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HEIGHT ADVANTAGE OF A VORTEX

(@ MANZANARES SOLAR CHIMNEY\

Size: 200 m high, 910 m
Collector area: 0.04 km2
Ambient air temperature: 25 °C
Inlet air temperature: 45 °C
Outlet air temperature: 43 °C
Efficiency: 0.2%

50 kW, 130 J/kg, 1 Mg/s

\ Spain 1982 to 1989

f@ ENVIROMISSION SOLAR TOWER\

Size: 1 km high, 8130 m
Collector area: 40 km2
Ambient air temperature: 25 °C
Inlet air temperature: 45 C
Outlet air temperature: 35 C
Efficiency: 1.5%

200 MW, 800 J/kg, 300 Mg/s

* The AVE replaces the physical
chimney with centrifugal force in
a vortex

» The AVE eliminates the solar
collector by using waste heat or
natural low temperature heat
sources

A v o )

AVE THE FUTU_ |

| HTTR//VORTEXENGINE.CA

(®

\ Australia, 2009+ )
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ATMOSPHERIC VORTEX ENGINE

Size: Structure: 50 m, 9200 m
Vortex: 10 km +

Collector area: NOT REQUIRED

Inlet air temperature: 25-50 °C

Outlet air temperature: -60 °C

Efficiency: 20% +

200 MW, 10,000 J/kg, 20 Mg/s

J
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Earth's Energy Budget

Reflected from
atmosphere and

surface to Space Emitted to Space
107 W/m? 235 W/m?

\ Incoming solar
irradiance
342 W/m?

Emitted from
atmosphere
to space
195 W/m?

Transmitted from
the surface to space
40 Wim?

Absorbed by Greenhouse
Absorbed by atmosphere gases
atmosphere 350 W/m?

67 W/m?

Transferred
from surface

' v

Absorbed at surfacef™! 3 ggirlaceSQDWImz E ledfrom atmosp
168 W/m? and -L.M d b face 3




Energy Production Potential of the
Atmospheric Vortex Engine

rAtmospheric Vortex Engine
mechanical energy production
potential = 6,000 TW (Ref 3)

(Carnot Efficiency 12%
X 52,000 TW = 6,000 TW)J

Total global electrical energy
production rate = 2 TW (Ref 2)

Total incoming
solar radiation
=174,000 TW
(Ref 1)

Atmospheric

upward heat References

:gg \(l)%(i)tl?-?/v 1) Tremberth and NASA
(Ref 1) 2) US Department of Energy

/ 3) L.M. Michaud




AVE Combined Cycle Power Plant

/ T =-60°C

Stage 2: Atmospheric Vortex Engine \
Cold Source - upper troposphere (213 K)
Carnot Efficiency
2 ne=1-T / Ty= 1 213/303 = 29.7%
= pical Efficiency (Estimated
6 AVE Qout g Typien y( )
Atmospheric ~
Vortex Wout
N —— Engine s 195 MW
g Engine
¢ [/ =
€ ! = Overall Efficiency
/ WA _ . Qin ® (Thermal Power Plant +
: o Atmospheric Vortex Engine
AVE heat source ) combined)
1 EQUALS T=130"°C
- - - waste heat re’ectEd L 1 T (303 K) L L L L L LT “=(525+195}"1500=48% - .-
from thermal power Wtotal = 525 + 195 = 720 MW
plant at condenser
temperature z
= Incremental Efficiency Increase
Qout 0 = (525 + 195) / 525 = 37.1%
& Wout
Thermal Heat
Power Plant Engine 925 MW
(Coal)
.E Stage 1: Thermal Power Plant (Coal)
=)
| aani Qin 3 Carnot Efficienc
|- g ‘ nc=1-T,/ Ty= 1 - 303/813 = 62.7%
Ty= 540 °C i i
Hot Source - superheated steam : lypoal SMchency

(813 K) n = 35%
N 7




Thermodynamic Calculation Method

@__ _____ B s4 = s3
z4

VORTEX
SOLAR
CHIMNEY

q34=0
w34 =0
h3 - h4 = gz4

Warm
water inlet
T=SST




Vortex Engine Ideal Process Calculations.

Heat source None 26°C water 36°C dry 40°C dry
at P, heat at P, heat at P,

Air properties:

P; (kPa) 101.1 101.1 101.1 101.1

T; (°C) 25.8 25.8 25.8 33.6

rn=r(gkg") 16.87 16.87 16.87 16.87

Ui (%) 80.0 80.0 80.0 50.1

S1=5% (J K kg ) 241.0 241.0 241.0 267.7

hy (Jkg') 68913 68913 68913 76992

P> = P; (kPa) 101.1 97.72 97.70 97.73

APz 0 3.38 3.40 3.37

T> (%) 25.8 22.92 22.91 30.6

Us (%) 80.0 92.3 92.3 57.6

hs (J kg™) 68913 65943 65916 73941

T3 (%) 25.8 24.5 30.7 30.6

Us (%) 80 97 57.4 57.6

rs=rs (9 kg™ 16.87 19.57 16.87 16.87

hs = Uz = s (J kg ) 68913 74433 74003 73941

S3=84 (J K’ kg') 241.0 269.7 268.0 267.7

P, (kPa) 10.0 10.0 10.0 10.0




Relative Humidity - P, (%)

90 — —
80 — —
70 — -
60 [— —
50 [ I
20 40
Temperature - T, (°C)
Minimum eyewall pressure lines. Based on P, = 10 kPa, z, = 16570 m.
For P1 = 101 kPa corresponding convective energy (CE) and velocity (v) are:
Symbol P, (kPa) CE (J/kg) Velocity (m/s)
#* 101 0 0
+ 100 890 42
<& 98 2660 72
X 97.7 3000 77 (Table cases 2&3)
O 96 4430 94
A 90 10100 142
| 80 20240 201



A Comparison of the Earth's Stored Energy Resources

Crude Qil Reserves

Latent heat of water vapor

in the bottom kilometer of the
atmosphere

Heat content of

tropical ocean water

100 m layer, 3°C

7.3 x 1021 13 x 1021y 130 x 1021y
[] EEEEEEEEE
EEEEEEEEE
( Replenishment times
108 years : 10 days : 100 days




Hurricane Isabel effect on sea surface temperature as observed from satellite




A hurricane viewed as a Carnot cycle

Altitude (km)

- 27°c 300K
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SIMULATION OF HEAT TRANSFER IN A WATERSPOUT
USING COOLING TOWER TECHNOLOGY

http://vortexengine.ca

AT THE BASE OF A NATURAL WATERSPOUT, SPRAY FROM WARM
- SEA WATER TRANSFERS SENSIBLE AND LATENT HEAT TO THE
RISING AIR COLUMN.,

AN ATMOSPHERIC VORTEX ENGINE SIMULATES THIS NATURAL
HEAT TRANSFER PROCESS USING PROVEN TECHNOLOGY
ADAPTED FROM THE COOLING TOWER INDUSTRY

CONTROLLED
VORTEX
WARM WATER
= = VORTEX
L WARM
".\I::{) & -b_gl"ﬁ\, HUMID‘ ARENA
\o g © '-\'ﬁ.,”-, AIR
— ‘u\l . ® bl"-.\"\,l\'\
AIR IN IR
\* o A\
_'> E——
h'\,l'\,:“-
] 7

\TA NGENTIAL /

DUCTS
SPASH ELIMINATOR

p
TURBO-
ELECTRIC BARS/FILL

GENERATOR

COLD WATER
RETURN
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S d SUBSIDING AIR IS Sl \'\
i RECOMPRESSED DURIN
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Gravity Power Cycle

=e0 = 34 .06} T qnm = - 6343 J'Kg
4
Coaler 3
Wi = P=r W =
107398 _ 107398
Jikg Diowencarner Hl_ser J7kg
_ 5=
5=
Z=109589 m Si = 40}
Turhine
l P=C =0
Heater ]
1 2 2b

Se = (34.06)

h=W/Q, = 365%

Q. =10047 J'kg

W= 3703 J'kyg

State | P (kPa)

T K]

S K k)

b ko)

9z (k)

h+gz rki)

1 100

2490

6014

16929

0

16929

2 100

200

4420

26974

0

26974

9577

2H6.31

44 .20

232712

0

233712

20

189.42

4420

-84126

107398

233712

20

18310

6014

-H0467

107398

16929

Gravity cyele - Case 1

Zooling at constant pressure, dry air, rev ersihble.
Height based on lapse rate of 9.75 K Ikm




Brayton gas-turbine power cycle

Seo = {-34 .06} T Q= -6343 J/kg
4
Coaoler 3 .
Compressar P=C TLIihlr'IE
s=0C t} Lo Esl
W = 107398 Jkg
= 2b
_ Turbine
=i = {0} s=0C W=
P=C 3703 J/Kyg
Heater
1 2
ael = {34 .06} T Qi =10047 J/'Kg

W =0 - Q= 10047 -6343 = 3703 J/'kg

- - - RiCp
n-1-T3fT2 -1-T4IT1 -1-[P3fP2]
n=1-T,/T;y =1-183.1/290.0 =36.9
W= nQi= 0369 *10047 = 3703 J/'Kg

“tate

P (kPa)

T (K

5 (I K k)

b (o)

1

100

290

B0.14

2

100

300

8420

26975

2b

=L

296.31

5420

20

185 42

84220

20

183.10

B0.14

Brayton gas-turbine power cycle

Case 1 process conditions




Atmospheric work production process

Energy conservation closed system T Heat out (Qout) = Cp (AT) = 6343 J

AT=6.2K

€

Piston
\ J T

P=20kPa —I| | -
T = 1835 K — 8=300K| —— T=1894K
Z=10960 m

Al

c::r:.lumn/ 0 =290 K 0 =290 K 0 =290 K

One kg

unit mass\

—_—— | 6=300K

P =100 kPa —
T=290K

STATE 1 STATE 2 STATE 3

Heat in (Qjn) = Cp (AT)=1005x 10 =10050 J
Cp = 1005 J/kg AT=10K
1. Heat received minus heat given up
W = Qjn - Qout = 10050 - 6343 = 3703 J

2. Heat in multiplied by the Carnot efficiency
W =Qijn (1 - Tout/ Tjn) = 10050 (1 - 183.2 / 290) = 3703 J

3. Total energy equation
W=Ah-Agz =1005 (300 - 189.4) - 9.8 (10960) = 3703 J



Atmospheric work production process
Basic requirements

Infrared radiation
to space

Upper pressure about 20 kPa
Upper temperature around -60 C

Insulated air column 10 to 15 km high

Solar
radiation

Y

2\ Lower pressure about 100 kPa




Atmospheric work production process
Energy conservation in an open system

N/

The total energy equation below // /\

Is used to calculates the work
produced when a fluid is moved
reversibly and from A to B.

W=Ah-Agz

b

~ Isentropic

Expander




Reversible and Irreversible Expansion

Automat
in vacuum

e

<—

s c Latch#2 | < ¢
R= Piston « 2=
8 5 ISy
ES \ “Latch#1 | £ S
#1 #2
K '
Base pressure Cylinder Base Pressure
100 kPa and Piston 95 kPa

Constrained reversible expansion - Work is produced - No Latch
1. Start with piston at bottom of the cylinder, open valve #1,
2. Automat raises piston and let 1 kg of air at 100 kPa in cylinder,
3. Close valve #1,
4. Automat raises piston until cylinder pressure decreases to 95 kPa,
5. Open valve #2,
6. Automat pushes piston to the bottom of the cylinder.
The air temperature decreases.

Unconstrained irreversible expansion - No work is produced - Two Latches

1-3. As above except after step 3. set latch #1 and #2,
set latch #2 so that the final pressure is 95 kPa,
4. Automat lets go of the piston,
5. Let go latch #1, piston snaps against latch #2 without doing any work,
6. Automat pushes piston to the bottom of the cylinder.
The air temperature does not decrease.




Dry air Cylinder
Pist
P=100kPa ||~ "
T=30°C / Latch

INITIAL CONDITION

Aut t
P = 95 kPa Homa

T=25.59°C

~

AFTER RESTRAINED
ISENTROPIC EXPANSION

P =95 kPa

T=26.63°C

AFTER UNRESTRAINED
EXPANSION

Work production requires that
expansion be restrained

Ambient pressure: P =95 kPa

Initial pressure difference: 5 kPa

Work against environment 3085 J
1346 J

4431 J

Work against automat

Total work

Work against environment 3384 J

Total work 3384 J

Loss work 1047 J
Additonal enthalpy of the air 1047 J

Capturing work of expansion produced when the latch lets go requres that
the expansion be retrained, otherwise the energy remains in the cylinder.

Approximately 22% of the work of expansion is lost no matter how small

the initial pressure difference.



Cooling Towers

Mechanical Draft: $15 million 40 m tall
mechanical draft tower uses 1% to 4%
of power output to drive fans. (uses
energy)

Natural Draft: doesn't need

Vortex

Starting et
Heat f/zllllndrlcal

Source = /
Sub-atmospheric Deflector Restrictor
Heater or Turbine
(cooling ‘rower')\‘l \ \ | /

Vortex Engine

Atmospheric Vortex Engine




"‘u\ Water cooler

and Air heater

Warm air

Ambient air

Cool water




Wet cooling tower AVE — Side view

Capacity approximately 200 MW
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Solar Updraft Tower

Turbines



Willis Island sounding and updraft temperatures

4_

Updraft
SST approach 1°C
Humidity 90%

Sounding / / /

N
o

Temperature
Constant Entropy

Updrafts /

Udraft of unheated
surface air

40

SST =30.4 °C

60

Heating and humidification
in exchanger

Pressure (kPa)




Effect of entrainment and ambient
relative humidity on updraft buoyancy

60

v T v ! v !
95%
at P<80
[ Ambient
Relative
Humidities
70 Updrafts with app. 10% =
entrainment per kPa
. 80% /
D“_S at P<80
.
g 80 = =
O 50% \
g at P<80
Dt 5 { Updraft with :
/ no entrainment




Subsidence warming and radiative cooling

Q Radiative

cooling

L P, T P L / Dry Adiabatic
— 11 1 1 / Subsidence

v v 9.8 C/km
M Environment f /
Temperature — /—@
{ P, T2 Lapse rate
— P I
2 6.5 C/km ¥~ Radiative cooling




Hurricane Isabel Intensity SST 25 10 26.5 C
Temperature approach 1 C - Relative humidity 97%

Surface air properties: P;=101.1 kPa, T; =27.8 °C, U; =80, r,=r,=19.06 g kg, h; = 76572 J kg ',
s1=5,=266.8J K'kg™.

Eyewall SST (°C) 25.0 @ 26.0

P, = P; (kPa) 99.14 97.72 96.01 94.36
T, (°C) 26.12 24.90 23.41 22.72
Us (%) 86.8 92.2 99.3 101.75
h, (J kg™ 74830 73557 72005 70490
T5 (°C) 24 24.5 25.0 25.5
Us (%) 97 97 97 97
rs=rs (g kg') 18.69 19.57 20.55 21.57
hs = hy+ (1+14) gz 71686 74434 77459 80590
ss=5s (JK'kg™) 256.2 269.7 285.2 300.8

P, (kPa) 15.0 10.0 10.0 10.0

O,




Typical Energy Calculations

-55T304C

Vortex solar chimney energy calculations for a range of temperature and h

surface

temperature (SST). Ambient surface air conditions: P; = 100.3 kPa, Ty = 29.4 °C, U, = 77.5%, ri = r = 20.50
g kg'1, S1=5=287.0J kg'1 K", hy = 81920 J kg". Heights based on 17 January 1999, 0000Z Willis Island

sounding. Approach based on SST = 30.4 °C.

Properties Case 0 Case 1 Case 2
g§=_0 A=3. B=10 A=1, B=10

P,= P; (kPa) 95.80 91.38 83.42

P; - P; (kPa) 4.50 8.92 16.88

T (°C) 25.47 23.10 19.99

Uz (%) 94 103 115

ho (J kg™ 77820 73670 65720

Ts =SST—-A (°C) 25.47 27.4

Us =100-B (%) 94 90

rs=rs (g kg™ 20.50 23.25

hs (J kg™ 77820 86840 103320

ss=ss (JK'kg")  287.0 331.3 413.5

P, (kPa) 10 10.0 7.0

T4 (°C) -77.39 -68.01 -69.91

2 (m) 16570 16570 18580

Case 3
A=1. B=5

81.02
19.28
18.99
119
63200

29.4

95
31.43
109840
444 1 531.1

7.0 5.0
-63.21 -62.77
18580 20560



