Low-Order Model of the Impact of Combustion
Inefficiencies in RDCs

Provence Barnouin!, Eric Bach!: Christian Oliver Paschereit!, Ephraim J. Gutmark?, Myles D. Bohon!

1 Technische Universitat Berlin, Chair of Fluid Dynamics, Berlin, Germany
2 University of Cincinnati, Department of Aerospace Engineering, Cincinnati, USA

Motivation Loss Mechanisms
. . . Wave speed propagates at
In experimental rotating detonation combustor 0/ ono — | Total Heat
. . 70%-80% CJ speed Remaining Detonation I ,
(RDC) studies, the detonation wave often reactants w release:
— X v =y
propagates at 70 - 80% of the Chapman— Oxidizer
Jouguet (CJ) speed. \ Adiabatic Adiabatic
This discrepancy between experiments and mixing mixing iy
theory partly stems from idealized flow RDC top YVRTESSr — NG
assumptions of Zeldovich-von Neumann-Déring VIEW P combustion deta"a;ion
(ZND) theory, which does not account for Figure 1 Typical observations in T
losses. experimental RDCs (1-Y) Detonation supporting mechanisms
It is hypothesized that the differences in detonation characteristics between Loss mechanisms
experiments and theory are due to a partial heat release generated by these loss , |
mechanisms Figure 2 Non-ideal heat release processes
Injection loss mechanisms (non-ideal mixing, backflow of products into the plenum Domain parameters:
and interaction of products with fresh reactants) affect detonation characteristics * Athree-parameter domain is defined (¥, w, ) with ¥, w, x¥ € [0, 1].
and pre-detonation gas states. (2 Proportion of fuel that is well-mixed

The objective of this study is to estimate the impact these mechanisms may have

. . . 1- P ti f fuel in the buff
on the combustion and detonation properties. (1-4p)  Proportion of fuel in the bufter zone

W Proportion of fuel that survives the injection and mixing period

(1-w) Proportion of fuel burned through parasitic deflagration heat release

L Ow-0 rd er h eat rel ease al g or | t h m X Proportion of heat release within the detonation

(1-¥)  Proportion of heat release not within the detonation (wall heat loss, friction)

Boundary Conditions: Inputs: p3z, T32, Gdef —  The fraction of heat release that supports the detonation wave propagation
| [ - S - _
 There are three inputs to the model: Seflagration © \ and is v =yYwy. For a CJ detonation, (Y, w, x) = (1, 1, 1). y
the pressure just before the arrival of I |
the detonation wave, p,,, the Adiabatic mixing, @ ge; is found .
. |
temperature in the annulus, T3, and De, Pre||m|nary reSUItS
the global equivalence ratio, ¢. 1 ek bar
. ¢a ressure ar
® The global equivalence ratio) ¢ iS Detonation properties (ZND} Loop over w Wa\r'espee[d]]) [m/s] Pressure l[‘a]tmir[-] ’ [;pﬂk
determined by the relative progortion Setonation in;ﬁiciencyx* P-ﬁ—'ffT—ZjﬂK ”:QX“:G o “:';'X“:ﬁ 07 08 09 00 07 0F ‘:'.";'X“:6 07 o8 o
of the total mass flow rates I ! 09 || =T~ 300K % o
. _ _-"-""T=?ﬂﬂK ~
 The local equivalence ratio for the M, , is calculated 00 *;zj -
detonation process is impacted by both ' c | o6\ |
Dx — 3 0.5 T~
Y and w. I 2 l
* Convergence is determined by the Detonation properties for x (ZND) Loop over X % 0.9 fl——p = 2 bar
comparison of wave speed, D, pressure ' _ o0 |~ os
: D, T, Ppeak OVer (X, @) domain < |30 ) 2aa
ratio, 7, and peak pressure Ppeqr- Preak i(XJ ) 3 y &
Do Dg, g, Ppeak £ iNtersect? G’EJ_ 0.5 e
(¥ |
Figure 3 Outline of low-order i 0.9
Reduced Mach Number: heat release algorithm =" Vg
* The detonation velocity is obtained from CJ theory, and the heat release that drives : AN T || | | | —
the product gases to the sonic condition, q¢y, is calculated from ZND theory. "o e e e
* The parameter y is then used to scale q¢; such that y q¢; represents the modifiec Increasing detonation efficiency
heat release. Figure 6 Sensitivity study
20 . . .
. * The impact of the three inlet parameters, T and ¢ on the wave speed
* The reduced Mach number, My, is obtained rlugoniot curve at qc, P . P . S P32 v PEEd,
| | - - —Rayleigh line atq pressure ratio and pressure peak is studied.
from the following equation: Hugoniot curve at g . . . . .
15 |  _ —Raykighlineatxqg, | * The wave speed, D, is sensitive to small changes in the equivalence ratio, ¢ (g).
2 ) . . .
v (Mf/ _ 1) o Non-reacted Hugoniot * Theinlet pressure p3, significantly affects the peak pressure, pyeqr (f):
2 cJ _ N o N
2(7 - 1) > ; SEIP RN _ Uncertainties in inlet pressure measurements could significantly affect the
C 2 Y—1as2 10 > .
0 My |1+ 5-My I LxMs Partial heat released xqc; at
= [~ reduced Mach hurmber M convergence between calculated and measured peak pressure values.
= X : . : :
« My accounts for the reduced contribution s * The results give insight on which parameters can be used to find the convergence
of heat release in the detonation wave. the between experimental and computed values. Particularly, given an inlet pressure,
. . e X the pressure ratio is a more robust measure of convergence.
impact of pre-combustion, and the shiftin | Sl \_ P 5 Y
the local equivalence ratio due to the ° P almy 1o
formation of a buffer region. : . :
Figure 4 calculated RH curves CO NC I usions

* Preliminary results using an experimental stable detonation run with D = 1480 . . . . .
/s and y iy 5 : P 07 05 * Preliminary results using an experimental stable detonation run with D = 1480 m/s
m/sandm =2.06 converge at (x, ) = (0.7, 0.5). and T = 2.06 converge at (y, w) = (0.7, 0.5), implying that almost half of the heat
06 0.7 0.8 0.9 D [m/s] 06 07 0.8 09 release undergoes parasitic combustion.
- Fpears = 54 bl * To estimate the size of the buffer zone, the individual air and fuel injector response
V 0.9 m—— 0.9 . . . . .
0:9 times will be calculated from a dynamic inlet model. From this, the equivalence
0.8 i 08 08 ratio of the deflagration can be updated in the heat release model.
w [] 600 @Il A parametric study is currently underway to determine the impact of boundary
0.7 0.77 107 . _ :
conditions on characteristic parameters in the RDC.
0.6 1500 0.6 0.6
05 5 W00 05 05 “This project has received funding from the European Union’s Horizon
0.6 0.7 0.8 0.9 0.6 0.7 0.8 0.9
X[l X [-] 2020 research and innovation programme under the Marie Sktodowska-
Figure 5 a) Variation of the detonation wave speed and pressure o.n the (w, y) domain b) Region Curie grant agreement No 956803”.
\_ of convergence between experimental and theoretical parameters. )
o Q// =

This document and the information therein are the respective property of involved parties for presentation at IWDP/ICVDCW workshop, and IWDP g ICVDCW % é ”\EIRE—EH\' :::l EUTHFE‘E.I'II |
are free from publication restrictions. They must not be copied or communicated to a third party without the prior written authorization o~ l‘ ’~ INSPIRIG PAESSURE AN GONELS TION NTEGRATION = : Commission



