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Practical examples

The Inlet of H2's Cross Flow, Staggered Tube Heat Exchanger
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Cross Sectional View of the H2 Cooler
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Single Tube Control Volume
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Figure 10 - Equivalent Resistance Circuit Analogy
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Flow
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Figure 11 - Staggered Tube Free Body Diagram

Page 4 of 11



SNS COLLEGE OF TECHNOLOGY, cOIMBATORE-35

DEPARTMENT OF MECHANICAL ENGINEERING
16ME306/ Heat and Mass Transfer — UNIT Il - CONVECTION
Topic - Flow over Bank of tubes

Fluid in cross flow

Ig\/} over tube bank

Internal flow of fluid
through tube

Figure 7.10 Schematic of a tube bank in cross flow.
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Tube Bank Geometry
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Figure 7.11 Tube arrangements in a bank. (a) Aligned. (b) Staggered.
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Tube Bank Calculations
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Heat Transfer Correlations for Tube Banks

Zukauskas

\1/4
;036 Pr (Eq. 7.58)

(7.64 in 6™ Ed.)
Pr

5

Nup = CRe”

DD max

— Properties evaluated at arithmetic mean of inlet & outlet temp
- (C and m from Table 7.5 (Table 7.7 in 6™ Ed.)

— If number of tubes (longitudinal NL) is < 20 use Table 7.6
(7.8 in 6 Ed.)
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Table 7.5 Constants of Equation 7.56 for the tube hank

m cross flow [15]
P e T e P B e e T P e T T e B

Configuration Rep i C m
Aligned [0-10° (.50 (.40
Staggered 10-10° 0.90 0.40
Aligned 10°-10° Approximate as a single
Staggered 10107 (isolated) cylinder
Aligned 102 % 10 (.27 (.63
(54487 > 0.7)

Staggered 102 x 10 0.35(5,/5,)"® 0.60
(S/5; < 2)

Staggered 1002 X 10 (.40 (.60
(8,18, >2)

Aligned 2 102 X 10° 0.021 0.84
Staggered 25 10°-2 X 10° 0.022 0.84

TFor S48, < 07, heat transfer 15 inefficient and aligned tubes should not be nsed.

Table 7.6 Carrection factor Cs of Equation 7.57
for Ny, < 20 (Rep... = 108 [13]

i

Ny I 2 3 4 5 7 11 13 11

Aligned 0,70 R0 086 080 (.92 (0,95 0.97 IRNS 0.94
Staggered  0.64 nye 084 .89 092 0.935 097 (R 099
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Other Correlations for Tube Banks

Gremuson (Equation and Table exist only in 6th edition)

Nup=LI3C Re" Pt [y 760

1), max

= Properties evaluated at Ty,
% €, and m determined from Table 7.5 in 6th Ecifion

2 1f mumber of tubes (Jongifudinal N, is < 10 use Table 7.6 (6th Ed)
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TapLe 7.5  Constants of Equations 7.50 and 7.52 for airflow over a
tihe bank of 10 or more rows [ 19]

S
1.25 1.5 2.0 3.0
N y FI Oy i [ m iy i
Adigned
1.25 0,348 0502 0.275 .08 100 0,704 00533 0752
[ .54 367 (380 0.2540 0.620 101 0702 00578 .744
2410 0418 05740 (.20 0.&02 (.220 0.6a32 0.195 (.648
300 0,290 ENTE) 0357 0584 0.374 0581 0286 0.608
Staggered
600 — — —_ — — — 0213 0.656
19090 - - - [ 446 0571 0401 0.581
10040 et — 0407 0.5538 —— — — —
1.125 — — — - L TH (1,565 0518 1,564
1.250 0518 556 0.505 0.554 0519 0556 0.522 0.562
1.504) 0451 0368 040640 0.562 452 0.5303 04588 0,363
2 MK} 1h.ch0kd 0572 0416 0.568 0,482 .5506 0449 0570
3K 310 0502 N.35a 0.580 440 0.5602 0425 0.574

Tan O Coreeelion I';;u'!erl' lf:.‘: ol Hi]ll:_—qliun T a0 Tor '1".]'.. = 10 Ezﬁj

M, 1 2 3 4 i 7 B o

LA

Aldigned .64 (1L 087 0L} Q.92 (ER-E 0,24 Q.98 099
Staggered s 075 LH3 0L HS 0.92 .95 097 008 099
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