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dexd) 138 (e iagll s 4edia / Introduction and goal of this work

Introduction and goal of this work / Jo2ll [38 (0 Cagllg dodio 1

Mechanical Integration of the TEMO-STPP Test Jart A ya A8l ddasad Sl ¢ JaY) aaans
Plant for a Incineration/Solar-thermal- Al Adhal) § il (3 a Gk e

combination power plant aSail) plail (oS 53 g oL

Development and Installation of the Process
Control System for TEMO-STPP

Strategic Economical Goals / dsloil dml yiwdl Gladl 1.1

The goal of this project phase is to create a (e B8 855 oLl sa g g plall Al sall 038 (he Ciagll
kernel team of engineers capable to undergo a 2 s o3y Sl g s i g pmdll e jld Gautigal
bigger project of about 2 Mio. EUR. EUR 0sie

Main Working Packages to be done / dos)l Glsadl 1.2

In this project phase the following steps has to 2d ) g U ol hadll g 5 p5all Al all oda b

be undergone: dass) TEMO-STPP aaead (1

1. Integration and Installation of TEMO- Al Bacluay il 3 a oo Jesd 4kl
STPP (incineration-solarthermal- S JSael) ment) (Rl all el
combination power plant) (MECH and ((PCS) oSl ks ety
Process Control System (PCS)) S kW40 dhas Ju 2

2. Operation of the 40kW demonstration Gialise e Jsanll gl ilaidd

plant in Ras Nhache for getting investors @AY AL s

for other power plants



el sl / Time Schedule

Project Management / g g aall 5,5 2

Time Schedule / wio i/ JoaxJ| 2.1

211 Jan-dun 13
Name Start Finish Jan 2013 |Feb2013| Mz 2013 | Apr20o12 | Mai 2012 | Jun 2012
Bl 14 28 11 25 11 25 08 22 06 20 03 17
Turbine 15.01.2013 | 09.05.2013 AEEEEE v
Delivery of turbine to Ras Nhache 250 USD 16.01.2013 | 26.02.2013
P&l Diagram of 40 KW turbine, matching with photos 09.05.2013 | 09.05.2013 1
Electricity Installation at MEAE work hall 03.03.2013 | 11.04.2013 v
Process Control System 04.03.2013 | 26.03.2013
Installation WinCC (including Windows XP Service Packs) 04.03.2013 14.03.2013 H
STEP7 - WIinCC program integration 04.03.2013 | 14.03.2013 H
Example Sensor (temperature) , Actuator integration (local PLC) 04.03.2013 14.03.2013 H
Integration with PROFIBUS coppled S200 04.03.2013 | 14.03.2013 F
Purchasing all rest sensors and actuators from Germany 17.03.2013 | 26.03.2013 | ]
mechanical Integration of MEAE Teststand 02.03.2013 | 17.06.2013 L
Schreibtisch in neue Moschee verschenken (zakat) 02.03.2013 | 02.03.2013 1
layout of main test stand elements (with CadStd) 02.03.2013 | 02.03.2013 |
planning of heater pipes (as condensor) without turbine entering 03.03.2013 03.03.2013
— Sondensator construction (1x1x2 m*31, 400 x 2m pipes (1 inch) -mzaiba- 05,06.2013 17.06.2013 =
piping between overheater and turbine and between turbine and condensa| 09.05.2013 18.05.2013 ]
—ing v Fre—— PV P TN MY P T *
mounting of sensors and actuators 04.04.2013 10.04.2013 *
s T i B
Testing 08.05.2013 | 28.05.2013 w o
Test 1:testing of pipes without incineration and without turbine 08.05.2013 09.05.2013 1
Test 2: testing of pipes with incenaration and without turbing (3 barvake a| 09.05.2013 16.05.2013 *
Working Description | Planned period In deed worked period Man
package with situation power
Process Control Monitoring and 1 month 5 week (1 week delay ) 700$
system: controlling
software
WinCC work 1st monitoring 2 week 2 week ( Stopped doesn't done
choise because of license end )
SIMATIC manager For controlling 1 week 2 week ( Done without Profibus )
work
Python software 2nd monitoring 1 week 1 week ( Done )
choise
Integration of
mechanical parts:
Tests
Test 1 Only water 1 day 1 day (failed) caused 3 days delay 100%
Test 2 Testing of 1 day 2 week (failed) caused I month delay 500%

At the left side of the time schedule the

material costs + foreign personal costs appear.
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2.1.2 Planned Scedules for the PCS work:

e Driver built:
Profibus 4 I 4l PLC S7-300 ) e dagd s by

e Analog reading with temp. calculation
Jl e Analog <ty Jusiuls » 8l SIMATIC manager ) (e LAD ) zei 43U

L Aoladll 3,1 jall s 5 iallas 5 Termocouples sensor

¢ Valve and pumpe control circuit:
A 5l PLC J1 D& (e A8l ddane 8 cilalanall 5 slaiaally aSailly o g 2Sai 510 £ Ly

Velleman board

e User interface software (GUI)
3kl WINCC Y Gaohll . il Slea (e AUl dasay oSl 5 481 jal e li geali j0 445

Python program 4l
2.1.3  Mounting overheater with turbine (Sep 13)
Practicant work, Material costs: 100 EUR

2.1.4 Mounting cooling for condenser (same time using it as building heating at Qubaisi
center) (Oct-Dec 13)

Costs: ca. 1.600 EUR

11
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Costs Jan-Dec 13 /4Kl 390 2.2

WL Ahadl aad JSJ s

e 5 100 deli by il Rent for hall (100 gm hall) for 2013 2.500 €
D sSI il Condenser pipes in working hall 560 €
Burning chamber 400 €

Personal Costs TEMO-STPP 4-8/13 | 1.300 €

Cooling for Condensor in Qubaisi
Center 1.600 €

Total: | 6.360 €

2.3 Offer to LASER (Lebanese Association for Scientific Research) in Dec 2014

" AECENAR
=

Association for Economical and Technological Cooperation
in the Euro-Asian and Morth-African Region

WL AECEN AT, COM

Bismillah
To
LASER Tripoli

President Prof. Mustapha Jazzar

Investment Offer

Dear sirs and madams,
AECENAR offers LASER the following:
LASER becomes investment partner in the AECENAR power plant project TEMO-STPP

demonstration plant. TEMO-STPP demonstration plant is a small scale power plant project, which

is planned to use mainly incineration to produce electrical power of 40 kW.

The total investment sum of TEMO-STPP demonstration plant is $ 75.380 (please refer to the

attached calculation).

According to this sum an investment partnership could be established. E.g. if LASER pays 50% of
the total investment sum, the LASER will get 50% of the win, when the plant is selled or the
electricity of it. In case of selling only the electricity (and not the plant), the win percentage will be

for a period of 20 years.

AECENAR offers LASER to invest an amount between 35.000 $ and 50.000 $. This amount is
excluding VAT.

The actual not finished plant is installed at Qubaisi Center in Ras Nhache/Batroun. According to
the calculation there is still missing $33.580 to finish the plant.

12
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Please note that there are two potential clients interested in buying the plant (respectively the
electricity) and further plants from us. One of them is Bader Hassun (Khan as-Sabun). The other is
Khidr Balita, an owner of an international operating company. Khidr Balita will provide also insha

Allah some parts for the plant, which are still missing.

Ras Nhache/Batroun, 15.12. 2013

A~

i

Samir Mourad (President AECENAR)

Attachments:

Calculation (updated after offer)

TEMO STPP Incineration Demonstration Plant, total Installation costs
Timelie = =
(days) Material Costs Staff Costs
Number of /
Part pieces Price/piece Total Tast MV Qualifikation _|Salary/MN Gesamtiohn
|02 [Steam fiter 1 5200 5200 A
5 | Condensor 1 53.700 $3.700 echanical Integration | |3 Eng. 52.000 56.000 LT
condensor cooling |1 53,500 53,500 Mechanical Integration 1|1 [Ene- 52.000 53.000 )
[tubes Integration ¥
1 {Stainless) 10m linch [$900 5900 Turbine Electrics 0.5 Eng. $2.000 51.000 J
Integration Process
v 1 53.500 53.500 Control system 05 Eng. 52.000 |52.000 -
51500 51500
Control System
(Software&Hardware
1 Generator 1 $5.000 $5.000 Development) 4 Eng. 51.000 54.000
AECENAR Froject
Administration {only to
1 gas burner 1 51.200 51.200 finish the project) 4 Eng. $1.000 54.000
System Integration
0,1 Aut Valve 14 Bar 2 5150 $300 Enginesring 1 Eng. $1.000 51.000
0.1 [AutValve 15 Bar 1 5200 5200
0,1 safety vaive 1 $150 $150
02 mass flow sensar |1 |51.000 51.000
01 pressure sensor 1 51.000 51.000 Total Man Power Costs 521000
[fresh water tank
| (stainless) 1 5200 5900
incinerstion burning
chamber (including
5 ion band) |1 54,500 54.500 Specific Costs stil open
Incineration
sila for incineration specifc
3 material 2 54,000 $4.000 Stand 15.12.13 part $12.000
fume purification (open for full open for
{incl. filter for €O, incineration demo Cubsisi
1 502, rsz) 1 52.500 $2.500 Costs All in all plant: 534250 Deme Plant: |522 250
tems to
be
borrowed
from Khidr
1 autom. Crane 1 51000 $1.000 $76.050 Balita 52650
[Turbine 40KV 1 513300 519.300
from
AECENAR
to be payed
o2 Dest. Water 10001 5700 in Dec.12 10,600
[Total Material 555.050

Response of LASER
The response was positive, the next meeting between AECENAR and LASER is planned on 9.1.14

13



Condensor Construction Dec 2013

2.4 Condensor Construction Dec 2013

Condensor

WIataal (-]
Part (i) Stainless 304 (7 ¢ L) o Pricellem  |All
PR TS it 2 5250 $500

Jos 5

ple ¥ ASles ola Yo Lt Jlad]q2 560 $720
Loz holes T¢ wa ey gzl
A 10)2 5300 3600

e ol 15 dSLos s 42 238

holes 11 2 5300 $600

R 3 30

Manui factoring
aptad | Gastl anli Jeo
(2131 9130 ) 4 5320 $1.280

sum $3.700

2.4.1 Offer from Naouchi

Materials price

December 22, 2013 at 8:22:35 pm

S A e daa

Naouchi stainless steel

Material price:

1- Rolled Pipe: 32 cm x 250 cm x 3 mm + 2 cap = 400$
2- Seamless (dt. Nahtlos) Pipe: 1" x 6 m x 3 mm , 6 pcs = 500$
3- Seamless Pipe: 4" x 1 m x 3mm = 64$

4- Seamless pipe: 3" x 1 m x 3mm = 48%

5- Socket weld Flange : 15mm Thickness, 4 pcs = 900$
6- Socket weld Flange : 4" - 2 pcs = 320$

7- Socket Weld Flange : 3" - 2 pcs = 280%

8- Bolts/Nuts & Gaskets = 60$

9- Argon Gas + welding rods = 200$

10- Helpers = 150%

11- Material Transport = 200%

Total price = 3122$

Best Regards

Hilal Naouchi

Trading & Contracting.

Lebanon- Tripoli - EI-mina - Bawabeh Street
hilalnaouchi@hotmail.com

Phone: +961 6 218060

Fax : +961 6 218060

Cell: +961 3 503431 / +961 3 446027

14
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Integration of mechanical parts / 4.SulSuwll ghdll giosi 3
(Placing of the main devices) {ilSo 9 duuln Y/ ghill 59 3.1

Figure bellow shows us the integration of the

mechanical part with sensors.

At working hall  3.1.1

aﬁu\&ue;:\%)kueﬁ@m\ﬁ_)ﬁ\

Vaparizor with overheater Solar pipe

Turbine

Control system

15




LS (8 Lgulual) adadll jun 5 (Placing of the main devices)

At Qubaisi Center 3.1.2
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ox A (turbine)

tturbine) s il 3.2
(Curtis turbine) 40 kW ou,gill jois  3.2.1

18
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There must put in a fiber as "Dichtung" at the large front end of the turbine.

19




ox A (turbine)

3.2.2  Technical Data of the turbine
The turbine used is a used Steam turbine Nadrowski Bielefeld (Dresser-Rand) Power 40KW. And

have the following specification:

Specifications:

Power: 40 KW
Max 45 KW

year: 1993
Type: C 375-1's
serial number: 17,580/ 93
Principle: Curtis runner
normal speed: 2900 1/min

max: 3335 1 min
speed adjustment: +5% .... .... -50%
steam pressure: 14 bar
steam release pressure 1.5 bar
steam temperature: 195 °C
exhaust temperature: 112 °C
Shaft Diameter 50mm
Weight: 1150 kg

Others qualification:

1280 180 840

m

~1356

Y |
", o
EE:CY%?; g
SCY=UR R
k N id Ly b B
: mqgaeia: Il
=5 mReag y
T et T TR s -
: 0l Rl s =

il

L tHH E i{F
] —== @ | | |
i +

810 800 280

o (Curtisrad

® Splash oil lubrication by gear pump 0.75 KW electric auxiliary oil pump

remote activation elektisch
* Bearing 2 Rolling local speedometer

o Exhaust steam

20
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* Warning safety valve housing with thermal insulation
¢ Labyrinth shaft seal

¢ Hydraulic speed control

¢ Speed control electric

®  Quick-closing valve with mechanical overspeed

3.2.3 Some CAD data of Curtis turbines
Pressure vs. Velocity in a Curtis Stage
— rr::i.a ﬂ miving

o

NS

N~

"&'

YAY

v

3.2.4  Technical data for Nadrowski steam turbine
1;1 nUVESTEAM
GO GDx
~~~~~~~~~~~~~~~~~~~~~~ <] S . Fw % Y
Ji | UG = |
f
B o L 1
| g} . . [ I
| . . i
ol
: I o 1
‘ “ " 1 “ N Unverbindliche Angebotszeichnung.
P Drawing only for offer, not binding
NSB #@%]: — Y N5 PNGO O Grtliche Messung
Lo 1 P~
@ D) L T i ® % ., instrument manifold, -panel
L A Lieferumfang/limit of delivery
" ] é s ‘ 7] Tuthill Nad
AL B ’ _&—. ) Y pS—
B % n EXHAUST-STEAM
Symbol | description Symbol | description Symbol | description
P1 Pressure indicate SI Speed indicate HZ | Hand actuator
LI Level indicate ST Speed transmit PSL | Pressure safety light
Temperature indicate Speed control Pressure safety light
TI P sc |°P PSLL ylig
low
Pressure difference Speed sensor Hand
PDI |. S SE p H
indicate

21



444l (The pump)
3.2.5  Putting into work
Kraus: oil must be preheated to about 45 ° C.
Important to avoid bearing damage occurs:
To do: take apart and check the bearings!
- By visual inspection on 10.3.13:

It has a sealing ring (fiber) before the cover rim of the turbine (at the outlet)

(The pump) 350l 3.3

This sort of pump (about 4 bar) can only be used for the condenser cooling cycle

(The condensor) >,uwll 3.4

3.4.1 Introduction to condensor technology

From Strauss, "Kraftwerkstechnik"
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Beil einem vorgegebenem Mengenstrom -rh.w des Kiihlwassers und -rh..D des
zu kondensierenden Dampfes ergibt sich die Bilanz

My Cpy (-1"3’2 — -1"3'1) = mp (h.D — h’K) . (9.1)
Hier 1st:
v, Zulauftemperatur des Kiihlwassers,

1

v, Ablauftemperatur des Kiihlwassers,

Cp,, spezifische Warmekapazitit des Kiihlwassers,

hy, Enthalpie des Dampfes nach der Turbine und
hy  Enthalpie des Kondensats.

Von diesen Groflen sind -riz.D, h’D und -191 durch Randbedingungen vorgegeben.
Im Grenzfall kénnte das Kondensat entweder bis auf -1")K = v ) abgekiihlt
(idealer Oberflichenkondensator) oder das Kiihlwasser bis auf die Dampt-
temperatur ¥ erwirmt werden (Mischkondensator).

In addition to the condensation of the Turbinenabdampfes the capacitor has to perform
another task in modern power plants: it must be in certain cases of operation of the power plant to
be able to condense all the steam from the boiler, which is optionally supplied to it via the bypass
station. This can for example be the case during start-up and shut-down of a block or a fault in the
turbine group. By this measure condensate losses and also a response of the safety valves are
avoided. If the Umleitdampfstrom not limited to this example be greater at a full-load to the
amount of injection water required for cooling than the Vollastdampfstrom. This also means that

the capacitor has then remove the entire set free in the boiler thermal power.

Due to unavoidable leaks in the water / steam cycle also failed condensables in the condenser,

which must be continuously removed with special pumps.
This allows the tasks to be performed by a condenser in a steam power plant, are described as
follows:
e condensation of the exhaust steam from the turbine and recovering the
e condensate
e generating a high vacuum (This allows the steam in the turbine
e be expanded to lower pressure than the ambient pressure, resulting in
e improving the process efficiency results, see Section 3.3.5),
e Recording of the steam from the bypass station,
e venting of the condensate
e Delivery of the condensate at saturation temperature, for reasons

¢ a high efficiency subcooling of the condensate is to be avoided.

System Architecture

The term condenser system includes all the components that are required to fulfill the
aforementioned tasks. Because of the large Abdampfvolumenstroms capacitors are usually
connected directly to the exhaust steam of the turbine and usually located directly below the

turbine, see Figure 9.1. The condensate is extracted using pumps and conveyed to the feed water
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2l (The condensor)

tank. Any air pockets are continuously removed from the condenser, otherwise the vacuum and
thus the process efficiency would deteriorate. The construction of the capacitor has to bear the

shrinkage of the specific volume on a 1/30000 bill.

gt qld

a Abdampfl aus der ND-Turbine ¢ Kiihlwasserzufuhr
b Kondensatabfluff d Kiihlwasserabfuhr

I£I

Abbildung 9.1. Schema einer Kondensatoranlage

Mischkondensator

The cooling and collect vapor is achieved by injecting finely divided cooling water from
feed water quality. Because the heat exchange is performed by direct contact between the two
phases, the efficiency of this type of excluding almost producible interfacial dependent. When
pressure atomization of the cooling water k values were measured from 100 kW/m2K [1] for
droplet sizes of 0.6 mm and speeds of 15 m / s at a heat flux of 230 kW/m2. The condensation
process works from nearly isobaric-isothermal. Figure 9.2 shows the diagram of a direct-contact
condenser. The required injection mass flow can be estimated with a simple system balance. With

the notation of Figure 9.2 applies to the mass flows

TrockenkUhlturm

S I"h4
=

Abdampf
von der Turbine

e

7 N N N N N

Kondensator
I
m 4 Kondensatpumpe m )
<« 3 Abbildung 9.2. Schema eines
zum Speisewasserbehalter Mischkondensators
} = j A ( )
i, = 1l (9.2)
und

. B Q)
M, =1y, + 1, . (9.3)
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: : . ) .
vy hy + 1y by =1y hy (9.4)
Hieraus folgt fiir das Verhaltnis von Einspritz- zu Dampfstrom:
T h, — . .
_4 _ 2 3 (9.5)

I, 33.3 — 3?4

wobei h, — h, die Kondensationswiirme des Dampfes ist. Deshalb ist h, —h, >
h’3 — !.1.4 und nach (9.5) auch 1y >y, vel. Beispiel 9.1. Wegen der grofien er-
zeugten Phasengrenzfliiche sind Mischkondensatoren etwa zwei Drittel kleiner
als Oberflichenkondensatoren gleicher Leistung. Allerdings ist der Aufwand
fiir die Kondensatriickkiihlung erheblich.

This method of indirect dry cooling was developed in 1952 because it was considered the complex

pipe system for direct dry cooling for large systems for non-executable.

34.2 TEMO STPP Demonstration Plant Data

The turbine needs 41,05 kg/KW/h vapor under normal rpm and power. That means there is a
vapor into the condensor 40 KW * 41.05 kg/KW/h = 1642 kg/h = 0.46 kg/s.

3.4.3 Based on TEMO-STPP 2" project report (from Nagel, Fabian: Integration and animation
of the test stand): Kondensator (only the parameters are changed based on the actual
turbine data (see section above))

The fundamental equation of heat transfer is:

Q = kAT warm — Tiats)
3-1

The heat flow is thus the product of the heat transfer coefficient of the transferring surface and the
difference between the temperatures of the hot and cold medium Twarm — Tiai. The transfer area
A s the sum of the surface areas of all the tubes involved in the heat transfer. The heat transfer
coefficient ¥ includes the thermal conductivities 4 the pipe materials and their thicknesses <,
and the heat transfer coefficients @ of the fluids involved. They are connected by the following
formula:

ke Y
a$+a%

3-2
Figure 3.1: shows a basic temperature profile in a heat transfer through a solid wall. The factors
needed to calculate the heat transfer coefficients are given. On the vertical axis of the figure, the
temperature should be recorded as a scale, but is not shown for clarity. Thus, the fluid 1 has a
higher temperature than the second fluid In the two boundary layers, heat transfer takes place. The
curves here are not linear, but are both from around the steep walls and flat with the distance to

the wall. In the fixed wall heat conduction takes place. Here, the function decreases linearly.
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2l (The condensor)

. P y
Fluid- , Vs P =
temperatur i y - E
S g / E
/ N .
s
Oberflichen- i — 1 & Fluid 2
temperatur o
5 £
= @
] €
N 1 &
o y = Oberflachen-
o s 1 temperatur
Fluid 1 2
2l
2 S
£ / p
2 | Feste Wand
-
g d
F 1 7 temperatur
- | o - H

Figure 3 1: Temperature variation with heat transfer through a solid wall (Wikipedia)

There are two basic methods to implement heat exchanger. a,

Heat transfer coefficient
. Medium water: @ = 2100 /v + 580.

in each case with the flow velocity 7! the medium in meters per second.

coefficient of Thermal Conductivity

fabric thermal conductivity Ain W/ (m - K)
uNalloyed steel 48.58
LLow alloyed ferritic steel (z. B. 42CrMo4) 42
High-alloy steel (austenitic) (z. B. X5CrNi18-1 0)[gl 15

The counter current process

In counter-current process, the two media flow in the opposite direction (Figure 3 2, upper
diagram). The entrance of the hot medium is therefore at the outlet of the cold fluid to be heated.
Thus, assume the maximum inlet temperature of the hot outlet temperature of the medium to be
heated. In reality, this maximum value is usually not achieved, which is shown in Figure 3 in the
lower graph 2 with the average temperature difference. The medium to be heated leaves the heat

exchanger at a higher temperature as well, the heating medium discharged.

Also for the countercurrent heat exchanger, the derivation of the logarithmic
temperature difference across the Taylor series is linearized. However, there is integrated over the
place, it is important to note that the inlet and outlet ports are the two oppositely. It is therefore

always considered each state a fixed location that

ﬁT_ng

is a medium for the entry and exit for the other. Therefore, the formula changes for ~ easily:
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AT,

_ UTlre —Tpa) - (Tea —Tr2)

lag

I:]nI(_TEFE —Tia)
(Tra —Tiz)
3-3

The indices are back to the same terms as described in .... Of course, the interchangeability of the

Gegenstromer

°C

¥ Strecke

AT mittlere Temperaturdifferenz

terms described above will remain even.

Figure 3 2: The counter-current process (Wikipedia)

The condenser has the task of cooling
the exhaust steam of the turbine as far as that the
vapor condenses, and thus the medium is made
ready for the re-circulation pump. It is theoretically
possible to couple to the cooling circuit of a
seawater desalination plant. Sea water is thereby
heated to approximately 120 ° C by a heat
exchanger and evaporates. The salt and beats from
the salt-free vapor can be condensed back into pure
water. For this process, however, is required,
therefore, a turbine having an exhaust temperature
of over 120 ° C. This is not true for the selected
turbine in this study. Therefore, the test stand is
designed here without seawater desalination plants.
Other possibilities for the use of the heat would be

available for use in the power plant, a district

heating network, etc. What will actually connect to the cooling circuit at the test stand, yet to be

resolved. In this study does not discuss. Any type of cooling is necessary but force to the water to

use as cooling water. In conventional power plants, river water, or cooling towers are normally

used in.

3.4.3.1 interpretation

As shown above it can be seen, the steam to the turbine has a temperature of 102.3 © C, a pressure
of 1.1 bar and thus an enthalpy of 2626.5 k] / kg. The steam is fully condensed, with the

temperature remains almost constant. Only the evaporation is discharged from the steam in the

condenser. With the aid of the T-enthalpy diagram may be determined based on the condensation

of about 450k]/kg.
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2l (The condensor)

Beispiel fiir ein quantitatves Diagramm: & 3800
T,s - Diagramin fur Wasserdampl® c?.?
nach: Grigull, Straub, "Wasserdampfiafeln”, i I —
600 Springer Verlag, Berlin, 1984 e 3700
3600
500 e 3500
spezifische Enthalpic 3400
hilg
o
Sc 400 1800 A\ NS T 3300
H
£ 1600 3200
g |
= :
300 1400 f] 3100
1200
3000
200 }— P, konst. | 227 W7 L% S, - 2300
P o 7 V) 0 . B = :
g ] ,\4"\/7/)?’?‘ ¢ r 2800
600 AN A KT NNT N\
A 7\ i
100 A== A 3 2700
e =N/
D
200 A= =TS {2600
s —x
=2 S
0 1 2. 3

spezifische Entropie s/ l.g- K1

Figure 3 3: Ts diagram (Institute of Technical Thermodynamics, Karlsruhe University)

With this information, the amount of heat that has to give in the condenser, the steam
flow to fully condense, to be determined. Here, the maximum amount of heat when the entire
vapor stream is passed through the condenser is considered. The division of the vapor stream from
the condenser is passed through the 1/3 of the vapor directly to preheat the boiler feed water is

only optional. Therefore, the capacitor must be designed then to condense the entire steam flow.

'@ = M(hgin — haus)
with
M =(0.46 kg/s Mass flow rate of steam (the manufacturer used Nadrowski turbine)

hoin =2626,5k]/kg  Admission enthalpy (from Error! Reference source not found.
hus = 450K]/kg Outlet enthalpy (Figure 3 3)

follows for the amount of heat

Q \ona=1,0028 MW

This is also the amount of heat to be dissipated by the coolant in the condenser. As a shell and tube
condenser design was chosen because it has a high power density. Most other types require much
more space to achieve the same cooling capacity. As a result, the material cost for tubular
capacitors are reduced. In addition, they are widely used and easily available in the market, which

in turn translates into lower prices.

For further interpretation of some assumptions were made that are listed in the following table.
They are based on experience from the Heiz-/Kiihltechnik.
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To transfer heat Osona 1,0028 MW
Inlet temperature of the cooling water Toin 80°C

Exit temperature of the cooling water T aus 95°C

Flow velocity in the bundle of tubes Vsrrim 0,5m/s

Radius of a tube in the tube bundle TRakr 25mm (1 inch)
Heat capacity of water Cop 4,2k]J/kgK
Density of water P assar 1000kg/m?

Table 3-1: Assumptions and values for the design of the capacitor

The size of the capacitor is calculated from the following formulas:

ri:md = rﬁ.ﬁ.’W Cow (Tnus - TE:I:!IJ

3-4
I:'rm _ ﬂ‘- ﬂﬂ'ﬂ"l-ﬁnt:; ) .
C akmnd = Myw Cpw (Taus' - Tehl}/ﬁw.nufr
3-5
Viw = AVsrrom
3-6
Using the information from the table are
34,6k
¥ KW = — at
- 15916 kg/s Mass flow of the cooling water
. 0,00346m? . 0,00346m?
KW= — View = ——
- 15,916 kg/s / 1000kg/m”3 = 0.015916 - Flow of the

cooling water
A =0,07m? 0,0322 A = 0,07m? required total area of all pipes together
A tube with 1 inch and 1 m in length, the outer surface of 3.1415 * 0.025 m * 1m = 0,079 sqm

Le. it requires 0.0322 / 0.079 = 1-inch tubes of 1 m length.

3.4.3.2 The principle of a condenser tube bundle

In principle, a condenser tube of the tube bundle itself and the housing is disposed about.
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Condensor Design of Dec 2014

Kondensator
Rohrbindel ﬂTurblnenabdampf
Rohrboden Kondensatorhals
' I
e I Y
1 1 1 1 |
1 1 1 1 T
1 1 1 1 T
1 | | | 1
1 | -1 |
Umlenkbleche | |

o
I ﬂSpeisewasser 1

Kiihlwasser Kiihlwasser

Figure 3 4: Principle structure of a shell and tube condenser (Wikipedia)

Flows through the housing of the turbine exhaust steam is condensed on the individual
tubes of the tube bundle. The condensed water collects at the bottom of the housing and passes
over the feedwater outlet from. The baffles ensure that the steam flows around each area of the

tube bundle, and thus takes full advantage.

The capacitor may be designed as a counter-current or co-current heat exchanger. When co-current
principle, the cooling water flows in the same direction as the turbine exhaust steam. When

countercurrent flow they opposed.

3.5 Condensor Design of Dec 2014
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1- Rolled Pipe: 32 cm x 250 cm x 3
mm + 2 cap = 400$

2- Seamless (dt. Nahtlos) Pipe: 1" x

6 mx 3 mm, 6 pcs = 5008

VI o 1T

Thicknesqd: 10 or 15 mm
15mm Thickness, 2 pcs = 450$

Thickness of
plate: 4

_ 488

weld

inch

5- Socket weld Flange : 10 mm Thickness, 2
pcs = 4509, 4- Seamless pipe: 3" x 1 m x 3mm

Flange
15mm Thickness, 2 pcs = 450$

Seamless Pipe: 4" x 1 m
x 3mm

Socket weld Flange : 4"

6- Socket weld Flange :
4" -1 pc = 160$

S

Socket Weld Flange : 3"

7- Socket Weld Flange :
3" -1 pc = 140%

8- Bolts/Nuts &
Gaskets = 60$
9- Argon Gas +

welding rods = 200$

3 day work: 400 USD

Total: 3260 USD
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Boiler feed water
3.6 Boiler feed water

3.6.1  From TEMO-STPP 2™ project report (from Nagel, Fabian: Integration and animation of the
test stand): Speisewasserkessel

3.6.1.1 interpretation

The boiler feed water and serves as a buffer reservoir. It guarantees that the pump at all times,

sufficient supply of water available. For small spills or in case of failure, it could happen that the

amount of feed water decreases in the system and thus does not run enough water through the

condenser back to the pump.

In most cases, a portion of the exhaust steam of the turbine to preheat the feed water used in the
boiler. Specifically to be fed directly into the boiler feed water in the test stand about 1/3 of the

vapor and the remaining 2/3 run through the capacitor and come back as water in the boiler.

The design of the boiler based on estimates. It is intended solely as an order of magnitude and is in

front of the building in any case with manufacturers deny.

As assumptions in interpreting a tank volume of about 3m3 was adopted. Was chosen as the form
of a cylinder whose height is equal to its diameter. The roof is in the shape of a hemisphere. These
conditions can be the inner radius of the boiler to determine 0.71m. The interior height is therefore

three times the radius. As wall thickness, including insulation are assumed 10cm.

3.6.1.2 The ProE model of boiler feed water
The dimensions of the boiler comply with the assumptions made in section 3.5.1.1. The connections
are consistent with the dimensions of the pipes to be connected agreed (values from Error!

Reference source not found.).

Auslass
Speisewasser

Figure 3 6: ProE model of boiler feed water

Via the "feed water inlet of condenser" position, the water that is condensed in the condenser, into
the boiler. The proportion of the exhaust steam, which does not pass through the condenser, is
directly introduced into the spiral shown here. Within the spiral, the steam condenses, giving the
condensation enthalpy of the water in the boiler off and heats it thus. The steam pressure must be
high enough to urge the condensed water in the spiral in the boiler. The water column above the
outlet it is spiral about 1 - 1,5 m, representing a back pressure of about 0.1 - corresponds to 0.15
bar.

32



