CIRCULATION ANALYSIS FOR BOILER

ENGINEERING SERVICES FOR POWER PLANTS AND ENERGY SYSTEMS

\ Y : :
V Reticom Solutions

RETICOM




INTRODUCTION TO BOILER CIRCULATION
<

In boilers which have drum, the steam generation in
evaporator is achieved by water/steam circulation circuit.

Steam Outlet

Source of Driving Force:
U Forced Circulation: Pump

1 Natural Circulation: Buoyancy Force

Riser \

)

The buoyancy force is generated by difference in density
in left and right branches due to the amount of steam
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INTRODUCTION TO BOILER CIRCULATION ReTICOM
m < Water Inlet
In order to protect tubes from overheating, the steam Steam Outlet .
quality needs to be limited at the tube outlet. m
O m Steam production rate
oM Circulating flow rate =
go0<x<1 Steam quality at the tube outlet . m
M=—
O CR= % Circulation ratio <: X
Coupled thermo-hydraulic calculation is needed in a
try-and-error loop.
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CHALLENGES o

'Management Input Overal) | Input (Detais) | Soktion Control | Creera | Resus | Component Detals | Weight, Vokume 4 Price | Mechanical Stren
Numberof Haps 19 o
#Hap  No.Mesh
1 1 v
Challenges to Solve Boiler Circulation: _-: -
4 4 v
0 Complicated geometry s
6 2 v
0 Different pressure drops of branches —
9 4 v
0 Different heat absorption rate for tubes due e IR
Fox Geometry
to gradual temperature decrease in flue gas —
0 Non-uniformity in flue gas temperature »
0 Instability of calculation, specially for low-
pressure drum conditions
[ —
4
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FEATURES OF CIRCULATION SOFTWARE pET\:ém

Management | Corfiguration | Input (Overal) | Input (Detais) | Solution Cortrol | Crkeria | Resuls | Component Detais | Weight, Vokume & Price | Mechanical Strength
: H H Drum Condio It Flow Condtion Drum G
U Flexible to simulate complicated o Conden qa e e
@ Sat.Pressue | Bar v 785 (®) Approach Temperature | gegC v | 2 Water Level ' m v 25
arrangements O sat. Temperature [degC v (29369 O inlet Temperature deaC v/ (29169 nner Diameter | m v|[1e
et Fow Rake [ Irlet Enthalpy Kikg v| (1298747 Length m x| |75
[ Easy to input geometry details HEsEEs Tidmess [ v]f24
Nominal Bore Outer Diameter Inner Df
Branch Quantty Inch Size Schedule Thickness {mm)
L) Able to calculate natural/forced s ) ) -
MAIN DownComer 2 18 v 450 v 100 v 4572 29.3624 3984
CII"CulatIOn MAIN Manfold 2 18 v 450 v 100 v 4572 233624 3984
HARP #1 Feed Pipe 12 6 v 150 v 80 v 168275 109728 1463
0oc izable desi . . HARP #1 Riser n 5 v 10 [v] a0 v|  esams 109728 1463
ustomizable design criteria HARP #1 | Lower Header 2 8 v a0  [v] w0 [v] 2wom 23012 173¢
HARP #1 | Upper Header 2 8 vl a0 [v| w0 [v] 210m 2012 173¢
a Non-uniform heat absorption rate is HARP #1 | Evaporator Tube1 m FREEL | v| FREEl |v| FRERI v 331 24 33
HARP #1 | Evaporator Tube2 m FREE.  |v| FREE |v| FRER (v 381 24 3
appllcable HARP #2  Feed Pipe 12 6 v 150 v 80 v 168275 109728 146.
HARP #2 Riser 1 6 v 150 v 80 v 168275 10.9728 146.
D A .. f . d b b d HARP #2 | Lower Header 2 8 v 200 v 160 v 219075 230124 1730
Uto'SIZIng [e) P'Pes and tubes based on HARP #2 | Upper Header 2 8 v 200 v 160 v 219075 230124 1730
: : : HARF 72 Tube m FREE. |v| FREE v| FREEl 381 24 3
input criteria oot =
HARP 2 Evaporstor Tube2 7 fREE |v| FREE  |v| FRERl v 381 24 3
< >
Reset Deta Salve put Cancel 5
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FEATURES OF CIRCULATION SOFTWARE pET\:{:m

Management | Configuration | Input (Overal) | Input (Details) Solution Control | Crteria | Resuts

No. Sections in each Region . . . . .

S - 0 Estimation of FAC risk in tubes and risers

Feeder 5 . . . . .

M - | Managemert. | Gonfiguration | input Data | Solution Conirol| Citeria | Quiick Estimation of weight/volume/price
sl " Velocity Limitation (m/s) 0 Performs parameter study

Max. Allowable Errors in. Velocit reloci . . .

- frems v 0O Calculation of flow properties in all branches
Tubes Oulet Pressure (Bar) 0 001 Down Comer 15 4

FPeOiifisears (oo Maniold 0 4 U Distribution of water/steam properties along a
Pipe Flow (kg/s) 0.01 o 0 3 . | b

=t = single tube

Riser 0 10

_— Lower Header 0 2 L Providing user-control on numerical method
Growth Rate of 1st Guess 2 Loz aEis 0 3

e b s 100 Evaporator Tubes g 10

st Guess Outlet Qualty 1

Input Use Defauts 6
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SAMPLE OF RESULTS

N
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X
Management | Configuration | Input (Overall) | Input (Details) | Solution Control | Crieria | Results | Componert Details | Weight. Volume & Price | Mechanical Strength
Drum Steam Production o Circulation
Evaporator Steam Generation | kg/s V| |48.878 100.00 Circulated Flow |kg/s v | |841.797
Compensating Consumption  kg/s v 0.371 076 Circulation Ratio 1722
Otlet Steam Flow kg/s  v|[48507 99.24
L Calculation of flow features in | e Copon MesPoREe vy i) VeoonyOu i) Pesueh@al TR Quivn()  ouyC
all branches I oowrconer | 841757 75 80133 o | o
MAIN Manifold 841797 80.133 80.133 0 | 0
T .
[ Reporting high-risk branches HARP#1| Food Pre Leren o i B S R
HARP #1 Riser 487.874 8.044 813 78.861 78.501 7.405 | 7.51
D Eas to modlf Confl uratlon HARP #1| Lower Header 487.874 1.192 1.192 79.993 79.993 | 0 | 0
y y g HARP #1| Upper Header 487.874 2.876 2876 78.861 78.861 7.405 | 7.40
HARP #1 | Evaporator Tube 1 276.749 1.605 3.896 79.993 78.862 0 | 872
HARP #1 | Evaporator Tube2 211125 1.225 2362 79.993 78.86 0 | 5.67|
HARP #2 Feed Pipe 353.923 2418 2419 80.133 80.026 0 | 0
HARP #2 Riser 353.923 4093 4137 78.786 3.362 | 3.45)
HARP #2|  Lower Header 353.923 0.865 0.865 80.026 80.026 0 | 0
HARP #2|  Upper Header 353.923 1463 1463 78.786 78.786 3.362 | 3.36|
HARP #2 | Evaporator Tube1 231.952 1.346 2197 80.026 78.786 0 3.8
HARP #2 | Evaporator Tube2 121971 0.708 0.988 80.026 78.785 0 241 7
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SAMPLE OF RESULTS e

Management | Configuration | Input (Overall) | Input (Detais) | Solution Control | Crteria | Results Component Detas | Weight, Volume & Price | Mechanical Srength
Drum Steam Production “ Circulation
Evaporator Steam Generation |kg/s  v| 48878 | 10000 |  CrcuatedFow [kg/s v/ 841797
Compensating Consumption | ka/s v 0 0 Circulation Ratio 17222
Outlet Steam Fow ke/s  v|[48878 | [100
. . Volume Flowln  Voiume Flow Out Densty In DenstyOut  Specfic Voume  Specic Volume .
o All prope rties of flow in (m"3/s) (m"3/s) tka/m"3) tkg/m™3) In (m"~3/kg) Out (n"3kg) _ Volume (n"3) Weight ko)
N 1161437 1161 724789 725.062 0.00138 0001379 636 1545794
branches will be calculated. 1161 1161 725.062 725,062 0001379 0001379 636 1545794
0672872 067289 725.062 725037 000137 0001379 04 999.48
a Welght and volume of pipes 1.487959 1503983 327.881 324.388 0.00305 0.003083 092 229048
0672835 0672895 725,037 725.037 0.00137 0.001379 0.19 870.88
and tubes are calculated. !
1487959 1487959 327.881 327.881 0.00305 0.00305 0.19 870.88
0.381704 0.526289 725.037 298772 0.00137 0.003347 476 1128712
0291191 0561667 725.037 375.889 0.001379 0.00266 476 1128712
0.488128 0.48814 725.062 725.044 0.00137 0.001379 04 999.43
0.757102 0.765267 467.47 462483 0.00219 0.002162 052 229048
048814 0.48814 725.044 725.044 0.001379 0.001379 0.19 870.88
0.757102 0.757102 467.47 467.47 0.002139 0.002139 0.19 870.88
0319914 0522302 725.044 444,09 0.001379 0.002252 476 1128712
0.168225 02348 725.044 519.465 0.001379 0.001925 476 1128712 8
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82 Circulation Analysis [E=2ESH|

Management | Corfiguration | Input Data | Solution Corttrol | Criteria | Results | Component Details | Weight & Volume | Mecharical Strength |

Component Type Tube . 4 yAY_max
franch
= Even more details! - %\ —
Pressure [ ~] 798 78856
= Distribution of all parameters along a single Temerire [ ] w7
Enthalpy [ ~)13s0s8s 143668
tube Velocity [~ 3813
SteamQualty [ ~] 0 8636
= H hl ht . k . d t FAC VoidFraction [ ~] © 62086
ighlighting risky regions due to D ) 75| 05
0001379 0.003328 5 e R e
= Water/steam properties at each tube cross- as —&— o o2 ot o o8 0
R [~ 267 279567 Nommalized Valuz
sectl on Enthalpy Velocity ‘Steam Quality (%)  Void Fraction (%) Density Specific Volurr *
1309.85 1622 o o 725037 0.001373
= Metal temperature at each tube cross-section T o T oy o | s |2
13475 22723 2275 28485 529.034 0.00183
H B . 1360.59 2464 3.191 36.107 477259 0.002095
" Flndlng hOt SPOt reglons 1373.27 2705 4103 42.366 434718 0.0023
1385.95 2946 5014 47599 399.131 0.002505

139864 3187 5922 52041 36331‘2 0002711 T
i v

Study Status  Calculated

Related To Project
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