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Project Objectives

Evaluate hybrid rocket combustion efficiency through quantitative, spatially-

resolved thermochemistry measurements via laser absorption tomography

Investigate the thermochemical structure of a hybrid rocket reaction layer to

provide insights into hybrid combustion physics and overall motor design

Develop quantitative metrics to describe the reaction layer progression and

characterize loss mechanisms that result in suboptimal performance
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Laser Absorption Tomography

Spectral absorbance of a molecule is related to thermophysical flow

properties through the Beer-Lambert law

Projected absorbance areas are obtained for single-plane measurements

through a scanned-wavelength direction absorption technique

Flow field symmetry enables Abel inversion, which relates projected

absorbance areas to the thermochemical field distribution

Scanned-Wavelength Direct Absorption

n Laser

I, - _
| 2
- <T> Detector —> —J v\*

A A n

Tomographic Reconstruction

Single-plane

A proj (I’ )
1

Abel
inversion

Beer-Lambert law

a = —In (;—;) = JOL(T)S(T(r))Xi(r)Pcpvdl

oe) L(T)
f adv = A(r) = f S(T(r)X;(r)Pdl
— 00 0

L(r)
= f K (r)dl
0

National Aeronautics and Space Administration

Jet Propulsion Laboratory
California Institute of Technology
Pasadena, California

Www.hasa.gov

Copyright 2019. All rights reserved.

Temperature

Kp(r)  S5:(T(r)) _

Ki(r) N 51(T(r)) = /)
Mole Fraction

Ki(r) K1)
51(T(r))P_Sz(T(r))P

X;(r) =

" TR Experimental Setup
8 DFB QCL - Measurement Plane
(4979 nm) N __ .............. | — Photodetector
AL S [T  Iis
____________ + Spectral filter
é} % OR . + CaF, plano-
D B Fuel grain
. . . convex lens
. Diameter: 2 in.
O : _ Lengths: 1.5-8 in.
N - Qrrnees .
L Pre-combustion chamber
DFB DIODE DFB DIODE
(2485 nm) (2475 nm) —— Injector
AN |l [gniter
Time-l\WSiqnal S Modular blocks
Legend
Features Pl Laser
 Remote ignition/valve control A Flat mirror

Temperature [K]

Choked orifice for flow control GOx % CaF, 50/50 beam splitter
Modular injector design 2

High spatial resolution (~0.5 mm radially)  Focusing mirror (= 200 mm)

Results
Case 1: PMMA/GOx w/ single-port injector
Aproj %107 T[K] XHZO
/OO0 T 5.5 3500 0.3
—x=2.5in. 0357 |—H.O T 7
- -x=5.0in o I
3000 - 1 0.3} > 3000 025
A 16
0.25¢ 4.5 10.2
2500 12500
_02°F = 1°
5 = 4 10.15
X
2000 0.15} |, 1 2000
3.9 1 0.1
017
1500 | 3 1500
00| 3 I I 0.05
1000 ——+—+——— 0 e 2.5 2 1000 0
0 0.08 0.16 0.24 0 0.08 0.16 0.24 03 0 013 -0.3 0 0.3 -0.3 0 0.3
r[in.] rlin.] r[in.]
Xco
Single-port , Case 1: PMMA/GOx w/ single-port injector o5
I 0.25
-0.3
» , ) Case 2: PMMA/GOx w/ showerhead injector 10.2
c : e | (0.15
Showerhead = -0.3
. Case 3: HDPE/GOx w/ showerhead injector | 0
: e —————— IO'05
-0.3 0
1 1.5 2 2.5 3 3.5 4 4.5 ) 9.5
X [in.]

Benefits to NASA-JPL

Developed a granular method to evaluate and
improve hybrid rocket performance through spatially-
resolved temperature/species measurements

Thermochemistry provides a basis for characterizing
performance impacts of different motor designs
under consideration for interplanetary SmallSats and
a Mars Ascent Vehicle

Resulting thermochemical data are useful for
anchoring reacting thermo-fluids models of
heterogeneous combustion
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