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1. Introduction uJa. - -

General features of heavy vehicles: Wake, drag and energy consumption
Geometrical limitations : maximize loading capacity and simplify docking
Wake behind heavy vehicles - fully turbulent and three-dimensional
Low base pressure and strong recirculating zone because of a massive flow separation
Wake contribution to drag (= fuel consumption and greenhouse gases emissions)

Use of simplified 3D models (retains features: shedding, massive separation - high drag)
— 20%

30%
Aurell & Wadman. 2007

Square-back Ahmed body

(GM model)
Han et al. SAE 1996
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1. Introduction

Blowing as a wake control technique
Blowing is the process of injecting air

In the present work we focus on base blowing: possibility to use exhaust gases from the engine or

other sources.

» Perimetric base blowing in a 3D-Body
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1. Introduction

> Perimetric base blowing in a 3D-Body
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1. Introduction uJa.
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> Perimetric base blowing In a 3D-Body
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1. Introduction

» Perimetric vs centered base blowing in a 3D-Body
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1. Introduction

» Centered base blowing in a 3D-Body

(a) 2 (b) w
U L L iz
P, * 3 4
o w] o
. g | H
I | . !
L [ 1 d, 2
Load 1
balance e ‘ ‘ ’ e
Air source Pressure scanner S I .
PDF
0 0.5 1
02]Ca=0 €y = 0.0027 C, = 0.0054 C, = 0.0089 C, = 0.0143
L 01
o 0!
0.1

-0.2-0.1 0 0102 -0.2-0.1 0 0.1 02
g, g,

H| Khan et al. PRF 2022

José Manuel Camacho Sanchez

-0.2-0.1 0 0.1 0.2

o
Sy

ERCOFTAC Spring Festival Madrid, May 2024

-0.2-0.1 0 0.1 02 -0.2-0.1 0 0.1 0.2

vJa. : -

Universidad de Jaén

Slot S,/hw
x1.0  0.00570
x0.5  0.00143

x0.35 0.00070

T o
o & x].0 ]
o o x0.5
o o x0.35 H
o Lorite-B ||
o o a
Fay -
Q
Ay
© Ay
‘ . L ]
0.005 0.01 0.015
C
q
. ]
DO 4
o Fay
o A -
o]
Do a
Fay
© Fay
© Fay
Boman’ & x10 1
© x05 |]
o x0.35)
\ N Brerara—r—
0.1 0.2 0.3

172
c, 55)

6/14



1. Introduction uJa.
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» What is the best blowing slot configuration?
o Orientation: Perimetric horizontal vs Perimetric vertical (L orite-Diez et al. 2020)

o Location: Perimetric vs centered (veerasamy et al. 2021)
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2. Experimental set-up

Ula.
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3. Results

> Wake visualizations
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3. Results

> Forces pressure and recirculation bubble length
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3. Results UJa.

Universidad de Jaén

> Forces pressure and recirculation bubble length
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Two regimes are identified in all slot configurations:

Mass regime: As C, rises, the blowing jet fills recirculation bubble enhancing its length (L,” 1)
— Increasing base pressure (Cgz |) — Reducing drag (C, |)
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> Forces pressure and recirculation bubble length

Uld.

Universidad de Jaén

,,,,,. :; —— f')

_rk _ B ]
ACy = Ck — CE
ACx—Ck _C_f >_k:[S;C;H;V]
* __ 1%k *B
% g 0.3
*-T-_T_ : 0.25 e T
| W+ N B 9
! L-I-_I_ | ++ 0
! T * =
B 5015 n
: < S e
| 0.1 ‘”.::.j ......
| } of “ 005 I =€
L N +
e e
. . . O™ . . 4
0 0.01 0.02 0.03 0 0.01 0.02 0.03
C, &

Two regimes are identified in all slot configurations :

Mass regime: As C, rises, the blowing jet fills recirculation bubble enhancing its length (L,” 1)
— Increasing base pressure (Cgz |) — Reducing drag (C, |)

Momentum regime: The jet starts to disturb the shear layers — The recirculation bubble
shrinks (L,” |) — Reducing base pressure (Cg 1) — Incresing drag (C, 1)
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3. Results

> Forces pressure and recirculation bubble length
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Two regimes are identified in all slot configurations :
Mass regime: Curves tend to overlap
Momentum regime: Once the optimum value has been exceeded, the slots show clear
differences.
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3. Results

> Forces pressure and recirculation bubble length
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The S slot is the most efficient.

H is an intermediate case between the above.
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3. Results UJa.

» Reflexional symmetry breaking (RSB)
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RSB modes:

The vertical slots (V and C) asymmetrize the wake in the momentum regime.
The S-slot completely mitagate bi-stability and the H-slot tends to it.
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4. Discussion uJa. - -
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5. Conclusions uJa. : -

Two regimes ( and ) have been identified in all configurations.

C,=0

The blowing jet fills recirculation bubble enhancing its length (L,” 1) — base
pressure recovery (Cg |) — drag reduction (C, |).

Here, ACp = f(C4+/S/Ss) = —0.3 C44/S/Ss for all slot configurations,
orientations or positions — ACy and AC,. curves overlap.

No major changes in RSB modes.
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5. Conclusions UuJa.
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Two regimes ( and ) have been identified in all configurations.
[ _ [ [
CCI == 0 Ccllc,opt Cq,max

The high-momentum jet starts to disturb the near wake topology and to
produce an unstable jet — Drag reduction stops

ACJimax > ACJIc—{max > Acagmax > ACalcl,max
S symmetries the wake (total suppression of bi-stability).
H slightly symmetries the wake: partial suppression of bi-stability.

The vertical slots (V and C) increase the horizontal wake asymmetry: less
ACyand AC,,
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