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In recent years, many turbofan engines that lack flight certification
have been repurposed for other applications, such as power generation
or providing air mass flow. This article investigates the feasibility and
characteristics of using a standard turbofan combustion chamber in a
ramjet application. One can of the combustion chamber from the
D30K engine, which is of a can-annular type, was selected as the basis
for this study. A redesign process was undertaken to determine the
geometry of the combustion chamber based on existing scientific and
technical literature. The geometric ratios of the D30K engine were
used for validation, demonstrating satisfactory adaptation. The Gas
Turb software was employed to determine the flow entrance
conditions for a combustion chamber applied in a ramjet engine.
Subsequently, the Fluent software was used to perform simulations of
combustion using a non-premixed liquid phase method. The results
indicated that, in this configuration, the induced vortices were not
strong enough to stabilize the flame, making the usage of a flame
holder essential. Additionally, a parametric study was conducted to
investigate the effects of the flame holder's size, number, position,
and distance on parameters such as pressure loss, maximum
temperature, Mach number, and flame stability. The results
demonstrate that a multi-flame holder setup positively impacts
performance, while more oversized flame holders are not
recommended due to undesirable effects.
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Table 1. Pressure loss for various types of combustion chamber [9].

Type of AP3_4 | AP3_4 | 103T30°
chamber Ps Qref ArerPs
Tubular 0.07 37 0.0036
Tubular - 0.06 28 | 0.0039
Annular

Annular 0.06 20 0.0046
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Table 2. Pressure loss for various types of combustion chamber

3.

Type of AP;_, APy_y | myT,%°
chamber Py Qref AperPs
Tubular 0.053 40 0.003
Tubular - Annular 0.054 30 0.0035
Annular 0.06 20 0.0045

doloms 0950 plml Y g0 il lp & e o
aw 4w ys 99580 b Gl e 0yl oyt cuenl )] dwsin
355 tuslme |y 51 )5 g 5 ¥ glabe ol g e

Dgd o dwbro (F) 5 (V) ©V¥oleo SaS &y s oyl

1-my?-2

Kope =1 — 2 > (v)
A132—3/qref —Ar

AL = kopeAres (¥)

555 shicl alaiom ol by 01 plosl sl yimgly 5
e pe Mo sl 05 1)) 1Y oo rbans doloea (gl +/A—+15 i
L o/A Jade [Vo] g2pe g o/FF Jade [O] 2pe /Y jlade [Y]

(j shad Y alads O*"T Caoddy b ol 00l dlgiiy jalaie

e Canddy j g0y

0.5
bl e Y ks Dy
Sl (2lg Jsb s 4 Cagh LY b Al |
04D )5.3 c>|).a 2 u_:jl.m Slael <LJ3| 2..».‘3-1.’ J}.‘o D)90 yd Ay o0

2Dy o [VY] gy 92Dy slaie V) 0] galye Mio) ol

[f] caS g5 oo Lmdi Gdozen b oS (wlos S slpeiy 1)
2 3
3D S Lez <7Dy (%)

19 ple & Cud ok Caglyl > agl ast (Sb
3,8 duwlne (V) galaly SaS a1y anb (ol Job les o 2505 )48
10 5)-\]

1. Pattern Factor



o> (sgeese g (558 Sl

)
l

Input inlet mass flow rate,
temperature and pressure

'

Calculation of ref area

A=)

A=

Calculation of liner area
LR oy e

'

Calculation of liner“diameter
b = [4&-“‘:)»

v

Calculation of primary zone
length
2 3
591. Slez £ 191.
Calculation of secondary

zone length

=50

!

Calculation of dilution
zone length
Ly = 15D,

'

Calculation of
recirculation zone length

Lpz = 2Dy

v

Calculation of secondary & dilution air

holes diameter
1435miT; P,
PiC; 4R’

AR

'

Correcting the discharge coefficient

valie

K=1+064{28%+ [48* + 1.568% (48— 7)]"%)

Cq=125(K— 1){[4K* - K (2 - B)?|*s)!

c ook ol ) edlitul g0 dlaisee sl 33,8 Jlogei =Y JSWS
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Table 3. Inlet flow division suggested by some references.

Mass flow
rate . . . .
Mmpz | Mgz mpz | Mcon
Reference
[5] 40 10 10 40
[6] 40 20 50 -

[10] 48.05 | 20.6 15.35 16

[13] 473 | 203 | 169 | 155

[14] 31.67 | 15.83 | 53.63 | 14.71
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Table 4. Data obtained by Gas Turb to design chamber.

Variable Value
Inlet correlated flow 2.3 kg/s
Outlet temperature of the chamber 1880 K
Inlet mach number of the chamber 0.14
Inlet mass flow rate of the chamber 19.937 kg/s
Inlet temperature of the chamber 640.51 K

Inlet pressure of the chamber 1270.241 kPa

Net thrust force 13.09 kN

Diameter of the chamber 230 mm

1. GasTurb
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Table 6. A comparison between the designed chamber
geometry and the D30K engine.

Length-to-| Length o Dilution
diameter | ratio of Diliren hole
Diameter- ; ir hol .
ISt ratio of the alrnole 1 yiameter
to-length diameter
Chamber 5 the secondary to
diameter il o rimal zone to to seconda
the P ry chamber ry
zone to the . hole
chamber diameter | .
the chamber . diameter
ratio .
chamber | length ratio

Designed| 0.3632 | 0.752 | 0.1822 | 0.0163 | 0.923

Motor

D-30K 0.2883 | 0.749 | 0.1113 | 0.0177 | 0.952
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Table 5. The designed geometry of the combustion chamber.

Variable Value m)
Chamber diameter 0.2880
Primary zone length 0.2168
Secondary zone length 0.1445
Dilution zone length 0.4336
Secondary air hole diameter 0.012
Dilution air hole diameter 0.013
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Fig. 2. The contours of temperature when injection is from
entrance center without flame holder.
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Fig. 4. Temperature contours while using flame holder.
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Fig. 7. The difference between two types of designed flame
holder.

35000

30000 29754.4
= 24587.5 24257;///5756L3
& 25000 £ L=
< Al 23036.5 —a— Different Angle
2 20000 o 232128 . |
£ —a— Same Angle
& O/zoaaos )

18510.1 Different spray rate
15000
10000
0 10 20 30 40 50 60

Distance from the tip of the flame holder to the origin (mm)

Sl il glgl )3 Lib cdl —A JSWd
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Fig. 11. Pressure loss for various flame holder distances.
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Fig. 12. Maximum exit temperature for various flame holder
distances.
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Fig. 15. Various numbers of flame holder and their difference
from the original one.
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Fig. 16. Pressure loss for various flame holder positions and
shapes.
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Fig. 14. The flame position for flame holder with 25cm distance
from inlet origin.
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Fig. 17. Maximum and exit temperature for various flame holder positions and shapes.
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Fig. 18. Streamlines around the flame holder.
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