T—® Ngﬂk

Since the total mass is conserved during the cracking
and if the total number of kerosene fed is Ny, then
NO:uk = Nk#k + Ngfug + Nres:”res' (7)
The exact fuel conversion based on molar fraction is
defined as eq. (1). It can be written as

1
Xe = v )
£ 1+ Nk + Nres
N,
Combing egs. (4) and (5), we find
(Nk +Nres)/’lL =a+efa(T*Tf). (9)
Ng/uk
Substiuting eq. (9) into eq. (8), we have
1
o = . (10)
7T
Hy

In the above equation, g4 is the only unknown vari-
able and its distribution with temperature can be deter-
mined by a lumped cracking model as described in the
next section.

If 7, and 44 are known, the overall averaged molecu-
lar weight z can be calculated as

g+t (a+e T

4 A (g 4 ooy
Hy
It is also easily seen that from eqgs. (4), (5) and (7), we
have the following relation:

. (11)

/L_l:Zg:ug +(1_lg)/'lL =

2648

N _ ! . (12)

N, K T
0 T8 gy

Hy

3.3 The mass flow rate
The measured mass flow rate divided by cross area of

the nozzle throat (Aq*j at various temperatures and

pressures are shown in Figure 6. For the fuel pressure

other than 3.5 MPa, the measured value of i* is con-

verted to that at 3.5 MPa by (i*j;_s It is found that
A f

the mass flow rate decreases significantly at a tempera-

ture from approximately 800 to 970 K, which indicates

the change in the composition of the fuel mixture as a

result of the cracking process.

s)

g/A* at 35 atm. (g/mm’ -
T
-

O-|-|-|-|-|-|-|-
700 750 800 850 900 950 1000 1050 1100

Fuel temperature (K)

Figure 6  Distribution of the mass flow rate per unit area (at pressures
converted to 3.5 MPa) as function of temperature.

Since the flow of cracked mixtures is chocked at the
nozzle throat and its mass flow rate ¢ can be calculated
by refs. [10, 11]

(13)

A*
q=—2—cr(»),
JRT /7

(7+1)

( 2 j(yl)
}/ [
I+y

because the degrees of freedom of the unreacted kero-
sene and mixture of the cracked products are very large.
Coefficient ¢ is a discharge coefficient and the value is
set as 0.91 accounting for the pressure loss through the
sonic nozzle.

Once the average molecular weight of the cracked

where f(y)= and yis approximately 1.2

Zhong F Q et al. Sci China Ser E-Tech Sci | Sep. 2009 | vol. 52 | no. 9 | 2644-2652



fuel mixture #(7) is determined, using eq. (13), the

mass flow rate can be determined by the pressure and
temperature upstream of the nozzle.

4 A one-step lumped model
4.1 Development of the lumped model

The cracking process can be approximated as a global
reaction as described as follows:

Kerosene — v, gases + v, residual (14)
where v, and vy are the stoichiometric coefficients and
will be determined later.

The reaction rate of eq. (14) is assumed to be first or-

der, Arrhenius form, i.e.,
dn,

—~=—kN,. 15
m k (15)

Thus, we have
Ny =Noe™, (16)

where the cracking rate constant & is generally a function
of fuel temperature. From eqgs. (15) and (16), the mole
numbers of gaseous products and residuals are

N, =v,N,(1-¢™), (17)
Nres = vresNO (1 - e_kl)' (18)

If u.,,the overall molecular weight of the residuals,

is approximated as a constant, substituting eqs. (17), (18)
into (6) gives

vl’ES/'ll’eS =q. (19)
Vo My
The reaction formula, eq. (14), leads to
My = vg/ug + VresHres (20)

Determination of the overall chemical formula of the
residual is described as follows. It is known that

a:l@’ (21)
B ik

Ve
where f[=—.
vI‘ES

Taking the high temperature limit of eq. (11), we can
get

1
lug +— Hres

rpe =L (22)
1+—

The averaged molecular weight of the cracked mix-
ture at infinite temperature zz, .~ can be approximated

as the value at high temperatures (=1000 K), at which
the kerosene is completely cracked. The mass flow rate
(per unit area) at a fuel temperature of 1050 K was
measured to be 3.15 g/mm?; using eq. (13) inversely, the
overall averaged molecular weight # at 1050 K (an

approximate value for zz, ) was calculated to be 20.
The small value of zz. indicates that at high tem-

peratures, there is a large amount of low molecular
weight species in the cracked mixture. The low molecu-
lar weight species could be a mixture of free radicals
and molecule fragments, such as CH, CHj3, etc. They can
exist at high temperature but would be absorbed into the
liquid products in the form of carbon deposits after
cooled down to the ambient temperature.

With @ and g, ., known, f and t4, can be deter-

mined by solving egs. (21) and (22). Assuming the av-
eraged chemical formula of the residual is C.H,, we
have

1224 9 = fy. (23)
By using C;1H,, ; for the kerosene and C, gHs for the

gaseous products, from eq. (20), we have two equations
with respect to C and H elements:

v (188 +x) =11, (24)

Vs S +y)=21.3. (25)
Solving eqgs. (23)—(25), x, y and v, can be obtained
and the result is summarized in Table 3.

Table 3 Parameters for the lumped model

a Hr B Hres Ve Vies x y

0.11 20 0.85 14.4 3.53 4.15 1.12 1.02

4.2 The reaction rate

The overall averaged molecular weight z can be writ-

ten as
— Nomy 7z
/J = 077k = k —kl‘ . (26)
N+ Ny + Nigg vy v + (1=, — v )e
The mass flow rate in the heated tube is
Pudu
q=pud=—7—7"—. (27)
RT

And the fuel velocity can be calculated by
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A

qRT

=2 28
= (28)

It is anticipated that the fuel flow is going to acceler-
ate as kerosene cracks into small molecules and the den-
sity of the mixture decreases. If the length of the tube
section with significant thermal cracking is L (approxi-
mately one-third of the total tube length for the present
study) and the pressure and temperature through this
section are nearly constant, then

T T
L:judzzﬂ % (29)
0 PA | 1

Substituting eq. (26) into eq. (29), we get

-k
(Vg + Ve )Th + (1= v, =y, )1 =€)
_ LPIjI/Jk k= Tok, (30)
qRT
where 7, = and it represents a characteristic time.
qR.T

With eq. (13), we have
AL1 1 Rz
Ty=—————— . (€2))]
A" ¢ () RNT
It is known from eq. (12) that

N, 1
Fg = =v,(1-¢™). (32)
o He e ™D
Hyi

Thus, by using eq. (32) and substituting k7 into eq. (30),
we have the reaction rate constant & as

. 1- Ve = Vies 1
k oV He e
Hy
1 1
— (v + V)| 1— . (33)
Vo Mg L =T
My

Figure 7 gives the calculated & as a function of tem-
perature. It is found that the change of & can be ap-
proximated by an exponential formula given as follows:

_fEa
k=Ae RT (34)

where 4=7.2x10""/s and E,, the activation energy, is
approximately 67.5 kcal/mol.

10 5 i y
. E
u
g 1+ E
2
2
S 014
w 3
= —— Eq.(33) ]
0.01 4 -=== Eq. (34) with 4 = 7.2x10", 3
E = 67.5 kcal/mol E
0.001

¥ T ¥ T T T ¥ T T T T
800 850 900 950 1000 1050 1100

Fuel temperature (K)

Figure 7 Reaction rate as function of temperature for the lumped model.

The exponential curve eq. (34) is also plotted in
Figure 7. A good agreement between k and eq. (34) is
found in the temperature range of approximately 800—
960 K. Table 4 presents results of coefficient 4 and
activation energy E, for the current study and for the
thermal cracked decane and dodecane (the two main
components for common aviation kerosene) reported
by refs. [5] and [8]. It is found that the parameters ob-
tained by kerosene thermal cracking are close to those
by decane or dodecane cracking even though kerosene
consists of hundreds of hydrocarbon components. To
our knowledge, no reports on reaction rate of thermal
cracked kerosene have so far been found. The present
result provides a reference of reaction parameters for
analytical study and numerical simulation of kerosene
thermal cracking at supercritical conditions.

Table 4 Reaction rates for China No.3 kerosene and n-alkanes
China No.3 18]

Decane' Dodecane'®  Decanel™
kerosene
E (kcal/mol) 67.5 63 65 64
A@ET" 7.2x10" 2.1x10" 1x10' 1x10'0

4.3 The fuel conversion

The fuel conversion on the mass basis can be defined as
the mass fraction of the cracked kerosene as follows:

K = mg + Mg ’ i.e., Ng:ug + Nres:ures ] (35)
my Nty
. . Ng vg . .
Considering =——= [ and substituting eq. (12)
res vrcs

into eq. (35), we have

p :ﬁ(ﬁg@J
" No\ e B 1
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1 1
= (ﬁJr_@]. (36)
He | oy oot (e Bt
Hy
Distribution of y;, with temperature is shown in

Figure 8. It is found that the change of y, with tem-
perature gives a similar trend of Zé, but smaller values

at temperatures from 800 to 970 K. The gaseous prod-
ucts have larger fraction on molar basis due to the small
value of the molecular weight, which causes a relatively
large value of y,. When temperature is higher than

1000 K, ym approaches 1, indicating the completeness of
the thermal cracking.

1.0 T T
5 g 084 -
= .2
235
2 E 064 |
£ g
25 044 .
== !
S «
25 !
28 024 /) — Ea.(36) ]

. ——— ).'-_", = ”( 1.1 1+c—n.m55:'l'-89'.';]
0.0 === ' T T r
800 850 900 950 1000 1050 1100
Fuel temperature (K)
Figure 8 The fuel conversion define by mass fraction of cracked kero-

sene.

4.4 Correlation of mass flow rate
The average molecular weight of cracked mixture u

can be determined by eq. (11). With eq. (13), the calcu-
lated mass flow rate per unit area at a pressure of 3.5
MPa is shown in Figure 9. From the figure, a good
agreement between the calculation and the measured

1.6 T T T T T

1.4 - ]
12 1
1.0 4 4

0.8 - g

Residence time (s)

0.6 - J

(a)

0.4 : T . : :
800 8BS0 900 950 1000 1050

1100

Fuel temperature (K)

Density (kg/m’)

mass flow rate is found, illustrating the validity of the
analytical method and the one-step lumped model. For
comparison, the fuel mass flow rate predicted with the
3-species surrogate proposed in our previous study!'”
for uncracked supercritical kerosene is plotted in the
figure. At relatively low temperatures of 700 K<T<
820 K, where thermal cracking is negligible, predictions
of the mass flow rate by the 3-species surrogate agree
well with the experimental results. It, however, gives
much larger values than experimental results at tem-
peratures higher than 800 K. It is shown that composi-
tions of the cracked mixtures change due to thermal
cracking at temperatures higher than 800 K and the
3-species surrogate model is no longer valid.

s)

®  Experimental data
Eq. (13) 4
---- Uncracked kerosene surrogate 1

g/A* at 35 atm. (g/mm’ -
=

800 850 900 950 1000 1050 1100

Fuel temperature (K)

0 T
700 750

Figure 9 Correlation of the mass flow rate (per unit area) by the crack-
ing model.

4.5 The residence time

With egs. (30) and (33), the residence time of the kero-
sene flow 7 can be solved and the result is shown in
Figure 10(a). The residence time decreases from ap-
proximately 1.3 s for 7~800 K to 0.5 for 7~1100 K. The

80 1 ]
70 ]
60 ]
50 ]
40 ]
30 ]
20 ]
10 ]

(b)
0 T T T T T

800 850 900 950 1000 1050

1100

Fuel temperature (K)

Figure 10 Distribution of the residence time (a) and density of the cracked mixture (b).
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decrease in the residence time with temperature is at-
tributed to the decrease in the density of the cracked
mixture and the increase in the fuel velocity as tempera-
ture increases. Figure 10(b) gives the density as a func-
tion of temperature (pressure is 3.5 MPa), which con-
firms the above explanation.

5 Conclusions

Thermal cracking of China No.3 kerosene was investi-
gated via a two-stage heating system at supercritical
conditions relevant to Mach-6 scramjet applications. For
the current study, the kerosene flow varied at tempera-
tures of 700— 1050 K, at pressures of 3.5—4.5 MPa and
the residence time between approximately 0.5—1.3 s. It
is found that thermal cracking begins at the temperature
of approximately 800 K and almost completes at the
temperature of 1000 K. Compositions of the gaseous
products were found to be comprised mainly of low
molecular number (C1—C5) alkanes, alkenes and
hydrogen, and slightly to vary with temperature. Based
on the experimental results, a one-step lumped model
was proposed with the cracked mixtures grouped into
three categories: unreacted kerosene, gaseous products
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