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@ DECARBONIZATION OF MARINE TRANSPORTATION:
CoFlow Jet | A NECESSITY FOR GLOBAL ECONOMY AND OUR LIFE

Marine Ship Traffic | Tracked by Google Maps
« 90% of global goods are transported by ships

e 2019%*
Cargo Ships: 100,000
Goods Shipped: 11 Billion Tons
CO2 Emission: 1.076 Billion Tons
Fuel Burned: 230 Million Tons
Fuel Cost: $165 Bn ($700/ton)

 EMISSION
1 of the largest ships:

= 50 million cars?*

. EVERGRERN

* White paper: Wind Propulsion for Ships # E. Stratiotis, “Fuel Cost in Ocean Shipping”
Wind Ship Association, France, Sept. 2022 1/22/2018
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https://drive.google.com/file/d/1NOMu1kGaXvNa1CkspSYqHUOWk3xeb_eO/view
https://www.morethanshipping.com/fuel-costs-ocean-shipping/

THE OCEAN IS RICH IN WIND POWER:
CoFlow Jet | CLEAN, SUSTAINABLE, AND PREDICTABLE

Conventional flexible wind sails: large,
ineffective, inefficient, difficult to control.

Too weak to power modern cargo ships.
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@ PROBLEMS OF CURRENT RIGID WIND SAILS:

C°F|l_ci',‘="1’_-'e* LOW THRUST, COMPLEX, HIGH COST, LONG ROI

FLETTNER ROTORS: Spinning Cylinders

TURBOSAILS

RIGID, THICK WINGS:
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CoFlow Jet
Wy

OUR SOLUTION - COFLOW JET (CFJ) STATIONARY
CYLINDER: ULTRA-HIGH NET LIFT AND POWER

COFLOW JET STATIONARY CYLINDER WIND SAILS:

 No rotation, simple system
« Low pressure fans embedded inside the cylinder

« Sucks a small amount of air flow at the 4 o'clock position,
pressurized by the fans, and ejects the air mass tangent to the
surface at the 12 o'clock position

« Ultra-high lift coefficient (CL>20) from wind

 Very low power required

« Ultra-high net propulsive power from wind

« QOriginated from Aeronautics Research

 Verified numerically and experimentally in U.S. National Laboratories

© CoFlow Jet, LLC - All Rights Reserved.



C, OUR SOLUTION - COFLOW JET (CFJ) STATIONARY

COFIl_Ci'I‘;‘{_-'E’* CYLINDER: UNIQUE AND SUPERIOR

WIND TUNNEL TESTING UNDER DARPA FUNDING

« 18 Patents issued
e 20 Yearsresearch
 Grants received: $2.5 Mn (DARPA, NASA, NSF, AFRL, ARO, CIRA, EBPT, ..))
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COF% et | COFLOW JET CONCEPT EXPERIMENT ANIMATION
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https://acfdlab.miami.edu/images/coflowjet-concept-exp.mp4




@ COMPARISON OF COFLOW JET CYLINDER

CoFlowJet | WITH FLETTNER ROTOR BY CFD

CoFlow Jet Cylinder Flettner Rotor

. = - i
CL=15, Pc=3.3 CL=5, Pc=0.7
High Lift (weight=0, V,sate/ Vo =3)
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Summary: Reducing CL decreases CFJ power

exponentially; Two cases studied: CL=15.3, CL=7.6

Case 1: CFJ Perf Case 2: CFJ Efficiency (CFJE):
ase 1: erformance CL=9.93, Pc=0.77, AR=5

(CFJP): CL=15.3, Pc=3.3, AR=8

Table 1 CFJ sail compared with a Fletter rotor

Cases | CL | cD | pC | cL/cD |cL/pc| AR | Cmu

2D | Vrot/
5.000({ 1.90 | 0.70 | 2.632 | 7.143 | test | V.

Flettner
rotor (FR)

CFJP |[15.30]4.20 | 3.30 | 3.643 | 4.636 3 1.0

CFJE (9.930| 3.37 | 0.77 | 2.947 | 12.90 5 0.5

R

lach: 0 0.004 0.008 0.012 0.016 0.02 0.024 0.028 0.032 0.036 0.4 -

CFJE2 | 7.6 |2.15|1035 | 3.53 | 21.71 5 0.3
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3D flow structures for CFJP

e 3D streamlines around CFJ wind sail colored by Mach

b “Tach - -

0.03 0.06 0.09 0.12 015

* Vorticity structures (iso-surface
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3D flow structures for CFJP

/£\50% Span

90% Span
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12

CFJ sail net power across the full AWA range

Example Sail:
« Diameter: 3m
* Height: 24m

AWS(apparent wind speed):

10m/s
AWA: apparent wind angle

Viatio = Ship/VAWS
Pret = Prot — PFR/CF]

Pnet =0.5pV? s S[Vratio*(CL*sin(AWA)-CD*cos(AWA)) — Pc]

An efficient strategy is to use CFJE and CFJP mode at different AWA:

1) CFJE for headwind or tailwind with AWA <40-60deg, AWA>140deg

2) CFJP mode between 40deg and 140deg.

© CoFlow Jet Lift, Inc - All Rights Reserved.



Net Power Production Comparison at Different Velocity
Ratios
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e Atlow ship speed Vratio <1, CFJE and CFJE2 are more efficient at near headwind and tailwind conditions.
* At high ship Vratio >1, CFJP could be efficient for the whole AWA range.
« CFJ wind sails generate significantly more net power than Flettner Rotor across the whole range of AWA.
13
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Net Power Comparison with Combined CFJ Modes:

Velocity Ratio = 0.7

A A
. T rrmmmmmmT CFJ A// A\
o X \A\
- X 2
: A
: A OO ‘
3 R - o, °
A @,Q’ ‘@“O A
i A \
: o) ©
O -0-6-O AWS =10 m/s
] A, ,=72m’
- Vratio - 0'7
— | | |

! | | | ! | | ] ! | | |
80 100 120 140 160 180
AWA (°)

Blue symbol indicates CFJE or CFJE2
and red symbol indicates CFJP

CFJE modes to be used near head
wind or tail wind conditions.

CFJP mode to be used in side wind
conditions.

CFJ wind sails generate significantly

more net power than Flettner Rotor
across the whole range of AWA.
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CFJ Wind Sail Net Power Improvement over Flettner Rotor:

Velocity Ratio = 0.7

300 0 Improvment goes AWS =10 m/s
i \ to infinity for AWA=30° Aref =72 mz
: Vratio =0.7
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® CFJ wind sails have wider AWA range and generate significantly more net power
than Flettner Rotor, > 115% across the full AWA range.

FR net |CFJ WS net
AWA (deg.) power (Ko o i) Improve (%)

0.000 -89.523 -81.806 0.000
10.000 -61.829 -18.822 0.000
20.000 -33.195 2.439 00
30.000 -4.490 44.392 00
40.000 23.413 84.528 261.023
50.000 49.668 133.995 169.784
60.000 73.475 198.676 170.402
70.000 94.111 2850 169.844
80.000 110.950 297.091 167.770
90.000 123.480 326.781 164.643
100.000 131.320 342.120 160.524
110.000 134.232 342.641 155.261
120.000 132.128 8280 148.495
130.000 125.070 299.621 139.562
140.000 113.275 23 ke W27 200
150.000 97.100 209.407 115.661
160.000 77.037 168.644 118.914
170.000 53.695 121.724 126.698
180.000 27.783 70.075 52909

© CoFlow Jet Lift, Inc - All Rights Reserved.




300 1
700}
600 |
500 f

Pnet (kw)
wo =~
o o
o o

100

_100 &

200

Net Power Comparison with Combined CFJ Modes:

Velocity Ratio = 1.3
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Blue symbol indicates CFJE or CFJE2
and red symbol indicates CFJP

CFJE modes to be used near head
wind or tail wind conditions.

CFJP mode to be used in side wind
conditions.

CFJ wind sails generate significantly

more net power than Flettner Rotor
across the whole range of AWA.
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CFJ Wind Sail Net Power Improvement over Flettner Rotor:

Velocity Ratio = 1.3

FR net |CFJ WS net
500 - | AWA (deg.) power il Improve (%)
! mprovment goes AWS =10 m/s 0.000 -139.797 | -138.695 0.000
to infinity for AWA=30° _ 2
- A =72m 10.000 | -88.366 | -21.725 0.000
i Vit = 1.3 20000 | -35.188 | 17.760 -
~ 400 | 30.000 18.121 95.673 427.955
§ I 40.000 69.942 233.838 234.330
= - 50.000 118.700 | 371.631 213.085
2 I 60.000 162.913 | 493.710 203.052
E 300 70.000 201.238 | 596.367 196.349
o - 80.000 232.510 | 676.481 190.947
E‘ I 90.000 255.780 | 731.619 186.034
= 200 | 100.000 | 270.340 | 760.105 181.166
%ﬁ"ﬁ%ﬂfﬁfé}"ﬁ; 110.000 | 275.748 | 761.074 176.003
I 120.000 | 271.840 | 734.496 170.195
- 130.000 | 258.734 | 681.179 163.274
100 '(') 50 4'0 * 6'0 ' 8'0 ‘ 1(')0 ' 150 | Alfo ' 160 720 140.000 | 236.828 | 602.743 154.507
AWA (°) 150.000 | 206.789 | 501.571 142.553
160.000 | 169.528 | 380.737 124.587
®* CFJwind sails generate significantly more net power than Flettner Rotor, > 170.000 126.178 255.166 102.226
. 100% across the full AWA range, much more at low AWA. 180.000 | 78.057 | 159.245 104.011
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Angle of Attack Variation Tolerance (2D)

> Definition of Thrust Coefficient:

O i
irusi / Thrust

oy | Freestream — [

(a) AoA<0 (b) AoA=0 (¢) AoA=0

Ciprust = €, ¢ COSAOA + C, * SINAOA

18



Angle of Attack Effect

»Time-Averaged C,, C, PC and CT,,,ust VS A0A:

S T e " e

3™ li oy ™

:n [ | = I 4 4 I|

f ey, |I ! ; '
CFJ wind sails can - : ) .
tolerate wind o 45 : B.Eﬁff .
direction g g, I DO
varfation range of (a) Lift Coefficient. (b} Drag Coefficient. (c) Thrust Coefficient.
-40deg to 20deg ‘ : )
without
substantial lift CETE e ,f
drop. ) %}E / :

: ' ' o SketCh Of CThrust
IS magnitude
Freestream
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(d) Power Coefficient. (e) Sketch of Crhrys magnitude.



Angle of Attack Effect

»Time-Averaged C,/Cp, C,/P.and C,/C, . vs AOA

Lift-Drag Ratio C,/P, Corrected C,/C,

20



@ BENEFITS OF CFJ STATIONARY CYLINDERS:

COFIl_‘:i’I‘;‘;J@* HIGH THRUST, SIMPLE AND LOW COST

20%-50% fuel reduction for large cargo ships
* Propulsive power increase > 100%

« Ultra-high thrust (>2X), CL > 15

* 60-95% wind power for mid/small size cargo ships
 Simple system with no rotating structures

« Compact for all ship sizes

 Very low power required

« Low cost of manufacturing/maintenance

* Retrofitting

« |deal for fully electric ships



LEADERSHIP TEAM

Dr. Gecheng Zha | President, Professor,

World Top 2% Scientist, NASA NIAC Fello
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OUR FRONTIER IS BEYOND INFINITY

3 - & G e
THIRD A COCCNEXUS @ PAN AMERICAN FINANCE

DERIVATIVE

Transforming Marine Propulsion

MAGGIE using CoFlow Jet technology is selected
by NASA to potentially fly on Mars, Jan 2024.

RICE

3 EBPT <<C-RA L cueaw

ACCELERATOR
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