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Flow Analysis | Thermosiphons and Ketiles

Shell Side Flow Fractions Inlet Middle Cutlet Diameter Clearance
mm

Crossflow (B stream) 0.55 24 0.55

Window (B=C+F stream) 0.54 044 0.54

Baffle hole - tube OD (A stream) 021 031 021 079

Baffle QD - shell ID {E stream) 01s 025 015 318

Shell ID - bundle OTL {C stream) 0.09 0,04 0.09 1237

Pass lanes (F stream) [ 0 0

Rho*V2 Analysis Flow Area Velocity Density Rho*V2 TEMA limit

mm® mis h:g,“’m5 kgf'(m—s:] kg.f'(m—s’]

Shellinlet nozzle 265 113 26545 1239 2232

Shell entrance 2958 037 965.45 132 5es3

Bundie entrance 18620 0.06 26545 3 £953

Bundie exit 18620 0.06 828,62 3 5953

Shell exit 2227 051 928,62 24z 38933

Shell outlet nozzle 558 2.04 925.62 3835

mm® mis kg m® kg/(m -5%) kg/[m- )

Tube intet nozzle 50874 Tedd 0.34 2003

Tube infet 416583 93.29 0.34 2984

Tube outlet 41653 769 o4z 2450

Tube outlet nozzle S08T4 8846 0.38 1820

14
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Vapor density (kg/m3)
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Hot side : Vapor density vs Temperature
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Liquid viscosity (mPa®s)
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Cold side : Liquid viscosity vs Temperature
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Flow rate vapor in, SS _ 0 0

Flow rate vapor in, TS 480 3900 3900

Flow rate vapor out w/o noncondensables, SS I 0 0

Flow rate vapor out w/o noncondensables, TS ' 48 3900 3800

Flow rate vapor out, SS : 0 2

Flow rate vapor out, TS 3800 3200

Flu, actual 156 133 146

Heat load | : 3.2 1829 1604

Pressure drop, SS - 0.02225 0.02106 0.02521

Pressure drop, TS 1 0.05118 0.04557

Program mode Design {Sizing) Design (Sizing)|  Design (Sizing)
Temperature in, SS | 20 20 20

Temperature in, TS 30( 300 300

Temperature out, SS Il 60 60 60

Temperature out, TS fl 143, :/ 126.52 1482
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Hot side : Vapor specific heat vs Temperature
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Vapor thermal cond. (W/{m*K))
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Cold side : Specific enthalpy vs Temperature
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Liquid thermal cond. (W/(m*K))
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Cold side : Liquid thermal cond. vs Temperature
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Results pressure drop ... |

Pressure Drop bar Shell Side Tube Side
Maximum allowed 0.5 01
Total calculated 0.02225 0.05901
Gravitational 0 0
Frictional 0.02225 0.05901
Momentum change 0 0

N m/s bar %dp m/s bar %dp
Pressure drop distribution : :

Near Inlet Near Outlet Near Inlet Near Outlet

Inlet nozzle 113 0.00686 30.81 76.44 0.00901 15.27
Entering bundle 0.06 93.29 0.00754 12.77
Inside tubes 93.29 76.9 0.02849 48.29
Inlet space Xflow 0.06 0.00025 111
Bundle Xflow 0.04 0.05 0.00051 2.29
Baffle windows 0.03 0.03 9E-05 042
Qutlet space Xflow 0.06 0.00021 0.94
Exiting bundle 0.06 76.9 0.00856 145
Outlet nozzle 2,04 0.01434 64.44 69.46 0.00541 9.17
Liquid outlet nozzle
Vapor outlet nozzle
Intermediate nozzles
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Results thermal flow analysis

o o D s (0-2) g

Rho*V2 Analysis Flow Area Velocity Density Rho®y2 TEMA limit
e s ka/m? kadim-s") kgim-s)
Shell miet nozzle E 113 LEsds 1239
Shell entr £t 037 Sesdl
deentrznce 20 0.5 fezdl 3
deex 0.0& Ly, 3
Shell exit T 051 ozt 24z g
She = £ g L oz
mm’ mis ko/m* kgy/{m-s) kgy/(m-s)
Tube et nozzle 574 Th4d .54 !
Tube et 41483 8329 (5] )
Tube cut 41882 TED 42 480
lid - 1574 a4 133 )
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CONSTRUCTION OF ONE SHELL Sketch
Shell Side Tube Side
Design/Vacuum/test pressure bar| 4 / ! 3 ! i
Design temperature °C 95 335 ,ﬁ‘ Jﬁ’. .
MNumber passes per shell 1 1 ( “ l LE_J]‘T,_\_D
Carrosion allowance mm 0 0
Connections In mm| 1 3175 ¢ - 1 254 ¢/ - L
Size/Rating Cut 1 254 / - 1 254/ -
MNominal Intermediate ) - / .
Tube # 214 Q0: 1805  Tks, Average 165 mm  Lengtht 1200 mm Pitch: 23.81  mm  Tube pattern: 30
Tube type: Plain Insert: None Fin#: Z/m Material: S5 304
Shell 55 304 D 400 CD 410 mm | Shell cover -
Channel or bonnet 55 304 Channel cover -
Tubesheet-stationary 55 304 - Tubesheet-floating -
Floating head cover - Impingement protection  None
Baffle-cross 55 304 Type Single segmental Cut{%d) 29,38 H Spacing:cfc 135 mm
Baffle-long - Seal Type I Inlet 229,98 mm
Supports-tube U-bend 0 Type
Bypass seal Tube-tubesheet joint Expanded only (no aroovelifpp.A 'K
Expansion joint - Type MNone
RhoV2-Inlet nozzle 1239 Bundle entrance 3 Bundle exit 3 kg/{m-s°)
Gaskets - Shell side - Tube side Flat Metal Jacket Fibe
Floating head -
Code requirements ASME Code Sec VI Div 1 TEMA class R - refinery service
Weight/Shell 5331 Filled with water 785 Bundle 256.9 kg
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Setting Plan

Views on amow A
—A 2700 Overall
H34
D 352 . 3% 1005 351
‘§L ‘ |
(&) (@)
398 240 658 :
Pulling Lengthe—480__ - -
N Bl
ol Bl
. ﬁ ﬁ
190 ] 150 |
2 Bolts 2 Bolts
Fixed Sliding
Nozzle Data Design Data Units Shell Channel Notes: Company: saipa
Ref | 0D Wall Notes || Design Pressure bar 4 3 Locasion: tehran
S1 | 42mm] 3.6 mm Slip on Design Temperature R 95 335 Sesvice of Unit: Our Reference:
52 [33mm | 34mm Sipon Full Vacuum 0 0 ttem No: Your Reference:
T1 1273 mm| 9.3 mm Slip on Corrosion Allowance mm [] [] Date: 2018 RevNo: Job No.:
T2 1273 mm] 9.3 mm Slip on est Pressure bar
Number of Passes 1 1
= g e Company Name
PWHT [ g City, State
Internal Volume m? 0.0718 0.2476 Scale:
Rev: | Date: | Description | Dwg.| Chk_ Agﬂl o Setting Plan
Weight Summary ITEIMTE:BEM
I Empty | Fiooded |  Bunde Size: 400- 1200 | DwgNo: |M
[ 533kg | 785kg | 257kg [TEMAClass: 0 zafart 4
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Tubesheet Layout

Shell inside diameter
Front head inside diameter

Tube number (calcs.)

HHEEE
b

Tube number (layout)

Tube length mm | 1200
Tube O.D. mm | 19.05
Tube pitch mm | 238125
Tube pattem

Tube passes

Tie rod number

Tie rod diameter mm | 955
Sealing strips (pairs)

Baffle type Single segmental
Centre to outer baffie cut mm | 824889

Centre fo inner baffie cut

None
Shell Side Inlet Nozzle Inside Diameter mm 5.052
Shell Side Outlet Nozzle Inside Diameter mm | 26.6446
‘Notes: Camgany sapa.
Location: tehran
Service of Unit: Our Refierence:
RemNo ‘Your Reference:
Date: 2018 RevNo. Job No.
Comgansy Name
ity, State
11 1 T ) TeaRo-
1 11 T ey | zatait 2

Costs/Weights

Weights kg | Cost data Dollar(US)
Shell 119.9 | Labor cost 15343
Front head 717.7 | Tube material cost 1203
Rear head 78.6 | Material cost (except tubes) 5019
Shell cover

Bundle 256.9

Total weight - empty 533.1 | Total cost (1 shell) 21565
Total weight - filled with water 785 | Total cost (all shells) 21565
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Abstract

This study examines the industrial water heating by using the heat removed from
the exhaust furnace in the converter . Hot water with a flow of 3000 kg/h was
obtained at converter output. The gas also lost its heat « reaching 148.2 ¢ « and the
thermal energy transfered to the the converter was 160.4 kW. Also « the geometric
specifications and the design of the converter were made to make this simulation
real and possible in industry. The thermodynamic and flow characteristics of the
gas were extracted at the outlet < and the deposits containd in the gas flow pipe
cause a drop in pressure and a drop in speed ¢ which has been investigated.
according to the results of a temperature of 300c to the converter and in flow of
3000 kg/h water « the optimum input for heating the water at 20 ¢ to 60 c is to
save energy and to fit it « the converter will be provided at a reasonable price .
Meanwhile « the burning of 129600 cubic meter of fossil fuels and 160.4 kW
energy per year will be prevented and we will have a healthier environment.

Key words : heat exchanger, energy, optimization, furnace, exhust
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