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. SLOVENSKA TECHMICKA UNIVERZITA V ERATISLAVE

Sposob navrhu VT, navrhové parametre, optimalizacia, ...

s Dostatocna znalost médii na oboch stranach
s Fyzikdlno-chemické data <«— MEDIUM
s*Zanasanie

**Pritomnost castic ( ich velkost )

“*PoZadovana/hladana teplota /
** Maximalne tlakova strata

<—___ | KONSTUKCIA

PROCES

**Poznatky o zadkladnych konstrukénych druhoch VT
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. SLOVENSKA TECHMNICKA UNIVERZITA V BRATISLAVE

Sposob navrhu VT, navrhové parametre, optimalizacia, ...

Q=W (T) - T, <— Bilan¢na rovnica
Q = UAAT,, ¢
Q = heat transferred per unit time, W, Kineticka rovnica

U = the overall heat transfer coefficient, W/m?>°C,
A = heat-transfer area, m?2,
AT,, = the mean temperature difference, the temperature driving force, °C.
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U, = the overall coefficient based on the outside area of the tube, W/m?°C
h, = outside fluid film coefficient, W/m?°C,
h; = inside fluid film coefficient, W/m2°C,
hoq = outside dirt coefficient (fouling factor). W/m?°C,
h;y = inside dirt coefficient, W/m?°C,
ky = thermal conductivity of the tube wall material, W/m°C,
d; = tube inside diameter, m,

d, = tube outside diameter, m.



SLOVENSKA TECHNICKA UNIVERZITA V BRATISLAVE

Sposob navrhu VT, navrhové parametre, optimalizacia, ...

Table 12.1.

Typical overall coefficients

Shell and tube exchangers

Air-cooled exchangers

Hot fluid Cold fluid U (W/m?°C)
Heat exchangers

Water ‘Water 800-1500
Organic solvents Organic solvents 100-300
Light oils Light oils 100-400
Heavy oils Heavy oils 50-300
Gases Gases 10-50
Coolers

Organic solvents ‘Water 250-750
Light oils ‘Water 350-900
Heavy oils Water 60-300
Gases ‘Water 20-300
Organic solvents Brine 150-500
Water Brine 600-1200
Gases Brine 15-250
Hearers

Steam Water 1500-4000
Steam Organic solvents 500-1000
Steam Light oils 300-900
Steam Heavy oils 60-450
Steam Gases 30-300
Dowtherm Heavy oils 50-300
Dowtherm Gases 20-200
Flue gases Steam 30-100
Flue Hydrocarbon vapours 30-100
Condensers

Aqueous vapours ‘Water 1000-1500
Organic vapours Water T00-1000
Organics (some non-condensables) ‘Water 500-700
Vacuum condensers ‘Water 200-500
Vaporisers

Steam Aqueous solutions 1000-1500
Steam Light organics 900-1200
Steam Heavy organics 600-900

Process fluid
Water 300-450
Light organics 300-700
Heavy organics 50-150
Gases, 5-10 bar 50-100
10-30 bar 100-300
Condensing hydrocarbons 300-600
Jacketed vessels
Jacket Vessel
Steam Dilute aqueous solutions 500-700
Steam Light organics 250-500
‘Water Dilute aqueous solutions 200-500
‘Water Light organics 200-300
Gasketed-plate exchangers
Hot fluid Cold fluid
Light organic Light organic 2500-5000
Light organic Viscous organic 250-500
Viscous organic Viscous organic 100-200
Light organic Process water 2500-3500
Viscous organic Process water 250-500
Light organic Cooling water 2000-4500
Viscous organic Cooling water 250-450
Condensing steam Light organic 2500-3500
Condensing steam Viscous organic 250-500
Process water Process water 5000-7500
Process water Cooling water 5000-7000
Dilute aqueous solutions Cooling water 5000-7000
Condensing steam Process water 3500-4500




SLOVENSKA TECHNICKA UNIVERZITA V BRATISLAVE

Sposob navrhu VT, navrhové parametre, optimalizacia, ...

Table 12.2. Fouling factors (coefficients), typical values

Fluid Coefficient (W/m2°C) Factor (resistance) (m2°C/W) ne é istenie
River water 3000-12,000 0.0003-0.0001
Sea water 1000-3000 0.001-0.0003 /
Cooling water (towers) 3000-6000 0.0003-0.00017
Towns water (soft) 3000-5000 0.0003-0.0002
Towns water (hard) 1000-2000 0.001-0.0005
Steam condensate 1500-5000 0.00067-0.0002 Cold fluid
Steam (oil free) 4000-10,000 0.0025-0.0001
Steam (oil traces) 2000-5000 0.0005-0.0002 — Qulter laycr of fouling
Refrigerated brine 3000-5000 0.0003-0.0002 L
Air and industrial gases 5000-10,000 0.0002-0.0001 — ~Tube wall
Flue gases 2000-5000 0.0005-0.0002
Organic vapours 5000 0.0002 o — .
Organic liquids 5000 0.0002 Hot Inner layer of fouling
Light hydrocarbons 5000 0.0002 .
Heavy hydrocarbons 2000 0.0005 (Tuid Cold fluid
Boiling organics 2500 0.0004 +
Condensing organics 5000 0.0002
Heat transfer fluids 5000 0.0002 Hot
Aqueous salt solutions 3000-5000 0.0003-0.0002 fluid |
ui ~ .
. —=() F N 0)—
Poznamky: 5 T
\
3 . . D, =15cm
Napriklad pri fouling factor h; =800 W/m2-°C
v . _ 2
0,0001 ( faktor znecistenia ) e R ;=0.0004 m=*C/W
je ako by sem pridali na povrch 10 = 1200 W/m?2-°C
0,2 mm vrstvu vapenca s R; ,=0.0001 m*°C/W

tepelnou vodivostou 2,9 W/m°C



SLOVENSKA TECHMNICKA UNIVERZITA V BRATISLAVE

Sposob navrhu VT, navrhové parametre, hlavné pojmy, ...

AT, = F,ATy,

where AT, = true temperature difference, the mean temperature difference for use in

the design equation 12.1, ) s,
Str. Logaritmicka teplota

LMTD

F, = the temperature correction factor.

(Ty — 1) = (Tr, — 1)
(T —12)

ATy, =

TP ] —
— 1
’ : o Shell
2
where AT, = log mean temperature difference, £ ' T
. . 2
T = hot fluid temperature, inlet, 3 e ——
. < ——
T5 = hot fluid temperature, outlet, = t, — e hos
11 = cold fluid temperature, inlet,
Heat transferred

1> = cold fluid temperature, outlet.
$To

tz )
b

'
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SLOVENSKA TECHNICKA UNIVERZITA V BRATISLAVE

Sposob navrhu VT, navrhové parametre, hlavné pojmy, ...

s Area Density Close In
/Parameter [3/ Lepngrpc?arifwum{om
s Temperature approach

s Temperature cross

/Cross-flow/

\/
A X4

Temperature
Cross

B—pomer teplo-vymennej plochy

T4 N
k celkovému objemu vymennika Hot fluid T _~ Condensing fluid !
tepla: c, = |
AT, | _ |
J | .v 0 |
B—700 m2/m3 kompaktny VT - AT ' |
|
I |
AT, | Lc 1d fluid '
B- 6000 m2/m?3 keramicky VT \mmkl ] old flui i
- 20 000 m?/m?3 ludské pltuca VT C.=Cy “"i !
| |
| |
AT = AT, = AT, = constant : :
| |
| |
L x [

Inlet Outlet Inlet Out]e?
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Saturated
Dome steam

Boiler
Demister\f 1_‘ feedwater
J

**Ohrievace
**Chladice
“*Varaky

Hot oil

—= Cooled

Level .
oil

indicator

Blowdown

Condenser Evaporator/re-boiler

Vapour «

Water

4= Hot water

B condonsats
- Conling water

Condensate Liquid



SLOVENSKA TECHNICKA UNIVERZITA V BRATISLAVE

Typy VT. Podla charakteru vymeny tepla

**Bez zmeny skupenstva ( ohrievace, chladice )
**Bez zmeny skupenstva (varaky, kondenzatory )

Vapour

Fouling fluid
\ 4 3

»Fouling

Condensate




SLOVENSKA TECHMNICKA UNIVERZITA V BRATISLAVE

Typy VT. Podla typu prudenia.

+* Suprud /Parallel/

¢ Protiprud /Counter/

¢ Krizovy tok /Cross-flow/
+» Kombinacia

Cross-tflow
(unmixed)

Cold
out Cold
Tube flow T in
(unmixed) ‘
Hot q Hot q
. Hot Hot
N R LS | — L n_ g | — ~out
| | — |
I = |
i J I
Cross-flow —»=
(mixed) | T |
| Cold Cold
:____ in out
Co-current configuation Countercurrent configuartion

Tube tflow
(unmixed)



SLOVENSKA TECHNICKA UNIVERZITA V BRATISLAVE

Typy VT. Podla typu prudenia.

¢ Suprud /Parallel/

¢ Protiprud /Counter/

¢ Krizovy tok /Cross-flow/
s Kombinacia




SLOVENSKA TECHNICKA UNIVERZITA V BRATISLAVE

Typy VT. Podla poctu teplo-vymennych ploch.

¢ Zmiesavacie /bez teplo-vymennej plochy/
**Regeneracné /spolocna teplo-vymenna plocha/
**Rekuperacné / jedna teplo-vymenna plocha oddelujuca média/

Gas
out

Gas
in ]




SLOVENSKA TECHNICKA UNIVERZITA V BRATISLAVE

Typy VT. ZmiesSavacie

*¢Direct steam injection /Priamy ohrev parou/ Pozndmky:
_ <*minimalna tlak. diferencia
seench S HieH] ¢ velkost bublin ->nizky tlak

pary
¢ max. hydrostaticky tlak

Self-acting ||
temperature control system &
[

Temperature sensor Tank

Sparge pipe

Not recommended
Bubbles

Sparge pipes

' ’ — Recommended orientation




SLOVENSKA TECHNICKA UNIVERZITA V BRATISLAVE

Typy VT. ZmiesSavacie

*¢Direct steam injection /Priamy ohrev parou/ poznamky:

s*najefektivnejsi sposob ohrevu
4— steam in ¢ Uspora energie (20-30%)
¢ zvacsa jednoduché zariadenie
s*malé naroky na priestor
+»iba para

Nozzle
Liquid in ——— s*senzibilné
Ill- Sy ssexternal/internal modulation
Hot liquid out St=amin
Cold
Liquid in
Steam Control
Warm
Liquid out
Partial Steam
L Pressure Hot condensate out
E) == (% IN-DIRECT HEATING
Steam
Inket Cold Liquid In
Sonic Velocity Steam Jet
ﬂ ! ] Warm
Full Steam | ] Steamin Liquid out
Pressure
[ StemPlg | =Fot Fluid Discharge -
- Combining Tube |

Steam Nozzle I I ‘
e Hot Water vt DIRECT HEATING



. SLOVENSKA TECHMNICKA UNIVERZITA V BRATISLAVE

Typy VT. ZmiesSavacie

s¢Direct water injection /Priame chladenie vodou/

Poznamky:
*»*Turbine bypass system
¢ tkz. zastrekovy ventil i
% Chladenie vodou Tubine i -
|
|

638

Exhaust
Duct

DNSO
700 PN40

323,9x??
407

~1100 384

114,3x5

Turbine Exhaust

Condenser Duct

Steam Inlet

Conlin?
Water Inlet

To Condenser
9 Steam Inlet




SLOVENSKA TECHMNICKA UNIVERZITA V BRATISLAVE

Typy VT. Regeneracné

s*Regeneracné VT s pevnou/rotacnou teplo-vymennou plochou

Pouzitie:

" -(g)-(g) pri T T Obj. toku a? do 150
m3/s.

-25m, 1600 ton.

Cooled Cold Cooled
GasOut Gasin Gas Out

O Valve open/closed

® Valve closed/open
7] Hot period Vyhody:
Cold period -vhodny aj pre nizke teploty,

-mozno dosiahnut malé teplotné
rozdiely,
-pre velké objemové toky.

~ Nevyhody:
- -straty pri zapojeni,
_ ~ -zmie$avanie plynov (zvyskov),
) -tazko Cistitelné.

Heated Hot Heated
GasOut  Gaslin Gas Out




SLOVENSKA TECHNICKA UNIVERZITA V BRATISLAVE

Typy VT. Regeneracné

**Regeneracné VT s pevnou/rotacnou teplo-vymennou plochou

Regenerative Heat
Exchangers with
Rotating Heating
Surfaces
(ROTHEMUHLE-Rotor
System, first described
by Fredrik Ljungstrom)

Regenerative Heat
Exchangers with
Stationary Heating
Surfaces
(ROTHEMUHLE-Stator
System)




SLOVENSKA TECHNICKA UNIVERZITA V BRATISLAVE

Typy VT. Rekuperacné

+¢* Double pipe HE /Hairpin/ DPHE Vymennik rurka v rarke

¢ Shell and Tube HE STHE Rurkovy vymennik tepla

¢ Scraped-Surface HE SSHE VT so stieranym povrchom
* Plate HE PHE Doskovy vymennik tepla
+* Shell Plate HE SPHE Doskovy oplastovany VT
+» All-welded HE AWHE Celozvarany doskovy VT

+* Block HE BHE Blokovy vymennik tepla

+* Spiral HE SHE Spiralovy vymennik tepla
«» Air HE AHE Vzduchové vymennik tepla

—700 m?/m3
kompaktny VT



SLOVENSKA TECHNICKA UNIVERZITA V BRATISLAVE

Rekuperacné VT: Vymennik rarka v rurke

Gland

Siroky rozsah teplot a zvIast vysoké tlaky.
B=0,6-5m?/m3,

.
See detalil

Pouzitie v systéme: Gland\ﬁ % %
E |

(g)-(g), (g)-(1), + kondenzacia

Vyhody: 7

Packing

-je mozné dosiahnut Cisty suprudny a
protiprudny tok, (a) Single hairpin
-realizacia velkej teplotnej diferencie medzi
vnutornou a vonkajsou rurkou,

-variabilita pouzitia materialu,

-dobra moznost Cistenia oboch ploch.

Nevyhody:

- vysoké poziadavky na material a zastavanu
plochu.

- Nizka 3
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Rekuperacné VT: Vymennik rarka v rurke

Flurg Anlet

Fluid B
inler

Split ring

Shell flange
Backup flange

Header flange



SLOVENSKA TECHNICKA UNIVERZITA V BRATISLAVE

Rekuperacné VT: Rurkovy vymennik tepla

Rozsah tlakov a tepl6t bezne do:
p=4 MPa ( max. 60 MPa —rurka)
T=500 °C

- pri priemere rurky d=20 mm: = 100 m?/m3,
-pri priemere rarky d=25 mm: = 75 m?/m3.

PoufZitie:
(1)-(1), (g)-(1), (1)-(g), zriedkavo (g)-(g)

Vyhody:

-materidlové prevedenie /ocel, plast, sklo, grafit/,
-tedria, skoro 100 rocna tradicia, prevadzkové
skusenosti,

pouZitie v Sirokom rozsahu teplot a tlakov,

menej narocnd vyroba,

moznost mechanického cistenia.

Nevyhody:
-relativne T T tlakové straty /viacchodé VT/,

-rarkové vymenniky maju vacsiu hmotnost,
-vysoké poziadavky na materidl a zastavanu
plochu.

- Nizka B
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Rekuperacné VT: Rurkovy vymennik tepla

TEMA
The Tubular Exchanger Manufacturers Association

-celosvetovo uznavany a
zauzivany sposob navrhu
rurkovych vymennikov
tepla

-komplexny spdsob
pevnostného vypoctu

-geometricka
charakterizacia

-TEMA sheet

-doporucené hodnoty
znecistenia

FRONMT END
STATIONARY HEAD TYPES

i
ta.e

BOMNET (INTEGRAL COVER)

REAR END
HEAD TYPES

ONE PASS SHELL

I

-1

=4

FIXED TUBESHEET
LIKE “A” STATIONARY HEAD

I

TWO PASS SHELL
LONGITUDINAL BAFFLE

':é- T

FIXED TUBESHEET
LIKE “B* STATIOMARY HEAD

SPUT FLOW

=z 1

LIKE “N" STATIONARY HEAD

=

CHAMMNEL INTEGRAL WITH TUBE-
SHEET AND REMOVABLE COVER

==

4;} .E y
=

CHANNEL INTEGRAL WITH TUBE-

SHEET AND REMOVABLE COVER

DOUBLE SPLIT FLOW

=7

1

DIVIDED FLOW

.......

FLOATING HEAD
WITH BACKING DEVICE

T

T T

KETTLE TYPE REBOILER

zmzeseed g Soomess

SPECIAL HIGH PRESSURE CLOSURE

i

CROSS ROW

EXTERMNALLY SEALED

FLOATING TUBESHEET




SLOVENSKA TECHMICKA UNIVERZITA V ERATISLAVE

Rekuperacné VT: Rurkovy vymennik tepla

_5433!5315341229 7 8 28 18) (35) (2

e}
| — 1 | 35
|
] | (T
i
) 1
1) )G () @ AES ) @) G M) ) @) &

1. Stationary Head-Channel 21. Floating Head Cover-External

2. Stationary Head-Bonnet 22, Floating Tubesheet Skirt

3. Stationary Head Flange-Channel or Bonnet 23. Packing Box

4. Channel Cover 24. Packing

5. Stationary Head Nozzle 25. Packing Gland

6. Stationary Tubesheet _ 26. Lantern Ring

7. Tubes 27. Tierods and Spacers

8. Shell 28. Transverse Baffles or Support Plates

9. Shell Cover 29. Impingement Plate
10. Shell Flange-Stationary Head End 30. Longitudinat Baffle
11. Shell Flange-Rear Head End 31. Pass Partition
12. Shell Nozzle 32. Vent Connection
13. Shell Cover Flange 33. Drain Connection
14. Expansion Joint 34. Instrument Connection
15. Floating Tubeshest 35. Support Saddle
16. Floating Head Cover 36. Lifting Lug
17. Floating Head Cover Flange 37. Support Bracket
18. Floating Head Backing Device 38. Weir
19. Split Shear Ring ) 39. Liquid Level Connection
20. Slip-on Backing Flange 40. Floating Head Support
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Rekuperacné VT: Rurkovy vymennik tepla
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Rekuperacné VT: Rurkovy vymennik tepla

FIGURE G-5.2 HEAT EXCHANGER SPECIFICATION SHEET

ob No.

Customer IReference No.

Proposal No.

Date Rev.

Service of Unit Item No. X
Type (Hor/Vert) C in Parallel Series
Surtfnit (Gross/Eff.) sq ft; Shells/Unit Surf{Shell (Gross/Eff.) sq ft

PERFORMANCE OF ONE UNIT

Fluid Allocation Shell Side Tube Side
10{Fuld Name

11|Fiuid Quantity Total Thih]
12 Vapor _(InjOut)

13 Liquid

14 Steam

15 Water

18 Noncondensable

17 °F

1B|wiiu Gravity
ity, Liquid cP,

g

© @ u Bt s DN

ecific Heat BTU/Ib °F
[Thermal C: y BTU Tt/ hr sq ft °F
24|Latent Heat BTU/b@"F
25|inlet Pressure psia|

ft/ sec

B
T
H

27[Pressure Drop, Allow. /Calc. psil / [
Fouling Res: [Min.] hrsqht °F7 BTU|
Heat Exchanged BTU [ hr_MTD (Corected) °F|
Transier Rale, Service Clean BTU/hr sq fl °F
CONSTRUCTION OF ONE SHELL Sketch (B O

Shell Side Tube Side

Design / Test Pressure —E@I i /
/ !

Corosion in

[Tube No. oD in;Thk (Min/Avg) in;Length f;Pilch in -4-30 60 5 90-0-45

Tube T Material
|ﬁ'|el D oD in | Shell Caver (integ.) (Remav.)
43 Channel Cover

Tubesheet-Fioating
Impingement Protection
Type %Cut (DiamyArea) Spacing: cfc Inlet in)
Seal Type
U-Bend Type
Tube-to-Tt Joint
Type
Bundle Entrance Bundle Exit
52|Gaskets-Shell Side Tube Side
Floating Head
Code Requirements: TEMA Class
[Weight / Shell Filled with Water Bundie 1]
Remarks

1) 5 3)(6)(10, 35,

2B EBAERLS




i %ﬁ-— FIGURE G-5.2 HEAT EXCHANGER SPECIFICATION SHEET

2 Ee = 1 Jab ho.

ErvendE e \2% Ty
e - — 3 Proposal No.
: 4|Piant Location N Date Rev.
= 5[Service of Unit = Jtom No,
: ’ 6|Size Type (Hor/Vert) Connected in Paralle! Series
== i r|smmt (Gross/Ef) sq ft; Shells/Uni Surf/Shell (Gross/Ef) sqft
T ~l REACARLIEALIAE AE AME LIKEIT B
- r — =]
= : TEMA Sheet
- C—— e —
: -3 Bloky informacii
| = [
i % . . 7 . ’ ’

E -Identifikacia vymennika tepla.

-Parallel / Series
-Zakladné rozmerové parametre
-Celkova teplovymenna plocha



SLOVENSKA TECHNICKA UNIVERZITA V BRATISLAVE

Rekuperacné VT: Rurkovy vymennik tepla

Ll el il e i L 1 ey wag wen sy e e 1y v g g g

e

e ——— o PERFORMANCE OF ONE UNIT
— = 9|Fiuid Allocation Shell Side Tube Side
== - 10{Fuid Name
o= = e 11 |Fluid Quantity Total Ib/hr
e :gl Vapor _(In|Out)
i /
i /u mﬁ
e — 15 Water
— i L 16 Noncondensable ré
e - 7 T 17| Temperature
= : - 18(Specific Gravity |
i — z 20(Molecular Weight, Vapor |
= 21|Molecular Weight, Noncondensable _
e zzlamm BTU /b °F
= = (T 23 Conductivity BTUft/hrsqft °F
= o 24|Latent Heat BIU/b@ T
T — 25/Inlet Pressure psia
P e 26|velocity ft/ sec
= — e 27|Pressure Drop, Allow. /Calc. __ psil / !
e 28|Fouling Resistance (Min.) hrsqft °F / BTU|
£ Heat ed BTU/ hr MTD (Carrected) °F
’ 20 Rate, Service Clean BTU/ hr sq it °F |
TEMA Sheet

-Procesné parametre VT
-Celkovy vykon ( Dirty / Clean) v zavislosti od
zvoleného Fouling Resistance.



SLOVENSKA TECHNICKA UNIVERZITA V BRATISLAVE

Rekuperacné VT: Rurkovy vymennik tepla

2EEED

s s e | — CONSTRUCTION OF ONE SHELL Sketoh (Bundie/Noz7Ie Orientation)
e | Shell Side Tube Side
= - [ Test Prossure 7 ;
/
f;Bitch n ~3-30 60 £F 90645
Material —
Shell Cover (integ.) {Remav.)
{Channel Cover
Tubesheet-Fioating
{impingement Protection
%Cut (DiamyArea) Spacing: cfc Inlet n
Seal Type
Type
Tube-to-Tubesheet Joint
Type
Bundle Exit
Tube Side
TEMA, Class
Bundle b

TEMA Sheet

-Konstrukéné parametre VT




SLOVENSKA TECHMNICKA UNIVERZITA V BRATISLAVE

Rekuperacné VT: Rurkovy vymennik tepla

Fixed Floating-Head Floating-Head
Tubesheet Pull-Through  Outside-Packed  Split-Backing-  Outside-Packed
U-Tube (TypesL,M,  Floating Head  Lantern Ring Ring Floating-  Stuffing Box
Type of Design ~ (Type U) and N) (Type T) (Type W) Head (Type S)  (Type P)
Relative cost A B C C D E
increases from A
(least expensive)
through E (most
expensive)
Provision for Individual Expansion Floating head  Floating head Floating head Floating head
differential tubes free to  joint in shell
expansion expand
Removable bundle Yes No Yes Yes Yes Yes
Individual tubes Only thosein  Yes Yes Yes Yes Yes
replaceable outside rows
Tube interiors Difficult to Yes, Yes, mechani-  Yes, mechani- Yes, mechani- Yes, mechani-
cleanable do mechani-  mechanically  cally or cally or cally or cally or
cally;cando  or chemically chemically chemically chemically chemically
chemically
Tube exteriors Chemically Chemically Chemically Chemically Chemically Chemically
with triangular only only only only only only
pitch cleanable
Tubes exterior Yes, mechan-  Chemically Yes, mechani-  Yes, mechani- Yes, mechani- Yes, mechani-
with sqare pitch ically or only cally or cally or cally or cally or
cleanable chemically chemically chemically chemically chemically
Number of tube Any practical ~ No practical No practical Limited to No practical No practical
passes even number  limitations limitations single- or limitations limitations
possible (single-pass double-pass (single-pass
floating-head floating-head
requires requirespacking
packing joint) joint)
Internal gaskets Yes Yes No Yes No Yes

eliminated




Rurkovy vymennik bez
fazovej premeny

Typicka konstrukcia

BEM

Detail A

Fixed tubesheet heat exchanger

TEMA TYPE BEM
For parts nomenclature see Table 6-1

Welded unions

J]] Shell




SLOVENSKA TECHNICKA UNIVERZITA V BRATISLAVE

Rekuperacné VT: Rurkovy vymennik tepla
Rurkovy vymennik s fazovej premeny

Typicka konstrukcia
AKT

Saturated

Dome steam

Demister\f

Boiler

ri feedwater

Hot oil

Level — Sicl)oled

indicator

Blowdown
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Rekuperacné VT: Rurkovy vymennik tepla

Rurkovnica / Tubesheet /

- vo vSeobecnosti najdrahsia ¢ast VT,

- rurky zvarané pripadne lisované.
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Rekuperacné VT: Rurkovy vymennik tepla

Rarkovy zvazok / Tube bundle /




SLOVENSKA TECHNICKA UNIVERZITA V BRATISLAVE

Rekuperacné VT: Rurkovy vymennik tepla
Prepazky / Baffles /

| _—— Main Flow

Shell :
Eddies
Diameter at

«— Baffle

a. Small Baffle Cut b. Large Baffle Cut

c. ldeal Baffle Cut and Baffle Spacing

doo0ag

© 00 00 ODoCOo
ho 0000 000000
00g 000 0000 00
00 CQOo 000 C O
000 0Q 00CQQ

[slNe e
2 Consecutive baffles
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Prepazky / Baffles /
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iple Segmental
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Tubesheet
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Longitudinal section
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Rekuperacné VT: Rurkovy vymennik tepla
Prepazky / Baffles /

a b Tube

Noncontinuous helical baffles




SLOVENSKA TECHMNICKA UNIVERZITA V BRATISLAVE

Rekuperacné VT: Rurkovy vymennik tepla

Prepazky / Baffles /
80 10
m with segmental baffles | = with segmental baffles
70 4 e with helical baffles g e with helical baffles
60
| 5
50 &
3 | S
40 4 3 44
30
] 2~
20 -
| 0
10 T T T T T T T T T T T T T T T T T T T
0 5 10 15 20 25 30 0 5 10 15 20
Volumetric flow rate, m3/h Volumetric flow rate, m3/h




Rekuperacné VT: Rurkovy vymennik tepla

Prepazky / Baffles /

1975
Phillips Petroleum
Company

50% < tlakova strata

Uniform Flow Pattern

I - vibraéné poskodenie
4 bodovy kontakt

RODbatfle

Flow Reversal Pattern

Plate-Baftle




. SLOVENSKA TECHMNICKA UNIVERZITA V BRATISLAVE

Rekuperacné VT: Rurkovy vymennik tepla

Triangular Rotated
(30°) Triangular

On., 00 , O
oo-m»oomooo

Usporiadanie rarok / Tube pattern /

Posudzujeme:
-Cistitelnost

- Paramater 3

-Tlakova strata

- Sucinitel prestupu tepla

Triangular Square Rotated Square
B Besf;ﬁh_eat transfer == Low pressure drop = B‘Iemanicgiedeanim
coBlIHIent == Mechanical cleaning LR N 2o
== largest Heat Transfer between the tubes [0 Medium pressure drop

Area per volume
= Higher pressure drop

Low Heat Transfer Area
per volume

O Medium heat transfer
coefficient

235

= No mechanical cleaning = Lower heat transfer =  Low Heat Transfer Area Sq uare Rotated
between the tubes coefficient per volume {goe) Sq uare
(45)




SLOVENSKA TECHNICKA UNIVERZITA V BRATISLAVE

Rekuperacné VT: Rurkovy vymennik tepla

Pocet chodov / Number of Passes /

Pocet VT
zapojenych:

Sériovo
Paralelne

Tesnenie
oddelovacich
prepazok

Vypocet
korekéného
faktora F

]

Four passes

1

Six passes



SLOVENSKA TECHNICKA UNIVERZITA V BRATISLAVE

Rekuperacné VT: Rurkovy vymennik tepla

750 f 4

Vstupné hrdlo / Enter Nozzle /

~d/4

With impingement Without impingement
protection protection _ |
& 3
L EZZZIRTR_D ]
TEMA: @ DD
p.v2 — 740 kg/m.s? pre médiu s pritomnostou &astic XXEE
p.v2—2232 kg/m.s? pre médiu bez Castic 8




SLOVENSKA TECHNICKA UNIVERZITA V BRATISLAVE

Rekuperacné VT: Rurkovy vymennik tepla

Kompenzator / Expansion joint /

Kompenzuje rozdielnu tepelnu dilataciu
plast/rurky

™ rarka, 44 Plagt ~23 °C
3 rarka, T1 PIagt ~83°C




SLOVENSKA TECHMICKA UNIVERZITA V ERATISLAVE

Rekuperacné VT: Rurkovy vymennik tepla
Materidlové prevedenie
Kovové materialy
-zelezné

-nezelezné

Nekovové




SLOVENSKA TECHNICKA UNIVERZITA V BRATISLAVE

Rekuperacné VT: Rurkovy vymennik tepla

Znecistenie / Fouling, Fouling resistance /

- Vhodny vymennik tepla

- D6raz na dodrzanie spravnych
prevadzkovych parametrov

- Fouling factor

-Vyber vhodného cistenia/
chemické, mechanické /

Fouling Resistances For Oil Refinery Streams

Crude And Vacuum Unit Gases And Vapors:
Atmospheric Tower Overhead Vapors
Light Naphthas
Vacuum Overhead Vapors

Crude And Vacuum Liquids:

Crude Oil
I




" SLOVENSKA TECHNICKA UNIVERZITA ¥V BRATISLAVE

Rekuperacné VT: Rurkovy vymennik tepla

Znecistenie / Fouling, Fouling factor /




" SLOVENSKA TECHNICKA UNIVERZITA ¥V BRATISLAVE

Rekuperacné VT: Rurkovy vymennik tepla

Znecistenie / Fouling, Fouling factor /




SLOVENSKA TECHNICKA UNIVERZITA V BRATISLAVE

Rekuperacné VT: Vymennik tepla so stieranym povrchom

Vymennik tepla so stieranym povrchom — 4
dobré rieSenie pre teplo citlivé latky ( pomaly Scraped surface
ohrev ) ale aj pre latky lepkavé, husté, s Required heat
pritomnostou ¢astic ¢astice, krystalizujlce transfer Tubular
B=0,6-5m?/m3 system

Plate
Pouzitie v systéme:

(-(1), (1)-(g),

Increasing product

Vyhody: complexity
- Pre extrémne viskdzne latky
- Castice do cca 25 mm, Product

Product

-rozoberatelné, /Cistitelnost/.

Nevyhody:

-vysoka cena, komplikované,

- nizSi max. tlak v stieranej sekcii,
-nizka B,

-vyZaduje motor. i Medium




r n I f
s i F Strojnicka fakulta

Rekuperacéné VT: Vymennik tepla so stieranym povrchom

Heating or Cooling Medium
Product

Shaft
Scraper Blade

Heat Transfer Tube

Insulation

Stainless Steel Cover

@ @

CONCENTRIC ECCENTRIC OVAL TUBES




5401-0001

A = Product outlet

B = Motor
C = Blade
D = Heat transfer surface
E = Rotor

F = Heating/cooling media port (in) (Refrigerant - out)
G = Insulation

H = Heating/cooling media port (out) (Refrigerant in)
J = Rotor lifting device

K = Product inlet



s i F Strojnicka fakulta

Rekuperacné VT: Doskovy vymennik tepla

Medzi doskové vymenniky patri Siroké spektrum
vymennikov tepla ktoré pouzivaju ,,dosku” ako
teplovymennu plochu.

Rozdelenie:
-rozoberatelné ( s tesnenim)

-nerozoberatelné ( bez tesnenia)
Brazed

Tvar dosky: Thatt= PHEMRR. = —20s Pea Semi Welded

- obdlZznikovy tvar

) krUhOvy tvar 1960 1977 1980 1994 2003
V stcasnosti najprogresivnejsie napredujlca g

oblast vyvoja VT.

V sucasnosti /rozsah tlakov a teplot/: gl
p=10 MPa o
T=500 °C Soseg

20|qedwon

350 °C 400°C
(BE2°F) (752°F)

Temperature




SLOVENSKA TECHNICKA UNIVERZITA V BRATISLAVE

Rekuperacné VT: Doskovy vymennik tepla

Patent z roku 1878 ( Nemecko ) Gasketed plate heat exchanger /GPHE/

SK: Rozoberatelny doskovy vymennik tepla
Rozsah tlakov a tepl6t bezne do:

p= 0,4 MPa

: Pouzitie:
T= 160 °C ()-(0, (D-(g), (g)-(1).
B: 250-700 m?/m3 Vyhody:

a: (1)-(1):500-2000 W/m?K je mozné teplovymennu plochu podla poZiadaviek

zvacsit alebo zmensit,

profilovanie dosak vedie i pri malych rychlostiach
k turbulentnému toku,

kratke zdrzné doby,

velmi dobrd moznost Cistenia,

hygienické.

Nevyhody:
obmedzeny rozsah tepl6t a tlakov (dany

materialom tesnenia a tuhostou dosak),
tesnenie (dlhé tesniace plochy).




. SLOVENSKA TECHNICKA UNIVERZITA V BRATI AV

Rekuperacné VT: Doskovy vymennik tepla

Zakladny koncept

_ XL

Hot fluid ——— = I

T— Closure =
plates 5_%\1, é
‘ﬁﬁt exchange plate A7 §§ %

‘.

- «——— Cold fluid

XX K

Gaskets




SLOVENSKA TECHNICKA UNIVERZITA V BRATISLAVE

Rekuperacné VT: Doskovy vymennik tepla

Dosky /Plates /

Serial number Garrier bar slot

Inlet / outlet

Material, gasket and
year of manufacture

Safety

chamber
Distribution area

Heat-transfer

Clip-on
’ surface

application system

PEREEEERRREY e

T T\ A~ o
D &’4 A [ A )

% %% % ooooo
— 000
%% OOOOO Medium 1
==
g% ogogo

ﬁ "g% e = Medium 2

g
g0

(© (d)




SLOVENSKA TECHNICKA UNIVERZITA V BRATISLAVE

Rekuperacné VT: Doskovy vymennik tepla

Ram /Frame/

Inspection cover
Support column

Roller assembly

Movable cover Gasket Plate pack Carrying bar

Stud bolt

Fixed cover

Support foot

Guide bar

Tightening bolt

Bearing box Shroud

Frame foot




SLOVENSKA TECHNICKA UNIVERZITA V BRATISLAVE

Rekuperacné VT: Doskovy vymennik tepla

Pripojenie, vybava / Connection, Insulation Frame /




SLOVENSKA TECHNICKA UNIVERZITA V BRATISLAVE

Rekuperacné VT: Doskovy vymennik tepla

Prvy spajkovany VT
Alfa-Laval v roku 1977

Rozsah tlakov a tepl6t bezne do:
p= 30 bar
T= 200°C/-190 °C

B -250-700 m2/m3

Spajka: Med'

Brazed plate heat exchanger /BHE, BPHE/
SK: Spajkovany vymennik tepla

Pouzitie:
(D-(1). idedlne pre Cisté média

Vyhody:

bez tesnenia — spolahlivost,

nizka cena aj naklady na montdz a zapojenie,
mala zastavanad plocha v porovnani s napr. STHE
(10-20 %)

minimalna udrzba ( self-cleaning effect),

kratke zdrzné doby,

vhodné pre kryogénne aplikacie.

Nevyhody:
nerozoberatelné ( Cistenie len chemicky - CIP )

nevhodné pre média s ¢asticami
max. tlaky cca 30 bar.
v pripade zanesenia — nevycistitelny



SLOVENSKA TECHMNICKA UNIVERZITA V BRATISLAVE

Rekuperacné VT: Doskovy vymennik tepla

Pripojenie /Connection/

External Internal Soldering
threaded threaded

74

ANSI 150, @ 3"

Welding



SLOVENSKA TECHNICKA UNIVERZITA V BRATISLAVE

Rekuperacné VT: Doskovy vymennik tepla

Celonerezovy VT. Vyrazne vylepsenie Fusion-Bonded plate heat exchanger /FBHE,
spéjkovaného VT. FBPHE/

X 5 SK: Celonerezové vymennik tepla
Rozsah tlakov a tepl6t bezne do:

p= 40 bar PouZitie:

T=500°C (1)-(1). idedlne pre ¢isté média
B - 250-700 m2/m3 V}'[hOd][:

pre vysokoteplotné aplikacie,

bez tesnenia, bez spajky — spolahlivost,
minimalna udrzba ( self-cleaning effect),

Alfa — Fusion.
Technoldgia spajania

natavenim L v , ,
odolnost voci tlakovym razom,
) kordzia.
iba Alfa Laval.
Nevyhody:

nerozoberatelné ( Cistenie len chemicky - CIP )
nevhodné pre média s ¢asticami
v pripade zanesenia — nevycistitelny




Rekuperacné VT:

Pripojenie /Connection/

B External Internal Soldering
threaded threaded

ANSI 150, @ 3"

; = —
Welding Vitaulic



SLOVENSKA TECHNICKA UNIVERZITA V BRATISLAVE

Rekuperacné VT: Doskovy vymennik tepla

Zvarany doskovy VT.
Najvacsi konkurent STHE aj v oblastiach
vysokych tepl6t a tlakov.

Shell Plate Heat Exchanger /SPHE/
SK: Oplastovany doskovy vymennik tepla

PouZitie:
Rozsah tlakov a tepl6t bezne do: -, ()-(g).
p= 100 bar
T= 900 °C Vyhody:
- pre vysokoteplotné a vysokotlakové aplikacie,
W kompaktny,

moznost Cistenia.
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SLOVENSKA TECHNICKA UNIVERZITA V BRATISLAVE

Rekuperacné VT: Doskovy vymennik tepla

Najvacsi konkurent STHE aj v oblastiach
vysokych tepl6t a tlakov.

Rozsah tlakov a tepl6t bezne do:
p= 70 bar
T=350°C

Welded Plate Heat Exchanger /WPHE/
SK: Zvarany (Celozvarany ) doskovy vymennik
tepla

Pouzitie:

(-(1), (1)-(g).

Vyhody:

vSetky presnosti doskového vymennika tepla
pre vysokoteplotné a vysokotlakové aplikacie,
kompaktny,

1/6 zastavanej plochy, 1/6 hmotnosti oproti
STHE.

teplovymenna plocha az 320 m2,
jednoduché Cistenie.




SLOVENSKA TECHNICKA UNIVERZITA V BRATISLAVE

Rekuperacné VT: Doskovy vymennik tepla
Princip Cinnosti

Upper head

Heat transfer
plate pack

Panel

Girder

Gasket

Lower head




SLOVENSKA TECHNICKA UNIVERZITA V BRATISLAVE

Rekuperaéné VT: Spirdlovy vymennik tepla

... viac ako 70 rokov na trhu Pousitie:
Rozsah tlakov a tepl6t bezne do: -, (g)-(1)
p=40 bar

T=400°C Vyhody:

-malé znecistenie teplovymennej plochy aj pri
tekutinach nachylnych na vytvaranie nanosov,

Orientacné hodnoty o v systéme: -moznost mechanického &istenia,
(1)-(1): 700-2500 W/m?K - Jiadne ,mftve” miesta
(1)-(g): 900-3500 W/m?*K -vysoké hodnoty sucinitelov prechodu tepla.

Nevyhody:
obmedzeny rozsah teplo6t a tlakov,

narocnejsia vyroba — vyssia cena.




SLOVENSKA TECHNICKA UNIVERZITA V BRATISLAVE

Rekuperaéné VT: Spirdlovy vymennik tepla

Princip ¢innosti

" I S S
'

L L L
o ——— ¥

T T — “ '

'
"f
Y/ /

Y/
“we 3/
*

5** ”

g

e

Multi stage condenser

Spraying system

Cooling
water 4=
outlet

4 Gas inlet

Manhole
spraying
system

Manhole
- spraying
system

Cooling
water wp

\ = Gas outlet
inlet

Inerts

Condensate

Evaporator/re-boiler

Vapour «

Water

4= Hot water

Liquid

e Cross-section decrease
¢ Local velocity increase
¢ Deposits removal




SLOVENSKA TECHNICKA UNIVERZITA V BRATISLAVE

Rekuperaéné VT: Spiralovy vymennik tepla

Prevedenie _ ,
Horizontalne

Vertikalne

Kolénovy
aparat




Fouling minimized, maintenance costs reduced
In its new refinery, a Russian oil company
replaced 12 shell-and-tube heat exchangers

in the visbreaking process with eight Alfa Laval
SHEs. Since there is hardly any fouling, the com-
pany saves 1.6 m Euro per year on maintenance
and production is more stable and profitable.

Alfa Laval

Jednoduché a rychle
Cistenie




SLOVENSKA TECHNICKA UNIVERZITA V BRATISLAVE

Rekuperacné VT: Vzduchovy vymennik tepla

EN: Air cooled HE, Fin Fan HE, ...
Chladiace médium je vidy vzduch vhanany na
rebrované rurky (alebo dierovany blok).

Rozsah tlakov a tepl6t bezne do:
p=beZne 16 bar a viac.. ( rurka)
T=400°C

Pouzitie:
(N-(g) = médium vzdy vzduch

Vyhody:

situacie kde vzduch je najekonomickejsie
chladiace médium,

aj pre vysokeé tlaky,

moznost pouzitia Sirokého rozsahu materialov pre
rebra a rurky.

velké vykony, v desiatkach MW.

Nevyhody:
obmedzenia — max. teplota vzduchu

narocnejsia vyroba,

velka zastavana plocha,

hluk,

nizke sucinitele prechodu tepla.




SLOVENSKA TECHNICKA UNIVERZITA V BRATISLAVE

Rekuperacné VT: Vzduchovy vymennik tepla
Zakladné Casti

finned-tube bundle

heating coll

support structure



. SLOVENSKA TECHMNICKA UNIVERZITA V BRATISLAVE

Rekuperacné VT: Vzduchovy vymennik tepla
Zakladné Casti

bracket

tube sheet

ticha;
ventrdram (fixed side)

cover

inlet  gasket

header
outlet

header

guide bolt
cover plate

side wall

tube sheet

lug (floating side)

finned tubes



Rekuperacné VT: Vzduchovy vymennik tepla

Rebrovana rurka

sapuais

Rurka: bez obmedzenia
Rebro: Al
T=250°C

Rurka: nerez
Rebro: nerez
T=360°C

Rurka: tep. odolny mat.
Rebro: Al
T=400°C

Rurka: bez obmedzenia
Rebro: Al
T=130°C

L0

LULEEEAAN

| v LR /




SLOVENSKA TECHNICKA UNIVERZITA V BRATISLAVE

Rekuperacné VT: Vzduchovy vymennik tepla

Rurkovnica a rozdelovac

Prevedenie rozdelovaca:
-rozoberatelny
-nerozoberatelny ( bez mozZnosti Cistenia rurok )



SLOVENSKA TECHMNICKA UNIVERZITA V BRATISLAVE

Rekuperacné VT: Vymennik s ohrevhym hadom

EN: Heating Coil,

Rozsah tlakov a tepl6t bezne do:
p= 120 bar aviac..( rurka)
T=600°C a viac

B- 10 m2/m3

Orientacné hodnoty o v systéme:

()-(1): 700-2500 W/m?2K
(1)-(g): 900-2500 W/m?3K

PoufZitie:
(1)-(g), (1)-(1), kond.

Vyhody:

jednoducha vyroba,
variabilné a vysoké a.
( otazne je @ na druhe;j
strane)

Nevyhody:
vysSia tlakova strata,

malé hmotnostné toky,
osadené vnutri aparatu.



SLOVENSKA TECHNICKA UNIVERZITA V BRATISLAVE

Rekuperacné VT: Ohrevné plechy ““Platecoil“

EN: Heating Coil, PouZitie:

(1)-(g), (1)-(1), kond.
Rozsah tlakov a tepl6t bezne do:

p= 20 bar a viac..

T=250°C a viac Vyhody:

variabilné
prispOsobi sa podla
potreby

- 50 a viac m?/m3

Nevyhody:
vysSia tlakova strata,

malé hmotnostné toky,




s i F Strojnicka fakulta

Rekuperacné VT: Ohrevné plechy ““Platecoil“

'

|

\
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Rekuperacné VT: Blokové VT - grafitové

EN: Block HE, Pouzitie:

(N-(g), (1)-(1)
extrémne kordzne
prostredie

Rozsah tlakov a tepl6t
bezne do:

p= 6 bar a viac
T=200°C Vyhody:
aplikacie kde sa
neda poutzit iny
material

B- 10 a viac m?2/m3

Nevyhody:
vysoka cena

zvacsa do nizsich
tlakov vyssia






