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Development of natural draft cooling towers
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Actual cooling tower projects made of
high-performance concrete in Germany
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From natural draft cooling towers to solar chimneys
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Acc. Kroeger/Praetorius (Univ. Stellenbosch):
Solar Chimney Power Plant Performance

Annual global solar radiation (kWh / m?)
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Schematic solar chimney power plant
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Acc. Kroeger/Praetorius (Univ. Stellenbosch):
Solar Chimney Power Plant Performance
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Prototype solar chimney power plant
Manzanares, Spain (1982), prototype project Prof. J. Schlaich
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Solar Chimney Power Plant Performance




Natural Hazard Resistant Design of the Green Tower
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GreenTower Project Namibia: Tower foot alternative
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Artist’s view of large solar chimney
power plant
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Wilfried B. Kratzig, Reinhard Harte, Ralf Wérmann:

Large shell structures for power

generation technologies
1. Natural draft cooling towers and solar updraft chimneys:
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NDCT RWE Lignite Power Plant Neurath 2007

K & P 08/4-15 Kratzig & Partner Ingenieurgesellschaft fir Bautechnik mbH Bochum






-
—_—

= - i b
f— ey

|

H

|
|
auﬁgchni

—f}r-
[
& PAR
gesellsch

gen

i




NDCT RWE Lignite Power Plant Neurath 2007
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Monitored cracks of a I
cooling tower segment
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Crack growth:
Accumulated lengths of monitored cracks
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Pre-design NDCT Niederaussem:
First eigenmode of virgin tower
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Pre-design NDCT Niederaussem:

First eigenmode at D + 1.4W
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Increase of Wind-Dynamics due to Cracking
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NDCT Niederaussem:
Geometry of both edge members
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NDCT Niederaussem:
Geometry and material data of cooling tower ( ARHPC 85/35)
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NDCT Niederaussem:
Basic dimensions for tower shape optimization
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Meridional Forces noog under Deadweight
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Circumferential Forces n 11g under Deadweight

200 m Cooling Tower at
KW Niederaussem
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Lignite power station Neurath in boundary wind tunnel
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Gust modeling In the wind tunnel
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NDCT Niederaussem:
Types of circumferential
wind pressure

distribution c (@1)
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Meridional Forces n ,,,, under Wind Actions
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Shear Forces nqo, under Wind Actions

200 m Cooling Tower at
KW Niederaussem )

02 - 5-11 Rubr - Universitét Bochum + 8tatik und Dynamik »



Circumferential Forces n 1w under Wind Actions
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NDCT Niederaussem:
Lowest natural frequencies for shells without / with holes and
corresponding modes
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NDCT Niederaussem:
Change of natural modes due to crack damage
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NDCT Niederaussem:
Change of natural modes due to crack damage
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NDCT Vattenfall Lignite Power Plant Boxberg 2008
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Layered model of reinforced concrete shell
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Nonlinear behavior of reinforced
concrete including material damage
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NDCT Niederaussem (ARHPC 85/35):
Crack patterns at D + 1.48 W; w > 0.00 mm
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NDCT Niederaussem (ARHPC 85/35):
Crack patterns atD + 2.03 W; w > 0.00 mm
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NDCT Niederaussem (ARHPC 85/35):
Crack patterns at D + 2.51 W; w > 0.00 mm
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NDCT Niederaussem:
30 - times exaggerated deformation at G + AT, + 2.30 W
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Reduction of |Dimensions| Stiffness | Strength
L B0 o
L o QO
2 [ = O = ©
Deterioration due to: S| 3|8 | 8| 8| %5
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2. Chloride penetration ® | O
3. Sulfade attack ® ® ®
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5. Freeze-thaw-cycles ® ®
6. Fire: permanent®, during fire O| @ ® | O | ® O

Mechanistic empirial deterioration models for RC members
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Load combination:
Ultimate monotonic load factor A_;;: D+AW D+AT,, +AW

L7 1.68
Wind load histories:
t =0: One initial gale Ay =120 A = 0.95
t=10-20-30+40 years: one further gale of A = 1.00

Corrosion histories:

After a bar is reached by a crack, reinforcement corrosion
starts with corrosion rate of 1%/a of bar diameter; Att=0
concrete corrosion of 0.6 mm/a is activated on inner face.

Life-time simulations
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NDCT RWE Lignite Power Plant Neurath 2007
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Dry coling tower - Project  290.00m
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Development of natural draft cooling towers
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Large shell structures for power

generation technologies
1. Natural draft coollng towers and solar updrat chimne
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Small solar tower of 500m of height
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Meridional (n,,,) and in-plane shear (n,,,) forces, 500m tower

Meridian forces n,, In-plane shear forces ny,
} } IR
1250 EY
£ 3
2 ) . . . .
1= 1000 3 ———— without stiffening rings -
o ’-'-'\ I . .
& _— without stiffening rings / ,‘Z_-;-‘-ﬁ:., 3 fing st!ffeners .
4000 f© . . X 3 ring stiffeners with spokes
_— 3ring stiffeners 750 17 ) . ) -
™~ L . . . 1y 4 ring stiffeners with spokes
| — 3 ring stiffeners with spokes F5 L)
X " P 4 ring stiffeners with spokes 500 i
2000 \‘\ !
R\ ) \
250 f] \
T~ \
\ / Pt S \
L -
0 o r 0+
0° \4_ ° 90° / kS 180° 0° 45° \ OBt 3W0°
Q\\ //“-’/' \ T ==
\ S "
N\ a:.\""l-h---."'o"
-4000 \ \\“_’, /
-500
/
/ -750
-2000 4
‘ <
K & P 08/3-36 Kratzig & Partner Ingenieurgesellschaft fir Bautechnik mbH e




Instability modes: 500m tower without stiffenings rings (G+W+S)
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Instability modes for 500m tower with 4 stiffenings rings (G+W+S)
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[

]

]

R EYEN

I

I

LIV SN S YA g T
AFSL VR AW WA AN

|

7

Y

i

K

5

Y

e

2nd instabiliy i
mode: %, = 8.50

|
|
|
|

|

|
|
|
/

I
1]
1

L

I |
T
il

VAN
Y ALY

S SRR

/
|

I

I/

3" instabiliy

mode: 7., = 10.35 fikI

!
1
[ [ ]

!

LT ]

WA

INENAN]

Il

Y

FAFEFERERIRIN

AT

i

‘:—"”

A

Yo A s T
‘1’:_ ! . [

K & P 08/3-38

Kratzig & Partner Ingenieurgesellschaft fir Bautechnik mbH




Artist’s view of large solar chimney
power plant
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From high natural draft cooling towers to solar chimneys

1500 m solar chimney

[400 MW]
170.00
1 | '
-
1000 m solar chimney '—-—’ﬂ,
[200 MW] £ 4
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750 m solar chimney | | £
818 m Burj Dubai [50 MW] b T T EE
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Results: Power output

Power [MW]

Acc. Kroeger/Praetorius (Univ. Stellenbosch):
Solar Chimney Power Plant Performance
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Acc. Kroeger/Praetorius (Univ. Stellenbosch):
Solar Chimney Power Plant Performance

Regulating plant power output
according to demand (cont.)

 Plastic covered water tanks

* Provide more uniform daily power output profile (static control)

» Relatively shallow tanks

» Covered with transparent plastic (no water evaporation)

» Black inside bottom

* Insulated outside bottom and sides (no heat losses to environment)

A — dround section

B — Water tank saction Chimney ——

Clollactor roof

Water tanks

/T///'//////"////""

dround




Acc. Kroeger/Praetorius (Univ. Stellenbosch):
Solar Chimney Power Plant Performance

Regulating plant power output
according to demand (cont.)

e Plastic covered water tanks
» Partially covered collector area, constant tank depth
 Significant static control
o 2.4% (1/2 Area), 2.7% (3/4 Area), 2.6% (Full Area) reduction
in annual power output

140
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Regulating plant power output
according to demand (cont.)

e Dynamic control

« Base or peak power
generation facility

e Inclusion of additional
collector roof

* Inclusion of airflow
regulating mechanisms

« Plant given ability to store
or release energy when
needed

Base load strategy
 Keep power as
constant as possible

Peak load strategy

e Maximum power delivered
between 07:00 and 12:00
and 17:00 and 22:00
(Eskom)

Acc. Kroeger/Praetorius (Univ. Stellenbosch):
Solar Chimngy Power Rlant Performance

Closed bottom section — Low plant output

Sacondary roof

Ifain collsctor roof
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Open bottom section — Higher plant output

Sacondary roof

Ilain collactor roof

///.///

Ground




Acc. Kroeger/Praetorius (Univ. Stellenbosch):
Solar Chimney Power Plant Performance

Regulating plant power output
according to demand (cont.)

 Double glazed secondary collector roof

» Base load: excellent control
» 7.9% increase in annual power output

140 I
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Acc. Kroeger/Praetorius (Univ. Stellenbosch):
Solar Chimney Power Plant Performance

Regulating plant power output
according to demand (cont.)

e Secondary collector roof

» Peak load: good control
» 2% increase in annual power output
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Gust WiInd Profile

2500 -

2000 -

1500m

1500 - Green Tower

800m

1000 - Burj Dubai

height over ground in m

300m
500 | 200m Eiffelturm

Niederaulsem

wo

0 T T ]
0 20 40 60 80

gust speed in m/s
————— ‘ q
K & P 08/3-25 Kratzig & Partner Ingenieurgesellschaft fir Bautechnik mbH -




NDCT Niederaussem:
Types of circumferential
wind pressure

distribution c (@1)

Rubr - Universitat Bochum
Statik und Dynamik g:
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Green Tower Project Namibia

0.40m

Solar Chimney — o

0.50 m
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32 Turbine openings @ 31 m———
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GreenTower Project Namibia: Tower foot alternative

500.00

300.00

32 Additional Stiffening
Walls d = 2.0m

32 Turbines
@31 m

4 & 370 L
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1000m tower for a 200MW SCPP
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Solar Chimney Project Arabia: 1000m variant
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Instability modes of 1000m tower for G+W+S
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Vibration modes of 1000m tower

15t vibration
mode: f; = 0.17 Hz
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2" vibration
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3" vibration
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Vibration modes 1, 2 and 3 of 750m tower

1st vibration
mode f;=0.17 Hz
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Vibration modes 4, 5 and 6 of 750m tower

4th yibration 5th vibration ! 6t vibration
mode f,= 0.77 Hz mode f;= 0.77 Hz mode fg= 0.84 Hz
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Wilfried B. Kratzig, Reinhard Harte, Ralf Wérmann:

Large shell structures for power
generation technologies

1. Natural draft coollng towers and solla[ r updraft chimneys: |
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