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Overview

 Background/Motivation
* Rotating detonation rocket engine
(RDRE) heat transfer
* Design
e Calorimeter hardware design
* Experimental setup

* Heat Flux Trends

* Data Transformation
* Calorimeter Transfer Function (CTF)

* Computational Analysis /
» Conjugate heat transfer (CHT), boiling ¢/

* Future Work
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Background

UTSA LY I

e Detonation-based combustion

80 p-v Diagram

=S | 5000 T-s Diagram
— bumphroy cyc et
* Benefit space mission architectures 5 | Detonaton | £__
* Lower entropy (s) 2 same work for smaller 3k Peeestioh Em j
combustor size vs. deflagration "2 " 1000
Molar volume [m>/kmol] Molar entropy [J/molK]

» Detonation heat transfer
« Higher temperature (T)
 Periodic heating in RDRE walls
* Varies with configuration and operational setpoint
- No known heat transfer (HT) correlations (e.q., Bartz)
Cannot calculate HT = remain low-TRL
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performance in a methane-oxygen rotating detonation rocket engine. AIAA Scitech 2020
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Motivation

e (Canonical msmt: conduction

Heat Sink + Limited test time (<1000 ms)
(heavy copper)  Limited spatial resolution
- No steady-state trends
Optical ) 0 * Excellent spatial resolution
(slass or plastic - == o | imited test time (<1000 ms)
chamber) Requires calibration
; - No steady-state trends
Bykovskii et al. (2009)
-  Excellent test time ()
Axial Channel * Limited spatial resolution
(actively-cooled, e Real estate for sensors
bulk inlet/outlet) ———— - Limited local trends

To advance TRL, require steady-state (SS) local heat flux trends
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Calorimeter Design

e Circumferential channels _

* Enthalpy difference

Station # Channel # Station # Channel #
2

= — Q = mAh =~ mG(Tout - Tln)

* 3in. length

* 13 heat flux stations
* 8 single-channel
* 5 double-channel
* 3 manifolds/6 channels

* 9 chamber pressure
e Capillary tube attenuated pressure (CTAP)
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Coolant Channel Design

Lienhard V et al. (2018)
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Experimental Setup and Test

UTSA QY I

Hot fire test e
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| Heat Flux Trends vs. Conditions
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Overall Data

* 3 0f 44 tests below 100 psia Pc
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Injector Change — Specific Energy

. Specific Energy into Wall and P. vs. Axial Coordinate !
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Inner Body Length (L') Change
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AR Change (1.0 to 1.5)
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Equivalence Ratio - Overall
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Equivalence Ratio - Fuel/Ox-Specific  UTSA &Y
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Data [ransformation
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3-D Effects, Conjugate Heat Transfer (CHT)

Enthalpy-Difference ¢” vs. Boundary Condition (BC) ¢”
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Coolant Maldistribution

Coolant Mass Flow Rate Maldistribution (44 tests)
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3-D Effects with Coolant Dist., CHT

UTSA LY :
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Data Transformation

CHT-Simulated Enthalpy-Difference ¢ Error
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| Boiling Analysis
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Boiling Investigation and CHT Analysis

T g gume Fracton
 Exit orifices larger than design [z
Coolant pressure < design §§‘i o
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Summary/Future Work

* Desighed/mantf./tested AM calorimeter hardware
* Analyzed first-order local heat flux/energy trends

 Developed calorimeter transfer function (CTF)
* Mitigate 3-D heat transfer effects/coolant maldistribution

* Investigated presence of vapor

* Modify orif}(;es for higher back pressure
* Further investigate boiling heat transfer
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| Questions?

joseph.hernandez-mccloskey@utsa.edu
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Injector Change — Comparison

Inj. 3 to Inj. 2 Comparison: % Difference (vs. Inj. 2 Value)
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Design Simulations — 1

* Conjugate heat transfer sims using prescribed boundary
conditions from scaled Micka et al. (2021) data
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Design Simulations — 2

Enthalpy-Difference ¢” vs. Boundary Condition (BC) ¢”
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Additional Transformed Data
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