
Shell & Tube 
Heat Exchangers 

Inhoduction to Heat Transfer 

1 Xntroduction t;o Heat Transfer Mechisms 
m Conduction, Convection, and Radiation 
m Overall Heat Transfer CaefZ3tien.t 
m Log M a n  Temperature DiTference 

m Example Prol#ems - Tube Side Pressure Drop 



Heat Transfer Basics 

Three Forms of Heat Transfer 

Conduction 
m Convection 
m Radiation 

Condrcc;tiion Heat Transfer 

Heat transfer within a material. 
Fourier's equation governs. 

Q is arnount of heat transferred 
A is the area for heat Iransfer 
k is the thermal conductivity 
T is the tem;peratwe 
x is the distance in direction of heat flow 





Heat flux is calculated as fol'lows: 

Heat transfer between solids a d  iiquidslvapors 

where h is a function of physical properties and 
geometry 



Sin& Phase Convection Heat Transfer 
Tubeside heat transfer coefficient 
Use Dittus-Boelter Equation: 

collect variables: 

Correct for Outside Surface Area: 

Single Phase Convection Heat Transfer 
(con&nrced) 

SMlside Coefficient 
Equationr from Kern: 

Collect Variables: 

The fast term (viscosity correction) is maliy 
small, and we will &gore i.t 



and Convection Coefficients I 

Combined Conduction and Convection 
(cupt$inaed) 

7 TI substitute as shown 

4 h2 fi' for k, (canvention) 

I There may be a few solid layers present {tube, 2 fouling layers). 



Combined Conductiion and Convection 
(cantaj.tued) 

The overaff resistance is the sum of the individual 
resistances. 

Combined Conduction: and Convectiun 
(continrted) 

Round G e o m m  

Tube waH is curved; outside area is daerent from 
inside area: tubewall resistance is calmfated as: 

or if you include fouling resistances 



Temperatare Difference 

Temperature Dvference 
(corzh'izued) 

In practice, pure countercurrent flow situations @$ten 
do not exist- 
For example: Most exchangers have more than one 
t.Ub-gass- 

hot, 

What is the EFFECTIVE TEiMPERATURIE difference 
in the exchanger? 



Correction Factors 
E Shell - 1 Shell Pass 

r Tabeside AP is easy to calculate, 
Calcuilatiorxs similar to pipe Row caldattions. 



Hydraulics 
(coatin ued) 

Need ttr know what area to use. 
Use flow area between tubes at cenkr of shell: 

$trtbes=D J p  

000000 jk 
sheu 

bandxe- tube -tube 
aleif ckamnix 
clearance =P=D : 

P EXGROQO8 
l.%200UnE-19 

m Xibr small bundles or accurate calculation, allow fur 
bwldle-shelf clearance. 

AP, = fsD,fN, + l ) p v 2  

2De 

W,= Vcrlunletrie Bow rate 



Hydraalics in General 

AP varies with flow rate, 'iength, and diameter scales: 

Length Scafe (L) is length measurd in direction of Bow {tube length, 
o;r shell diameter). 
Diameter Scale is a length measured perpendicukr to flow (tube U) 
or equivalent diameter), 
This ge~eml  form is valid for bath shell and tabside. 
For hishht turbulent flow, f does not change much with increase of 

Quick Estimations 

Xf e-g exchaager bas tube AP = 70 kPa, and revamp 
needs ex- 10% flaw: 

= 70 W a  (1.1)z = 70 (1.21) = 85 kPa 

A heat exchanger design has 2 tube passes, APm& = 15 kPa 

.'. Someone proposes chazging to 4 tube passes 



Quick Estim&*ons 

Retube existing exchanger from 1" OD 16 BFVG (0.065" wall) tubes to 
2" OD 14 BWG (O.O$3" wdl) tubes (same Bow rate) 

Old Tube ID is = 2" - 2 (0.065") = 0.870" 
, Hew Tube ID is = 1" - 2 (0.083") = 0.834" 

Therefore, ibis retubing t v B  increase the pressure drop by 24%. 

Xn&oduch'on to Shell 
and Tahe Exchangers 

m Design Requirements M Baffle Types 
E J%MA Nornencfature 
i Selection of TEMA 

E Materialsof 
Tube Pass Geometry Construction 

m Minimizing Leakage Protective Coatings 
r Design Temperature 

B Pass Partitions and Pressure 





Shell and TIlbe Heat Exchangers 

BIW CW =OPB,mWG TUBE SHE- WeB?dAWGfR 

- FkaAWt W D  COWER 
-S&lD % O A W  SJaSASj WACER R S W  

What are the key paramekrs that are used tc~ develop a 
design for a heat exchanger? 

r Fluid Streamkc; 
- Flowrate 
- ThermophHcaX prapertks 

of f led 
- Temperature 
- Pressure 
- Pressure drop Iinritatiom 
- Phase 

(Iiquidlvapor/~re) 

8 FIrcid Streams (cent) 
- BoiSicendensing 
- Fo&g potential 
- Corrosion potential 

r Geometric Concerns 
- Space constraints 
- Weight constraints 
- Mimufacturinglimits 

Design Requirmelzts 

IWZOMME.zB 







TEMA - Tubular 

Heat Exchanger 
Nomenclature - Rear 

Selection of Exchanger Type 

1) Feed preheater 
Low pressure 
Tubeside - Steam 
Shebide - Light naphtha 



Selection of Exchanger Type 
(co rztivt ued) 

1) Feed pseheater 
Low pressure 
Tubeside - Steam 
Sheflside - Light naphtha 

BEU 

Selection of Exchanger Type 
(copttirzaed) 

2) Feed prefieatef 
Low pressare 
Tubeside - Coker fractionator bottoms 
Shellside - Light cokes naphtha 





,Selection of Exchanger Type 
(contintced) 

3) Xylene CQ~URXI reboilier 
Low pressure 
Tubeside - Steam 
Shellside - Mxed aromatics 

AorB,EorHor JorX,ti  
AorB,K,Torfi' probably BHRT 

Tube Pass Geometry and Pass Partitions 

Separation offlaids in each pas must be maintained since ieabge 
won16 short circuit &e exchanger, 
The tern c c P a s s ' M  in exchangers is not the same as the term pass is 
used in fued heaters The number of passes in an exchanger is &he 
number of times one Buid passes throqh the other fluids 
comgaftment. 



Tube Pass Geometry and Pass Pafions 
(contintled) 

- - - - -  
Out5 * h e  

Shells& Flow Dist~btZon 

B FIuid Bows through the shell in five paths 
- A Skream - T h r ~ ~ g h  gap between, tube and baffle 
- B Stream - Between tubes across the bundle 
- C Stream - Through gap between bundle and shell 
- E Stream - Through gap between baMe .and sheiX 

- F Stream - Through pass partition lane 





Flow Patterns 







Design Tepnperuture and Pressure 

a Dictated by worst case conditions for hot and cold 

B Worst case conditions of both temperature and 
prwure. This may not be the highest temperature, 
but a combination of high temperature and higher 

r Minimum design xnetai temperagure (MlNWI") is also 
required. High pressure at low temperatures may 
result in failure of brittle materials. Lowest ambient 
or auto-refrigeratitn temperatures nomafly us&. 

Protection of Low Pressure Side 

r What happens to low pressure side if a tube 

r API 521 is reference standard. 
1 10/X3 Rule used for ASME Code Designs. 
r Relief vdve option. 



Special Types of Heat Exchangers 

r Tfi;ernrosipfion Reboilers 
Kettle Reboilers 

= vertical Combined Feed Exchangers 
m Hairpin Heat Exchangers 
s Special Tubing and Tube Inserts 
m Welded Plate Heat Exchangers 

Special Exchaltger Types 
RehoSers 

What b the best way to bid coimn bottoms? Depends: 

Temperahire sexlsitivily 
- U w  an issue in c)zemi&phannaceuticaIs produdion 

r AliowabIe pressare drop/operaEing pressure of c e l h n  
a Liquid and vapor properties 
m Size considerations 

- Number of rebo'iers on co3mm 
- Liquid-vapor he-sizing 

8 WhaS; sort of c~~~ bottom arrangement is required? 







Vertical Thermosiphon 

s Characteristics 
- fasualfy more expensive than equivalent duty 
I horizoatd themusiphon 
- Tube lengths usually 16 feet maximum 
- Diameter larger, two larger tubesheets 3 $$S; 

- Usually more fianges than BEU s $$$ 

- TEMA type is nsudy NEW or N) 
- Uses very little pIoi space 



Stab-In Reboilers 

ompiek front-head 

Stab-Xn Reboiler 
and CoXumn 







m If you cannot change the process pressure or heating 
medium temperature, then change tube surface 

8 Speciq1y treated tube surfaces mn improve boiling heat 
transfer by 300% 

D Roughen tube surface on boiling side 
m This improves bubble formation rate which improves 

Typical Pool Boiling Carve 





Rot End BeIkrws Welded Plate 
Heat Exchangers 

Fluid Changing Phase 

Wing HmEt Transfer Told Condensers 

r Type. of Boiling rt Pdiaf Condensers 

m Pool Boiling m Operational 
r Flow Boiling Considerations 

m mow Regimes 
m Comiensa&on 



Boiling Heat Transfer 

Need .to understand boiiing: 

m Design, Revamp, Troubleshooting of 
- ReKiers 
- Vaporizers 
- 2-phase combined feed-effluent exchangers 

(Platfornriw, hco2, hydrotreatem, etc.) 

Types of Boiling 

m POOL b o a g  
- Agitation mused ONLY by bubbles and natural 

convection 
- Fluid velocity slow or negligible (e.g. kettle reboiler) 

m ELOVVb%ng 
- Agitation is muse$ by flow of Ruid 
- FMd velocity large (vertical thennosiphon, CFE, VCm) 



Flow Regimes 
(contiPtued) 

For vertical upflow ody 



f;low Regimes 
(cunti~zued) 

;y is weight fraction of vapor 
Xt, is the ' W a ~ n e l l i  Parameter" 

Condewation 

I Boiling fluid is agitated by bubble movement 
- Gives very large film coefficients (>> 700-1000 Wfm2./°C) 

(>> 600-860 k~dVhr/ f lC)  (>> 2300-3400 BtwlrrIftZIF) 
m There is no such mechanism to aid condensation 
r Condensers reXy on 

- Turbubnce induced by flow 
- Diffusion <important for partid condensers) 

Two separate types 
- Total Condensers 
- Partial Condensers 



Total Condensers 

~enkrally have higher coefficients, no diffusion invdved: 

FiIm coeEcient consists of: 
1 - bulk vapor - Iiquid layer resistance 
2 - liqtsid layer resistance 

Fdm condensing coefficient consists ofi 
X - vapor: - squid layer t h e d  resistance 
2 - tiquid layer & e n d  resistance 
3 - gas-film t h e d  and diffwicln resistances EXDRDO.CB 

nvxmmEm 







Temperature Cross 

If hot ouEEet T c wgd outlet T called 'ctemperature 

W E R A l W R E  CROSSOC'EB- 

0 0.2 0.4 0.6 0.8 S 

W y  Fraclarn 

Temperature Cross 
(corztinaed) 

8 If the cross (T cold ontlet) - (T hot ou11et) is GREATER 5- 
10% Th, then more titan one exchanger is required. 

8 Guideline: if F < 0.8 consider more exchangers. 
r Generafly Thoat > k t  * F 2 0.8 

8 Calculate F. Is one exchanger enough? 
r Xf more than one exchanger, what is overall F, and how is it 

calculated? 



Mzltiple Shells in Series 
(e.g. Hydrotreater Combined Feed Effluent Exchanger) 

0 02 0.4 0.6 0 s  1 

x marks inlet and outlet temperatures of each exchanger. 
Note: Mies not neeessafilp eqaal 

Multiple Shells in Series 
(coniirzued) 

mtymk.-r> 

This needs 6 exchangers in series. For intermediate 
temperatures shown, are all exchangers $he same size? 



r Diameter 
- Tubes range from 114" $0 2'' OD generatly. 
- Refinery exchangers use: 5/8", 3/4", 1 ", 1-3/4" 

- General: smaaEler T) better heat transfer but higher 
aP and harder to clean 

= Wall Thickness 
- Commonly Jraqes f m  0.065" to 0.109'' (1.65 mm to 

- FCC Flue Gas Coolers (fuetube) often w s  
1.75" OD x 03" &Xi (44.45 tnm 02) x 5.1 mm thick) 

Tabes 
(coiz&nnted) 

m BW% (Birmingham Wire Gage) is a hrt>ewaN t h i bess  
standard 

r HIGHER B W  THINNER tubewall 
r Wall thickaess as MXNXMM or AVERAGE 
e For exarnp1e: For an FCC Flue Gas Cooler: 1.75" 02) 02" 

min. walx thick. 



r Tube length varies with suppliers 
M T E P  suggests, 8,1U, 12,16,20 foot tubes are 

m 16 foot (4.9 m) mil 20 foot (6.1 m) are probably the 
most common 

s VCI;%'s use 30,45,52,60,65,70 ft t u b  
r A U-tube exchanger uses m y  different tube Iengths 







D Design is m e  than just dcu1ations 
- judgment and aderstanding 
- RexibiJity 
- Experience 
- Understandiag of user's wwantsfneeds 
- Came~t ANID frrture operation 
- Foaling factor requirements 
- AilowabIe&' 
- Ranges of normal operation 
- M h m  weight arrd size limitation (cranes, e k ]  
- Preferred geometries 

* WMAtype - Tube length, diameter, wall thickness 
Plot-space Iimi&tioas 

1 n f o ; m ~ o n  Required to Design 
a Heat Exchanger 

m Process SpMxcation 
- A1I temperahres and presmres 
- AP allowable for both streams 
- Dew points, bubble points 
- Heating/cwing curves 
- Phlysieat properties 
- Required fouling factors 

m Limit Oversizing 





Vibration 

m Fluid flow in heat exchangers can cause tubes to 

r This phenomenon is highly cornplex to the point 
that it is difficult go predict the potentid for 
vibration. Damge to tubes can occur for certain 
sheU side ffow conditions relative to baffle 
configumi.tion and unsupported tube spans. 

r Met-cat f&kre of tubs m y  result from flow 
induced vibration. X)ma;ge can. result from any 
combination of the following conditio~ls: 1 

- CoWondanxage 
- Bafnedamage 
- Tubesheet damping effect 
- Acoustic Gbmti~n 

Vibration 
(contiptuedf 



Vibration 
(con~nued) 

r Failure Regions 
- Vibration am occur in nearly any region of the 

, f heat exchanger 
- Locations with highly fiexiuible spans or high shell 

side velocities are of primary concern for failure 

Failures and Troublshooting 

m Sample Problem 

Troubleshooting Problems 

I P D . M E - I ? M  



Failures and Troubleshooting 

r THE KEY TO EXCHANGER PERFORMANCE 
MONITORING 
- TTrS.KE MANY MEASUREMENTS 
- WATCHTRENDS 
- THINK ABOUT WHAT YOU SEE 

r Who hais pmel Wtmments accurate to 1 % ? 
Who wants to d5 sin@e-gauge surveys every week? 

Failures and Troubleshootiag 
(corztirzrared) 

The $ t ,000,000 answer is: 
1) When m y  (large or expensive) exchanger is  new: 

- Do single-gauge pressure and temperature sukvey 
- Persenally supervise sampi'i of process streaaa(s) 
- Do best psibfe job of energy and material balance 
- Perfom detailed rating of exchanger 
- Keep records on file 



Failures and Tmlcbleshooting 
(continued) 

2) Track &' and hot or cold end approach 
temperatures of exchanger on DCS trending, or 
grqph paper if you have h. 
- Wark major changes in flow rate, feed temperatures, 

or feedstock on graph. Adjust measurements for 

- Any gradaal trends not exp1ained by chmges above 
mean that sometking is steadily getting worse. 

- l[f &he came is not clear, get new single-gauge survey, 
double check resufts. 

FaiIures and Troubleshoo~~~g 
(copztinrced) 

- A downward trend in hot apprweh indicates 
fouling progression 

- An upward trend in A P  - fouling 
- Drastic changes in approach temperatures or 

pressures can indicate leaks or blockages 



Failures and Troubleshooting 
fco~tinued) 

PARALLEL EXCHANGEW 
I For exchangers in parallel, use the above procedure but 

also watch trends in rthe differences 
8 Example -- watch trends in: 

Holi end approach (A) - Hot end approach (El), 

or ~ m s f A )  - ~h.out(JB) 

m If differences change at dl ,  one exchanger has a problem 
- Boa  exchangers shodd foul at the same rate 

- Performance of bogh exchangers should chaee equally 
utrder all cirmmtances 

Failures and Troubleshootiag 
(continued) 

S-RY 
r If exchangers are regularjy monitored in this way 

- You will not get many unpleasant surprises 
I 

- You will have infomation for foilow-up 
investigations 



Sample Problem 

~eactbr  ad ~ ~ ~ l u e n t  Coolers 
CaIculate the design and operating U values from reaE plant 
and d&;m data: 
Design 

Sample Problem 
(coatE*nued) 



Sample Problem 
(c0filtiPtued) 

U is % of diesign value even &ow@ shelj and &be Rows are higher than 
design! The proMem is severe fou2urcrh. 

Cleaning 

m Chemical or Mechanical Methods depend on service 
Chemical Methods 
- Circulate hot wash 0% or iight distillate at high 

velocity - removes sludge 
- Circulate hot fresh wafer - removes saXts 
- Circufate cfiemiml compounds - removes almost 

anything (caw& for organics, acids for scazes) 
r Mechanical Metbds 

- High pressare water jet - many deposits 
- Scrapers, rotating wire brushes - hard scale, coke 
- Sliding BwsheslBaEXs {on-tine) 



t Precautions 
- Verify chemicals effectivenesdinhibition prior to 

, f cleaning 
- Monitor cleaning carefully 
- CktmicaVmechanid methods may dso remove 

exchanger metal 

Air Cooled 
Heat Exchangers 



Why Use Air-Cooled Exchangers? 

High process temperatures in water-cooled exchangers 

- Overheating of cooling water at tube wall - mineraf scaling 
- High differential temperatures - mechanical problems 

AIR COOLING 
Utility piping and system 

i Cool air is free 

1 Small plot space 
1 Chemical treatment requlred 

S '  of Cooling Range 
With Water Cooking 

This; arrangement 
I Decreases cooXing water usage 
;. Prevents excessive fouling on tube side of water-coo#& 



Heat Transfer 

Bask equation based on ;Finned area: 

Where: hpmY = tube-side film cd6ciear 
ha, = air-side film coefficient 

/ r, = vP;rlX and fin mew resistance 
rdi = inside fouling resistance 
r,, = outside E~uEi;ag resistance 
Ar = ftnnedarea 
Ab = bare tube a m  
h,- = between tOO Cgasnow AP inkxed phm) and 500 Oiquid 

or mixed-phase or condensation).. 
kk = 6 - 10 BW(h.ftz 'I?) 

Heat Transfer 
(continued) 

Why low air-side film coefficient;? 

- Air Properties 
- Low them1 conductivity 
- Low density 

- Fan~Si&g 
- Limits in pressure drop (air velocity) 

r Air-side resistance vsuaHy larger than process-side 

r Therefore: finned area: bare tube area 3 28-20:l 







Air-Side Design 
(cuntirzued) 

a Projected bundle area = (width * height) 
= 12ft*30ft=360ft2 

m Totaf area of fan-circle = (bundle %rea x 0.40) 
= 36.0 ft2 " 0.40 
= X44 ft"I.mjnirnzrm) 

i Area per fan = 72 ft2 (rnin) + 2 fans assumed 

r Fan. &meter = 

Air-Side Design 
('cuntirzuedj) 

m Fan Power 
Depends on 
- Reqnired air-flow, air densiky 
- Air-side pressure drop 
- Fan e=cieney (55 - 70%) 

Where: fan power - horsepower 
ACFM - actual ft3/min of air 
AP&, - in inches of water 
q - fan efficiency 55 - 70% 
6387 - conversion factor 



m Pressme drop calculations - same as for piping, 
shell and tube exchangers 

Typical Arrangement 
m Header Types 

Standards 
a Materiab of Corntraction 
i Finned Tubing Types 
E Fan Arrangements 
= F'zms 
m Driver Types 



Typical Arrangement 

Stppmup Cub% 

Header Types 

Removabfe coves 

- Easy access to tubes and tubesheet{emy inspection and repair) 
1 Disadvaabges 

- Gasket requirements 
- fMtxbnical design of long flanges is difficult for high pressure and 

ternperahre (>3M psig aad >350°F) 
- Header and tubesheet &I one piece (repairs difficult) . EXWW-rn I?@XWHE-IW 



Removable bonnet 

fiCmrw&2c &Wac 

- G o d  cieaning of header and tubesheet 
- Beader only or tubesheer only can be repiwed 

a Disadvantages 
- Removal of piping necessary far tubesheet inspection 
- Gasket requirements 

Plug headers 

e Advantages 
- Easy cleaning of tubes (brush, hydrobktsthg) 

- Good for high presswe design (ap to 3000 psi) 
- Good for hydrogen service 

Diidvmtages 
- headers have to be chemicdly dean& (water, stesun, ii&t 

U(Oi(w82 



Header Types 
(corttip2tced) 

a #I Hydrotreater products condenser - ? 
- H2 service 
- High pressure - 850 psig 

r #2 EfoWms cooks - ? 
- Low presswe - 160 psig 
- Low temperature - 330°F 

Header Types 
(co&uecz) 

r #I Hydrotreater products condenser - Plug 
- I& service 
- High pressure - 850 psig 

3 #2 Bottom cooler - Removable cover or bonnet 
- Low pressure - 160 psig 

- Low temperature - 330°F 



t For large temperature differences > 2fM°F, one muit deal with 
differential exyansioa! of top and bottom tubes 

- Fi pass at 325*F, second pass at l%,k5F, Carbon Steel, 30 
ft coId length (360 inches at 7U°F) cx is about 6.3~10-1 infOF-1 

, &r carbon steel (is the thenmi expansion coefficient) 

m A H  6 1  Air-Cooted Esehangers For General 
Refmerg Service 

Noise Measurement 

m XSO 13706 Petroleum and Natural Gas Industries 
-- Air-Cooled Heat Exchangers 



Tubes and Headers (Set by Process Conditions) 
- Carbonsteet 
- Killed carbon steei (Hz, wet H2S service) 
- Chrome MoIy &eels 
- Staidessteel 

1 Fins 
- A t d u r n  

Phulzs, Fan Rings and Supports 
- Stmctuml carbon she1 (ofkn galvanized) 

Materials of Construction 

Finned Tubing Types 

r Process temperature constrictions are dependent 
- Finmaterial 
- Fin construction - them& contact offia to tube 

m Probtems 
- Separation of fin and tube 

- Thermalexpansion 
- Poor heat transfer 





Finned Tubing Types 
(continued) 

Footed (l-foot) {< 350°F process temp) 

- Footed fms are tension 
wrapped around tube 

- Each fin brrtts up against 
t k  adjac-eat fia to cover 
the complete tube 

- Shields tube against 
a&ms&eri.e co.rm40~ 

Finned Tubing Types 
(congnued) 

Tension wrapped {&S05F precess temp) 

- Fin i s  tension wounded 
around tube. 





Fan Arrangements and Types 

m Forced Bra& - air is forced or pushed across tubes. Fm 
is placed begow the bundle. 

Fan Arrangements and Types 
(cortltrtltnued) 

m Induced Draft - air is pulled across tubes. Fan is 









Effect of Geometry 
(continued) 

m What is the effective temperature difference? 

t2 is average air outlet temperatures, calculated as 

n Where: Q is the drxty M W ,  kca lh  or Btdw3 
M7* is the mass Bow rate of air [k&r or ib/hr] 
CWi, k heat capacity sf air [j/{kgOC), 

Effect of Geometry 
(eon$in ued) 

m Effective overall temperature driving force depends on: 
- Lopmem temperature difference PI, LMTD) 

- Cross f b w  correction factor, F: 
m F (calculated for a range of inlet and outlet temperatures) is 

readily available from charts 
n C ~ p I o a F v s . R d P  



Cbrrectiun Factors 
for LMTD Air Crossflow 

Correction Futcrrs 
for LMTL) Air Crossflow 



Effect of Geometry 
(continued) 

8 Example, one tube pass: 

Process idet = 250°F outlet = 120°F 

Airinlet = 80'F outlet = 150°F 

P = 0.43 F = 0.85 

hTh = 65°F AT, = 55°F 

i.e. f 5 % loss of effectiveness 

Compensating for F- Factor Losses 

Consider the following two-pas arrangement 

Process fluid in lower pass "sees" cooler air 
Hotter process fluid sees hotter air 

R temperature differences are Lcevened" out 

8 MULTI-PASS gives better efficiency 







Header Arrangements 
(continrced) 

Any number of bundles 

- Even distribution of single-phase 
- Uneven distribution of two-phase Bow 
- No piping symmetry 

Header Arrangements 
( c u ~ ~ ~ u e d )  

even bundles count 

- Better distribution of 2-phase than D-type 
- Symmetry around m a i ~  header only 

- Slightly higher pressure drop than I)-type but less 



Header Arrangements 
(colztzlztznued) 

2,4,8,X6 bundles, 2" 

- Best possibie distributi~n of 2-phase mixture 

- Slymmetry at every level 
- Highest pressure drop of the three (additionaf 'elbows 

Header Arrangements 
( c o ~ ~ n u e d )  

I GELPXRAL RULE 
- Single-phase - use D-type 
- Twe-phase- 
- low allowable AP - use E-type 
- large aflowable AP - use C-type 



condenser? 
- Large allowable AP - Vapor-phase only in 
- Two-phase in header 
- Water injection 

m #4 Isomar products 
u #2 Compswor condenser? 

intercooler? - Small allowable AJ? 
- Single phase only - Two-phase in header 

Header Arrangements 
(cuatiPtaed) 

B #1 Hydrotreater product m #3 Column overheads 
condenser - C-type condenser - D-typ 
- Large zdfowable AP - Vapor-phase only in 
- Two-phase in header 
- Water injection r #4 Isontar products 

r #2 Compressor eondenser - E-type 
intercooler - D-Qpe - SmN allowable AP 
- Single phase only - Two-phase in header 



I Design Data Requirements 

a Design Catcutatiom 

I Problems of Overdesign 

m Temperature Control 

Design Procedures 

Design Data Requirements 

Required data for hot fluid 
- Physical properties at idet and outlet 
- Specific heat 
- viscosity 
- Thermal conductivity 

- Heat load (duty) 
- Row rate (reduced flow, turndown operations) 
- Inlet and outlet temperakures 



, Design Data Requirements 
(corzti~ued) 

m Required data .for air 
- Ambient temperature 
- Dry bulb temperature that is exceeded less than 

, f 5 % of the summer months 
Plant data 

* Nfeteorokogical survey 
- To use the maximum recorded temperature 

wolld produce uneconomieallp large air coofern. 
- Acceptable to add a few degrees to ambient 

temperature account for heat given off by 
sumoun&ng equipment 

Design Data Reqclirements 
(eorztiptued) 

= Design standards (vary by refiiery) 
- Tube lengths 
- Generally 30 ft (9.15 meters Iong) 
- Longer tubes cheaper insbaed cost per ft2 

- Fouling Factors 
- Air side fouting factor 
- Tube side fo&ng factor (negQiMe compared to 

fiEm coefficienb for most services). 



Problems of Overdesign 

= Low tube-side velocity (laminar Bow) produces 
high h h g  rates 

r Cooling Equids close to pow-point (high viscosity) 
resuf ts in excessive LIP 

r Excessively low APPm causes a mldistribution 
of process *id 

Process Temperatare Control 

m Conkof leqe1-aWre is accomplished by 
- Vary-ing the air flow (VW ATmrr) 

r Louvers 
- ControMed manually 
- Controtled automatically 
- Disadvaz&qge: 
- Snow, ice or comosioa affects operation of 

r Process Side Bypass 



Process Temperature Control 
(contin uedf 

Auto-Variable Pitch Fans 
- Blade pitch adjusted to vary air flow rate as 

ambient air temperature increases 

- Saves etectricity when at low pitch 
r Disadvantage 

- Higher maintenance on mechanical parts 

Process Temperature Control 
(contit.zued) 

Two Speed ~Wotars 
- Motor can be run at fast and slow speed as 

- Saves electridty when at low speed 

m Disadvantage 
- Limited to two air flaw rates per fan 



Process Temperature Control 
(continzled) 

Variable Speed Motors 
- Fan speed reduced when less air is required 

- Reduces power consumption 

I Disadvmtage 
- Variable speed drives are expensive 

Process Temperature Control 
(contiuzued) 

Internal Recirculation 

a Winterized Mode 
- The top exhaust louvers automticaXXy controlled 

by a tempemkure controller on process fluid ohtlet 
- As fluid temperature rises, the louvers open, more 

hot air out, more cdd air in 

Non-winterized Mode 
- Louvers are compfetely opened both fans operate 

in standard mode 



Process Temperature Control 
(corzttzttyt ued) 

Internal Recirculation (cont.1 

i - Cheaper than fuII external recirculation 
- Requires less plot area 

Disadvantage 
- Caautot provide complete freeze protection 

- Air intake not controlled 
- Subject to uneven air mixing 

- High wind velocities affect air intakefoatlet 

Process Temperature Control 
(cton;tintled) 

Exteml Recircatation 
r Winterized! Mode 

- Top exhaust louvers controlled by process fluid 
temperature 

- Provides control of air temperature into bundle 
- When the inlet air louver closes, the bypass louver opens 
- TXC measures air temperature at fan, and adjusts louvers 

m Non-winterized Modle 
- Side manual louvers are opened 
- Exhaust Eouvers are adjusted 



Process Temperature Control 
feu pttilzued) 

External RecircuIation (cont.1 

- Maximum winterization protection 
- Control of the inlet air temperature 
- Requires liMe attention 
- Reduces fan power {automatically controlfed variable- 

= Disadvankage 
- High cost (more controls, structural s%eeI, imvers) 
- Requires field assembly 
- More moving parts 

r Scheduled preventive nzaiatenaxlce and inspeetion - 
semi-anndly 
- To provide lrouble free operation 

1 Fans and Motors 
d Check fans for vibration regalarly 
?I Check and replace worn or cmcXced belts 
4 Inspect fan, blades for deflection 
d Check for cracks near habs 
.d Grease dl bearings 
4 Change oil in gear drives 





Revamp Calculations 

m Process flow rate is changed (inlet temperatures same) 

U, &,, change 
I OB JECTXW: Find new temperatures and duty 

- Calculate Void = Qoid/fA- hTwm.oid) 

- Calculate tube and fm resistance 
- Calculate hprocess {existing) 
- (alternativeiy, get E i  coefficient from data sheet) 
- Calculate ha,, using scaleup formula: 

Revamp Cakulations 
(Icolztinued) 

m Calculate Urn by recombining tube and fin resistance3 and hmw 
m EWmate new process outlet temperatme 
m Air flow rate is same (same fan) 

Calculate new air outlet temperature 

Ak.new = (&irsut,o~d ld' hiid * (%c?ifffQold) 

r Calculate new 9 P, AT& AT,, 
Cahnrlate A, = QedWofwb.TEOm~ 
if A, # A, adjust process outlet temperature, r e p t  procedure. 



Revamp Calculations 
(cuntEp2ued) 

m EXAMPLE: An existing cooler has 50 000 ft' area 
- Air inlet is 82OF 
- Air outkt is 135OF 
- Process inlet is 15U°F 
- Process outlet is 1 tO°F 
- Air cooler is 6 layer, two-pass 
- Duty is 3 _WIIM Btufhr 

Calculate existing U value 

Revamp CalcilkEations 
(coyttinued) 

- - 
A ATCO, 50000 x 17.7 

U old = 3.39 Btd(h~ft2"F) 

Process flow rate is increased by 30% 
Existing process side film coeffcient {lip=) is 168 
Btul(hrftz°F> from the data sheet- 

= 168 (1 .~ )~~  = 183.3 Bazf(hr.ft2 OF) 



Revamp Calculations 
(contitzued) 

r U,,, = 3.5 Btu/(hr-flz-OF) 
(0.005 for metal resistance, 7 for hak) 

D Guess Tproeesspe~~ = 1 X2aF 
New duty and air outkt temperature 

Tproc.in - Tproc.out,old 

= 3 (150-112) / (150-110) 1.1 = 3.135 MM Btumr 
&,onLm, = 82 + (135 - 82) 3.135 / 3 = 137.4OF 
a R = 0.69, Pdl.81, Fd.85 
a AT1,= 20.1, AT,,. = 17.1 
3 Amqoh.C4 = (3.135 x 106) 1 (3.5 * 17.1) = 52 400 ftz. 

UOP Process Design Parameters 

s Pressure Drop 
s Approach Temperature 

Temperaare to Storage 
Selection of Sides 
Temperature Cross 



Shell & Tube 
Pressure Drop 

r Normal - 5 psi on shell side & 10 psi on tube side 
m Shells in series - Extra 5 psi for each extra shell 
r Ho15zdntal Reboilers - Estimated 0.35 psi for bundle only 
m Ver t id  Reboilers - Function of tube length 
i Combined Feed Exchangers - 7 - 15 psi total for both sides 
i Vacuum Condensers - 1 - 1.5 psi 
I High Viscosity Ruids (>20 cp) - EvaIwte it using HTRI 

lW.20@4%-1!?t 

t 

Air Cooler 
Pressure Drop 

r N o r d  - 5 psi 
Vacuum Condensers - 3 psi 

r High Viscosity Fluids (>ZO cP) - Evaluate it using HTRX 
r Grater  than 5 cP @ inlet or 100 cP @ outlet -consider 

using tempered water instead 







Requires Muf.tiple Shells for Multiple Tube Pass 
Exchangers 

r Increases Pressure Drop 
r Zncreaw Exchanger Capita1 Cost 
8 Often Done to Save Utilities 

Not Required in Hairpin or Plate Exchangers 

IPPZGWUE-791 



Training Services 

Heat Exchanger 
Appendices 

m Freezing all~ld Ovesmhg 

m Problems Caused by Overcooling 
I 

r Methods of Winterizing 





Problems Caused by Overcooling 

FREEZING may occur at tube wall 
- Results in constriction of flow 

=4 Limits flow of hot fluid to blocked tubes 
==. Freezing is intensified 
- Tube-side pressure drop increases flow 

ddistribution 

Calcula~ons 

m C&culation of innexlube wail temperature 
Tw = Tb - r {Tb - tb) 

m r: Over& them1 resistance including inside aad 
outside surface areas of the finned tube 
{dime~onfess) 

Dependent on tube and fin geometry, process conditions 
r Tw: Xnner tube wall temperature 
m Tb: Bulk temperature of tube-side fluid 
w &: BuIkternperature of air 
a for: l'"OOX), O.Zf'wwal) thickness CS W e  

2-114" t r i a n e r  pitch 
10 fins per inch, 0.525" high, 0.015" thick 
r = 0.774 



CaZculutiuvts 

- Suppose the pour point of a gas oil is 60°F 
- Recommended wall temperature ' = pour point + safety margin 

15-2S°F depending on process fluid (APX 
standi~d), Tw = + 25' = 8S°F 

- for &is case, Tw = 180 - 0.774 (180 - 20) 
(require 8S°F fur safe operagon) 

m Therefore - WINTERIZE THIS EXCHANGER 

Methods of Winterizing 

API 661 Appendix G - Winterization af Air- 
Cooled H a t  Exchangers 

m Control overcooXing by LlNHTIlVG AIR-FLOW 
- WINl'ER airflow < S-R akflow 

- Contain and controf air flow when process fluid 
is in danger of being oven;ooM 

- f)imtly after shutdown, NO FLOW, FANS OFF 
- D&g start-up, FLOW SMALL, FANS ON 



Methods of Winterizing 
(continaed) 

I Steam Coifs 
- HEAT air entering tube bundle 
- Alternative: Prevent overcooling by 

increasing air inlet temperature 
- Condensate can freeze 

Air cisdated 

r Manual fan - at process inlet end 
- Brings cold air into enclosure 

a Auto-variable fan at process outlet end - pulls hot air DOYW 
through bundle 
- Manual fan mixes some hot air with cold air 



Methods of Winterizing 
(continued) 

R External air recirculation 

Air recirculated 
oalside main 
enclosure 

Methods of Winterizing 
(continnted) 

R Uses auto-variable fans at Xuw pitch 
- Sides fitted with manual louvers 
- Top fit$& with automatidly controiled 

Xouvers 
- Recirculation chamber 

m Over both sides of unit 
- Pro~ides a duct for kllixing cold air with hot 

(reeirculated) air 
- Floor included - prevent cold air leaks 




