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A New Thermal Mixing Efficiency Formula and Its
Application in Integrated Afterburner

LIU You-hong, DU Li-wei
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Abstract: A new Liu—Du thermal mixing efficiency formula was proposed to overcome the shortcoming of
the widely used Liu—Xie thermal mixing efficiency formula in the case with internal heat source (such as after—
burning). The Liu—Du thermal mixing efficiency formula can be used to investigate the mixing process within the
integrated afterburner for both the non—after—burning and after—burning case. Through analyzing the detailed
equation, the Liu—Du thermal mixing efficiency formula was validated by the physical theory. Besides, the Liu—
Du thermal mixing efficiency formula was compared with the Liu—Xie thermal mixing efficiency formula for the
non—-after—burning case. By using the Liu—Du thermal mixing efficiency formula, the influence of lobe inward
penetration angle on the mixed flow field was studied. When the lobe inward penetration angle increased, the
magnitude of the Liu—Du thermal mixing efficiency is found to be enhanced for the mixed flow field near the outlet
cross section. In the outlet cross section of the integrated afterburner, Liu—Du thermal mixing efficiency of the
case with a lobe inward penetration angle of 25° has a magnitude of 0.779 and the magnitude has augmented
10.9% as compared with the 0° case.
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Fig.1 Thermal mixing efficiency for the case with a lobe
inward penetration angle of 10° under the non-afterburning
state
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Fig. 2 Geometry of the investigated integrated afterburner
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Table 1 Fundamental dimensions of the integrated

afterburner
Name Value
Inner diameter of the core flow entrance 0.5866D
Outer diameter of the core flow entrance 0.8190D
Inner diameter of the bypass flow entrance 0.8533D
Outlet diameter 0.8476D
Axial length 1.5352D
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Fig. 3 Geometrical models with different lobe inward
penetration angles

(a) Overall mesh

(b) Mesh of the cavity flame-holder
Fig. 4 Three dimensional mesh used in the simulation of
flow field
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Table 2 Mass fractions of the gases in both the core and

bypass flow entrance

Name Core flow Bypass flow
N, 0.7501 0.7652
0, 0.1468 0.2200

CO, 0.0741 0.0099
H,0 0.0290 0.0049
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Fig. 6 Geometrical model used in the validation

investigation
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Fig. 7 Comparison between simulation and experimental

results

FRAE P 7 X% e 25 3% B E 5 25 1 e ) (B
28] f5 KR B R 25 O 704K, X R A X R 22
4.9% . F TN LE R 25 R AT LAAS ) - ol = 4E DA
TR e SR it 2% Simple Reacting Parcel Foam 55 d S5
AR fifk 4 K4 BB R 5 TSR Y, WD L Ty A



H39% BT

BT IATR G R o AR — AR I ke 2 v g g 1521

i

P = e AR i U R R U O B E Y, B
R LA R
57 HR5HH
5.7.1  JJPIRAS T BRR G R0R
BT WM 5K A 108 A 15 2] T RS
R f7 45 R 5 1 — 20 R U - R B RCR A K
DL R XA BOR G B A X THR A 2R & i h 4
TR G RO I ] 1 A8 AL AR, Q&L 8 T s
038
06} e

041 -~

041 —=— Liu-Xie, Mo
_06} —* LiwDun,

08 P S S T SR SR S
0.0 0.1 02 03 04 0506 07 0809 1.0 1.1
Lmix/D

Fig. 8 Thermal mixing efficiency for the case with a lobe

inward penetration angle of 10° under the afterburning state
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Fig. 9 Liu-Xie thermal mixing efficiency for the cases with
different lobe inward penetration angles under the
afterburning state
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Fig. 10 Liu-Du Thermal mixing efficiency for the cases
with different lobe inward penetration angles under the
afterburning state
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