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‘ HEAT TRANSFER LIMITATION DUE TO FOULING NUBE

Shell & tube heat exchanger fouling factor in CDU

0,004

TUBE FOULING LEADS TO: A
0,003 1= Y
* Heat transfer decrease ‘E M/_.,w/

. 0,002
* Pressure drop increase M’J"""'

0,001

« Limitation of exchanger
duty
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CAUSES:

* Productions losses

 Maintenance costs for
cleaning

* Energy costs




‘ THE CONCEPT OF INSERT

Heat transfer primarily occurs at the tube wall interface.
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TUBE
INSERTS

FOULING OCCURS AT TUBE WALL WHERE:

» The temperature is the highest
* The velocity is the lowest.

INSERTS PRINCIPLE IS TO WORK ON THE
BOUNDARY LAYER BY:

* Mechanically remove deposit when
it occurs

* Increase the turbulence to limit
boundary layer thickness.

) Wall Heat flux
Laminar flow
Flow |
* Deposit
— ] \
Sticking Heat flux Deposit bond
strength

probability
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‘ 3 TYPES OF TECHNOLOGIES NS
ROTATING "
Mechanical cleaning effect Flow w5 y‘\!/ﬂ\‘/ﬂ\V/I\V/A\V/I\!K.Z/AWA ViV W

based on rotation

Rotation around the axis Microvibration

VIBRATING —
Mechanical cleaning effect IR USRNSSR
based on vibration —

Radial vibration Axial vibration
SWIRL-EFFECT |
Reduce the stagnation Flow =i I]Afﬁ VWM ALATAT A A A A

adjacent to the tube wall

Increase in turbulence effect
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t CASE STUDY A - ROTATING INSERT "\,Tg&l.’rs

BEFORE THE FURNACE
2 branches of 2 bundles

626

Crude / Atmospheric residue

330 t/h

1,2to 1,8 m/s
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‘ CASE STUDY A - ROTATING INSERT INUBE

OHTC plain tube vs inserts rotating (kcal/hm2°C)

(

300

KEY PERFORMANCE INDICATORS

* Fouling rate divided by 4 200 !\N — —-
* OHTC @ Start of Run was higher by 25%
« OHTC after 200 days was higher by 110% 100 ‘Y -
* Run extended from 183 to 820 Days —omedanute
GAIN ON ENERGY RECOVERY (GJ/year) 75 000 C
ENERGY SAVING [ Q)

GAIN ON ENERGY RECOVERY (TOE/year) 1 820
GAIN ON CO2 EMISSIONS (tons/year) 5 460

1092 K$
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g/ CASE STUDY B - VIBRATING INSERT TuBe

Number of bundles 2 bundles in parallel
Crude / Bottom PA
1,8 mis

v

v

EINE)




KEY PERFORMANCE INDICATORS

* Initial run of 1 year

* Drop in Duty by 40%

* Average Duty of 8,3 MW (30Gj/hr)
+25% Duty Average

WITH INSERTS

* Run tripled with Spirelf
* Duty stabilized during entire 872 day-run
* Average Duty of 10,3 MW (37Gj/hr)

GAIN ON ENERGY RECOVERY (GJ/year) 60 100
GAIN ON ENERGY RECOVERY (TOE/year) 1 450
GAIN ON CO2 EMISSIONS (tons/year) 4 350

t CASE STUDY B - VIBRATING INSERT

- (00008000

TUBE
INSERTS
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Duty improvement after inserts installation

INSERTS INSTALLATION

A

Nan
v “L“‘

Days

300 600

900

1200

ENERGY SAVING
870 K$
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CASE STUDY C - SWIRL-EFFECT INSERT INUBE

Number of bundles 2 branches of 6 bundles
Atmos Residue / Crude
0.8 m/s

e Yokl o { .II'F 3
ME- 4 /‘/‘ /‘01\ —\ Wc\;( X
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AN AN AN AN
Navavavata




KEY PERFORMANCE INDICATORS

Swirl-effect inserts on 4 out of 6 exchangers improved

tube-side heat transfer and increased duty.

SOR: +8% duty
MID-RUN: +14% train duty
POST-CLEANING: +9% train duty

EOR / AVERAGE: +20% duty (local)

Overall +3% duty total train

‘ CASE STUDY C - SWIRL-EFFECT INSERT

S T

TUBE
INSERTS

Duty (Gcal/Hr)

Duty comparison Plain tube/ Swirl-Effect

Insert
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‘ FROM FOULING CONTROL TO IMPROVED PERFORMANCE INSBE

(

TUBE FOULING LEADS TO PERFORMANCE IMPROVEMENTS
« Heat transfer decrease v" Fouling mitigation: Mechanical & swirl inserts
+ Pressure drop increase reduce tube-side fouling by up to 4x
« Limitation of exchanger duty v Enhanced heat transfer: OHTC improvement up to

+100% in real operation
v" Duty increase up to 20%

TUBE INSERTS OPERATIONAL & ENERGY IMPACT
(mechanical & hydraulic effects) v' Extended run length & stable performance
« Mechanical cleaning effect ¥ Reduced cI.eaning frequency
* Increased turbulence v Energy savings up to $1M/year

- Boundary layer disruption v' CO; reduction :1000-5000 tons/year




) (\
<P
Your

Thank you for your attention

PETROVAL Contacts:
Didier Fontaines — (d.fontaines@petroval.com)

Marc Guillemaud -

(m.guillemaud@petroval.com)

Alexandre Demeulenaere —

(a.demeulenaere@petroval.com)

Learn more about our services:

https://www.petroval.com/

? We would be pleased to welcome
you at Booth D3!
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