Calculation sheet for rating shell and tube heat exchangers

No Symbol | Description Source Value Units

51 Dot diameter passing through the outer Ds-Lpp m
tubes (1) —(21)

52 Dt Diameter passing through center of | Dyy-do m
tubes (51) —(2)

53 Nit Number of tubes Input data table item # 15 or see note on --

Item #53 & Fig. R1

54 Sm Cross flow area at shell center line | See notes on item # 54 & Eq. (2) m?

55 Gs Maximum shell side mass velocity Me/Sp kg/(mZ.s)

56 Res Shell side Reynolds number Gsd, /U -

57 AT, Temperature difference, see note on item #57 & Fig. R2 °C

58 AT, Temperature difference see note on item #58 & Fig. R2 °C

59 ATy cr Log mean temperature difference AT, — AT, °C
for counter flow arrangement m

60 F Temperature correction factor See notes on item #60 -

61 AT,y Mean temperature difference ATy crF °C

62 Ao Heat transfer area based on shell dyLig Nyt m?
side

63 45 Angle intersecting the inside shell 2cos™![1—2B./100] = 2 cos™*[1 — 2(11)/100] deg.
wall with baffle edge See note on ltems 63-67

64 0. Angle intersecting the centers of the 2cos™Y{(Ds/Ds)[1 —2B,/100]} deg.
outmost tubes with baffle edge See note on Items 63-67

65 B0t Angle intersecting the outer surface 2cos™H{(Dy/Dy)[1 — 2(B./100)]} deg.
of the outmost tubes with baffle See note on Items 63-67
edge,

66 Swg Gross window flow area, See note (r/4)(D?)[(0,45/360) — sin (845)/21] m?
on item 63-67

67 Fw Fraction of number of tubes in one (6.:1/360) — sin (0.4) /27 -
window

68 Fc Fraction of tubes in pure cross flow 1—2E, -

69 Sut Area occupied by tubes in the NyF, (t/4) d? m?
window

70 Sw Cross flow area through one baffle Sw . Swt m?
windows

71 Lop Layout geometry length, See note See input data sheet & notes on item 72 m
on item # 72

72 Nitcc Number of effective rows crossed (Ds/Lyp)[1 = 2(B./100)] -
in one cross flow section between
baffle tips

73 Nicw Effective number of rows crossed (0_8/Lpp) [Ds(B,/100) — (Dg — D.¢;) /2] -
in baffle window

74 Nb Number of baffles (Lei/Lpe — 1) i

75 Lol A dimension to express the effect 0 or Lp/2 See the input data sheet m
the tube lane partition

76 Sb Shell to bundle by pass area Lbc[(Ds — Do) + Ny * Ly ] m?

77 Fsob Ratio of Sp to Sm Sy/Sm

78 Lso Clearance between shell and baffle | Data or Ly, = 3.1 + 0.004Dg in mm m
(Dimeteral)

79 Ssh Shell to baffle leakage area D (Ly, /2)[(360 — 0,,)/360] m?

80 Sty Tube to baffle leakage area (n/D[(d, + Lyp)?* — d?]N,(1 —E,) m?

81 Je Segmental baffle window 0.55 + 0.72F, -

correction factor




No Symbol | Description Source Value Units
82 Nm Parameter for finding the leakage (Ssp +Sep)/Sm -
correction factor
83 rs Parameter for finding the leakage Ssu/ (Ssp + Stp) -
correction factor
84 J Heat transfer correction factor due to See Eg. (10) & Fig. R3 -
leakage , see Note on item 85
85 R Pressure drop correction factor due to See Eq. (11) & Fig. R4
leakage, see notes on item # 86
86 I'ss Sealing strips factor Ngs/Nece -
87 Jy Heat transfer correction factor due to shell | Eq. (12) & Fig. R5 -
to bundle by pass See Notes on item 87
88 Rp Pressure drop correction factor due to shell | Eq. (13) & Fig. R6 -
to bundle by pass See notes on item 88
89 Nc Total number of tube rows crossed (Neee + Neew) * (N — 1) -
90 Jr Heat transfer correction factor due adverse | See Eq. (14-16) and Fig. R7 -
temperature gradient in laminar flow
91 L Dimensionless inlet baffle spacing Lpi/Lpc -
92 L Dimensionless outlet baffle spacing Lyo/Lpe -
93 Js Heat transfer correction factor due to Eg. (17) & Fig. R8 -
unequal inlet and outlet baffle spacing See notes on item 93
94 Rs Pressure drop correction factor due to See notes on item 94 -
unequal inlet and outlet baffle spacing
95 ¢r Shell side viscosity effect correction factor | See notes on item 95
96 ji Ideal tube bank heat transfer j factor Eg. (23-24) & Fig. (R9) & table -
R1
97 fi Ideal tube bank f pressure friction factor Eg. (25-26) & Fig. (R9) & table -
R1
98 h; Ideal heat transfer coefficient ji Cps GsPr_2/3 or w/ (m2_ K)
99 Jiot Total heat transfer correction factor JJu) s
100 hs Shell side heat transfer coefficient R jeot W/(m?.K)
101 App; Ideal pressure drop for tube bank in one 4f; Nege (Gsz/zps)qbs—r Pa
baffle compartment
102 Ap, Pressure drop in cross flow between baffle App; * (N, — 1)R,R, Pa
tips
103 Dw Window hydraulic diameter 4S,, m
nd,Ny, + D 6,,/360
104 Gw Window mass flow velocity ms/m kg/(mz_ s)
105 Ap,, Pressure drop in baffle window, see note Eq. (27-30), & Fig. R10 Pa
on item #105
106 Ap, Pressure drop in the two end zones, See 2 Appi(1 + Nicw /Nice)Rp R Pa
note on item #106
107 Aps Shell side pressure drop. See notes on item Ap. + Ap,, + Ap, Pa
# 107
108 h; Tube side heat transfer coefficient Input sheet estimated or W/(m2_ K)
calculated
109 A,/A; | Ratio of shell side to tube side heat d,/d; (no fins) -
transfer areas
110 RwAo Wall thermal resistance doIn (d,/d;) m2K /W
2k,
111 1/U, Overall thermal resistance for the heat 1 Ry + Rdy+ Rﬁﬁ + Ao/ A m2K /W
exchanger hg A; hy
U, Shell side overall heat transfer coefficient W /(m?*.K)
112 Qact Actual heat transfer rate A U, AT,y W
113 Qreq Required heat transfer rate Given or 1isCps|(Ts; — Tso) w




Item # 53

0.78 D
Nig = (Nee)1 = Cl—L%ptl (1a)

C1=0.866 for 6,,=30° or 1 for 6,, = 45° or 90°

Correction if some tubes have to be omitted

Nie = (Nee)1 (1 — ) (1b)
0. = 2cos™?! [D[Zstz 1- iTBg)] (1c)

ben 1S the cut height due tube omission, and related to B; as follows

B: = 1002kt (1d)
S
Which is similar to baffle cut
0 in (0c¢1)
Ve = % B szfrcu (1e)

If tube field on both sides of the shell is cut, then use 2y..

e Correction for multiple tube passes (i.e. Np>1)

Nie = (Nee)1 (1 — ) (1f)

Y can be found from the following figure

Corvection Fact=

Number of Tube P-ucr.N‘P

Fig. R-1 Correction factor v, for estimation of
number of tubes for tube bundles with number of
tube passes Ny, = 2-8. Best range of application
for d, = 16-25 mm.




Item # 54

D¢
Sm = Lpe [Lbb + I 2 (Ltp - do)] (2)
tpeff
Where
Lob= Ds-Doti
Leperr = Lep for 8, = 30° or 90° layout
Lip,err=0.707Ly, for 45° staggered layout
Item # 57 & 58
Thil Parallel Flow T [ Counter Flow
LA Teq
ATy AT ATZI e
/”/—_ 1Teo
l / To Ce
Tl
1 » 2 ) ) 2
Fig. R2a Temperature profile for pure parallel Fig. R2b Temperature profile for counter low
flow arrangement arrangement
Item # 60

F=1 for pure parallel, counter flow HX, and for phase change heat exchangers. F should be around 0.75
to 0.8 or above

Item # 63 though 67

Sector - Triangle - Segment o —

Segment area=Sector area-Triangle area / “

,/100)

D./2 [1-(2B,/100)]

Fig. R2c Baffle window geometry




1/2)Ds(1-2B.;/100
cos (845/2) = CFPL 22100 (32)
045 = 2 cos™ (1 — 2B,/100) (3b)

Similarly one can find expression for 6ci and Gou.

Fig. R2d Basic baffle geometry

x = Dg/2cos(0/2) (4a)
y = Dg/2sin(0/2) (4b)

Triangle area

2[bes] =2 [2eos(2) (9] = Zeos(2)ssn () = ELm0)

Using
sin(2a) = sin(a) cos (@) (6)
Segment area
Swg = Sector area — Triangle area (7)
_ D86 DIt _ _DZ (8as _ sin(Bas)
Swg =T 360 a 251n(9) T (360 21 ) )

The fraction of tubes in the baffle window is the ratio of the segmented area divide by the cross-section area of
the shell i.e.

— gctl _ sin (Bctl)
w360 21

Item# 71

Ly, Layout geometry length:
Lpp=0.866Lp for O;,=30°
Lpp=Ltp for 6;,=90°
Lpp=0.707Lyp for Gp=45°
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Item # 75
L,; =0 or Ly/2. L, can be assumed to be equal to do
Item # 76
Shell to bundle by pass area
According to Shah, Fundamentals of Heat Exchanger Design, Wiley, 2003.
Sp = Lpe[(Ds — Do1) + Nep * Ly | ©)

Where Ny, is the number of tube passes.
Item #84
Ji: Baffle leakage heat transfer coefficient correction factor

J; = 0.44(1 —15) + [(1 — 0.44(1 — 1r5)] * exp (—2.277) (10)
Item #85

Ri: Baffle leakage pressure drop correction factor

R, = exp[(—1.33)(1 + rs)rlfn] (11a)
p =[-0.15(1 + ;) + 0.8] (11b)
Lo
08
0.6
Bl
0.4
0.2
(all leakage:
. , shell-m[hfﬂe)-
i = S T = S22
Fig. R3 Baffle leakage heat transfer correction factor | Fig. R4 Baffle leakage pressure drop correction factor
Jj as a function of r, and rs R as a function of rjn and rs
Item # 87 Jp: Heat transfer correction factor due to bundle bypass
Jb = exp [_Cbthbp(1 - 3\/ zrss)] (12)




With the limits ooooooooooo Penstration
00 :0Q Area

Jp=1 for rss > % and - ..". :% .0

Cor=1.35 for Res < 100 and ; S

Con=1.25 for Res>100

(Nss=1)

Fap = So/Sm

Fstp = Sb/5m
Fig. R5 Heat transfer correction factor J, due to shell- | Fig. R6 Pressure drop correction factor Ry, due to
bundle by pass shell-bundle by pass
Item # 88
Ry: pressure drop correction factor due to bundle by pass
Ry = exp[_cprsbp(1 - 3\/ 27 )] (13)

With the limit
Ro=1latrs> "

And

Cop=4.5 if Rs< 100 and
Cpp=3.7 if Ry > 100

Item # 90

Jr: heat transfer correction factor for adverse temperature gradient in laminar flow

For Res <20

10)0.18 (14)

Jr=Up)r = (_

N¢




Where N is the total number of tube rows crossed i.e.

Ne = (Niee + Neew)(Np + 1) (15)
For 20 < Res <100
20—-Res
Jr = Une + (3552) Uy = 1) (16)
With the limits
Jr =1 for Reg > 100
J- =)y for Res < 100;], = 0.4
1.2
Lo
J, 08
0.6
0.4
10 2 4
Total Number of Tube Rows crossech
Fig. R7 Heat transfer correction factor J; for laminar flow (Res < 100)
Item # 93 Js: Heat transfer correction factor for unequal inlet/outlet baffle spacing
(Np—D+(L}) T+ @)
J, = WomDH(L) +o (17)

Where
n= 0.6 for turbulent flow

n=1/3 for laminar flow

L; = Lp;i/Lp¢

Ly = Lyo/Lpc

Item # 94

(Np—1)+L;+L;,

1
‘ A
=
X : L
0.7 | m
!
0.6 | = Recommended -

1.0 e p———

0.9 1.5

081

0.5 L T SR N N |

N

Fig. R8 Js correction factor

Rs: shell side pressure drop correction factor for unequal inlet/outlet baffle spacing

- ()

- 2_
n + (ﬂ) n
Lpi

(18)




Where

n=1 for laminar flow
n=0.2 for turbulent flow
with the following limits

o For Lyc=Lpo=Lp Rs=2
e For Lyo=Lui=2Ls. Rs=1 for laminar flow, and Rs=0.57 for turbulent flow.
e Fortypical U tube HX Lyi=Lyc and Loo=2Lyc; Rs=1.5 for laminar flow, and Rs=1.3 for turbulent flow.

Item # 95

¢35 is a correction factor that accounts for viscosity variation between the average (bulk) and wall value.

1-For liquids
0.14
¢! = (£ (19)
2-For gas being cooled
¢s = 1.0 (20)
3-For gas being heated
Tsgpg+273 1925
¢ = (i) @

A first estimate for the wall temperature Ty, can be assumed as the average temperature of the fluids in the shell
and in the tubes. If an estimate for the shell side and tube heat transfer coefficient are known then

T. T, avg
Ty =T e 22
w t,avg + 1+h¢/hg ( )

Item #96 &97 ldeal heat transfer and friction coefficients

a
. 1.33
Ji=a (Ltp—mo) (Res)™? (23)
— as
= Tro1s RS% (24)
1.33 b b
j— . 2
fi=b (255) RE 24)
h=—2 (26)

= B
1+0.14 R,



Table R1 Constants for f; and ji expressions for deal flow over bank of tubes

Layout Res aq a, as ay bl bz b3 b4_
Angle
30° 10° —10* | 0.321 -0.388 1.450 0.519 0.372 -0.123 7.000 0.500
10* —10% | 0.321 -0.388 0.486 -0.152
10% —10% | 0.593 -0.477 4.570 -0.476
102 —-10 | 1.360 -0.657 45.100 -0.973
<10 1.40 -0.667 48.000 -1.000
45° 10° —10* | 0.370 -0.396 1.930 0.500 0.303 -0.126 6.59 0.520
10* —10% | 0.370 -0.396 0.333 -0.136
10% —10% | 0.730 -0.500 3.500 -0.476
102 —-10 | 1.300 -0.656 26.200 -0.913
<10 1.550 -0.667 32.000 -1.000
90° 10° —10* | 0.370 -0.395 1.187 0.370 0.391 -0.148 6.30 0.378
10* —10% | 0.107 -0.266 0.0815 0.022
10% — 10% | 0.408 -0.460 6.0900 -0.602
102 —10 | 0.900 -0.631 32.100 -0.963
<10 0.970 -0.667 35.000 -1.000
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Fig. 9c Ideal tube bank ji and f; factors for 90° layout
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Item # 105 Pressure drop
For Res> 100

(Gw)?
AR, = Ny |2 + 0.6Ni) 32 | Ry
Gy =Tt
W [SmSw

For Res <100

_ 26 Gy s Neew ﬂ %
APW B Nb { Ps [(Ltp_do> + Dy, + [ZPS]]}Rl

45,
D, =
Ttdo Ny +1Dg (6 45/360)

Niw = NeeEy
Item # 106
AP, = 2 AP,;(1 + Ntcw/Ntcc)RbRs

(27)

(28)

(29)

(30)

(31)

(32)

Number 2 in the right hand side of the above equation is according to Shah, Fundamentals of Heat Exchanger

Design, 2003, John Wiley.
Item # 107
AP, = AP, + AP,, + AP,

(33)

I ) T L

Pressure drop in cross flow
between baffle tips AP,

Pressure drop in window AP,

Pressure drop at the two ends AP,

Fig. R10 Shell side pressure drop
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