N

(/:3:\) UNIVERSITY OF OXFORD

The Effect of Turbofan-Representative Distortion
on Surface Heat Exchanger Performance

ID: AIAA-2026-4433
David Stewart, John Coull, Peter Ireland

University of Oxford

| THERMOFLUIDS
INSTITUTE



l I
| How does Turbofan representative distortion affect HX performance?
I Aerodynamic Performance t 22% :
l

l Thermal Performance | 2% |

Twlnlet Los b — Inlef LOSS\

0 0.2 0.4 0.6 0.8 1 12 0 0.2 0.4 0.6 0.8 1 1.2

UNIVERSITY OF OXFORD

2 Oxrorp Cratean R Rolls-Royce @AIAA 2

INSTITUTE



|

| How does Turbofan representative distortion affect HX performance? |
| Aerodynamic Performance 1 22% :
l
|

Thermal Performance | 2%

Contents

* Motivation
* Approach
* Experimental Results
* Analysis

e Conclusions

2 UNIVERSITY OF OXFORD

OXFORD THERMOFLUIDS RO"S'RO)ICE @AIAA 3

= INSTITUTE



LOW » Engine Realism

| Thin Boundary Layer | Radial Total Full | Englne Representatlve |
I (Uniform Flow) Pressure Profile Radial Profile | (Distorted Flow) :
P, Gradients : X [ v v I v/ [
I | [
Bulk Swirl | X : X v v
I I [
Discrete Wakes I ) ¢ [ X X I v |
b | | _ |
o I | | |
Inlet Profile I :
I Inlet Loss Coefficient I I I
I Radial + Circumferential ] Radial + Ci f ti
I No Conditioning Grid I Radial Cond. Grid adia Corll';:uGrid al golr?d. Gr:;c‘l:v?tlhe{)eg\;?
[ I
Experimental I | [
Set-up [ w\m‘“““\lllll||,llt:u,, ~ I I Sl iy
iy X o
I FIowin/
[ I
Stud [ Current + Rebassa et al. Broatch et al. Villafane et al. | Current + Gelain et al.
udy L (Purdue Univ.) (Valencia Univ.) (Von Karmin Inst.) L (Safran Engines)

O nD ﬁi R Rolls-Royce DAIAA [10:aira20264433 ] 4

INSTITUTE (ROYCE



Test Section

Performance Metrics

Net Loss Coefficient Thermal Performance

_ Cpomp1 — Cpomp2 Qheater

&=
mcp (THX_Tamb)

oxrorp GO R Rolls-Royce 2 AIA A 5

= INSTITUTE




Experimental Test Configurations

Engine Representative Inlet Uniform Inlet
2) .
=se=lutic} Guide Vanes (OGy) Unmsta!led
I Plajn Surface y
: : o eat Exchanger
.‘_5 P S | &_ﬂ/"
E ‘-_,-"' Heateq Geometry (Three p. g
¥ \ assages)
4)

X
T
o
O
c
=
i \

UNIVERSITY OF

OXEORD [R| Rolls-Royce ZAIA A 6

s INSTITUTE




Inlet Loss
I 200 f 1 |
0 0.2 04 0.6 0.8 1 1.2

_—_—_—_—_—_—_—__J

Swirl Angle

!

-5 0 5 10 16 20 25

Uniform Inlet & Plain HX

; L : &
-0.2 0 0.2 0.4 0.6 0.8 1 12

E'.'I'Ihermal Effectivenéé

0.05 0.1 0.15 0.2 0.25 0.3 0.35

Uniform Inlet & Finned HX

I
|
| A , _
Pitch Angle | ,,
5 0 5 10 Outlet Loss
I : . C —
______________ — 02 0 02 04 06 08 1 12
.
: ' Performance &S
Configuration ,
Aero ¢ [-]] Thermal ¢ [-] \
Uniform - Plain 0.032 0.0047
Uniform - Finned 0.24 0.038

Distorted - Plain

Thermal Effectiveness

Distorted - Finned

0.05 0.1 0.15 0.2 0.25 0.3 0.35

3 UNIVERSITY OF OXFORD
9 OXFORD \ ' tHermorLuiDS

INSTITUTE

Rolls-Royce Z AIAA 7




Inlet Loss

L B ]
0 0.2 0.4 0.6 0.8 1 1.2

......... TR ]

i

Swirl Angle
1 ; ]

-5 0 5 10 15 20 25

Pitch Angle

NN N I S S S S S S S S S S S S B S S S S S S -
_—_—_—_—_—_—_—_—_—_—__J

Distorted Inlet & Plain HX

S

Airflow

Distorted Inlet & Finned HX

5 0 5 10 Airflow i o |
' $ , H\'“',/
: : Performance | — A
Configuration
Aero ¢ [[] Thermal ¢ [] W \

Uniform - Plain 0.032 0.0047

Uniform - Finned 0.24 0.038

Distorted - Plain 0.041 0.0053
Distorted - Finned 0.19 0.037

UNIVERSITY OF

'OXFORD

THERMOFLUIDS

Loss

-0.2 0 0.2 0.4 0.6 0.8 1 1.2

- Thermal Effectiveness

0.05 0.1 0.15 0.2 0.25 0.3 0.35

Outlet Loss

I
-0.2 0 0.2 0.4 0.6 0.8 1 12

Thermal Effectiveness

0.05 0.1 0.15 0.2 0.25 0.3 0.35

= INSTITUTE

Rolls-Royce ZAIAA 3



Why is HX loss 22% lower under
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* In line with S, < V3 (Denton et al.) (25%)
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Why is HX loss 22% lower under
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How does Turbofan representative distortion . MP1: Axial Velocity
affect HX performance? : | Uniform Tnlet
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. O Plain HX
. Aero Performance 1 22%, caused by the distorted 0.8} o Finned HX
inlet lowering axial velocity through HX by 9%. —0.7
c N r - - . 2 06F
* The loss reduction is in line with S, o V3 arguments. £ 0
c 0.5
' i =
* Despite a nominal ~ 5 to 7% heat transfer penalty from g 04
reduced velocity. @ 03f .. FinHeight ... @0
. . . . . 0.2
« Heat transfer is maintained within 2% due to
enhancement mechanisms. o
! 0i4 Oj8 1 1?2

- May be beneficial to actively place these HXs in regions

Ve / Viulk,Mp1
of high distortion, i.e. downstream of OGVs.
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