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Abstract

As a new type of high efficiency and compact heat exchange equipment, plate and shell heat ex-
changer is widely used in oil refining, chemical industry, refrigeration and other fields because of
its high heat exchange efficiency, low pressure, saving floor area, saving engineering and equip-
ment installation costs, saving device operation costs and other advantages. In this paper, a single
channel physical model of herringbone plate is established for a plate and shell heat exchanger.
The flow field, velocity field, pressure field and temperature field caused by the change of corru-
gated height are simulated by numerical simulation software. The influence of corrugation height
on the flow and heat transfer performance of plate and shell heat exchanger was studied. The re-
sults show that: the change of ripple height causes the change of internal fluid flow state. With the
increase of ripple height, the flow state of fluid gradually changes from zigzag flow to cross flow.
The lower the ripple height is, the better the turbulent Kinetic energy is, the better the resistance
performance is, but the heat transfer performance becomes worse. The simulation results show
that the height of corrugation has a great influence on the flow and heat transfer performance of
plate and shell heat exchanger, which is an important direction for the optimization design of plate
and shell heat exchanger.
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Figure 1. Physical model diagram
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Table 1. Sheet structure parameter table

=1 WMAERSHE

P S0E E (mm) WA () WAl FE (mm) i E AR (mm) SFLIE FE (mm)
1.7/2.2/2.713.2/3.7/4.2/4.7 60 7.9 3.4 164
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Figure 2. Mesh generation and detail drawing of physical model
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LGNS BRI A S L, B ARETH DA RS SRR AT R 4R AR R AR TR
IR N E HRsl: ZAUSE JFRFET JI5m, ZIRARTIR R ER, S8R 8Emrtk A5 FE
B P, DRI A YRR B F R T FE . BB T AT RNGk-g BE71[12].

X B AN T s e A
HEAAE T

DOI: 10.12677/mos.2021.102056 556 e RSE TR


https://doi.org/10.12677/mos.2021.102056

g %%

8_p+ 6(pu)+6(pv) . d(pw)
a x| oy | a

Xt 85 uy v w R RDAEEHIRLE X yy 2 =AT5 A EREE &, ms.

=0 @)

BT
a(pu) i _a_p az-xx aT)’X a‘rzx
™ +d|v(puu)_8x+ o + Py + pe +F, )
o(pv) o 0r, 0, 0t
o +div(pvu)=—+ = e — +F, ®)
a(pW) i _a_p asz aryl aTzz
— +d|v(pwu)_az+ & + o + pe +F, 4)
X, p &fEHlE LK, Pa; o AEREESIART EARSTERT), Pas FORFERZESEHNE Er) B
5871, N
RNGKk-¢ Y.
o(pk) 8(pkui)__i ok ~
ot + 6xi - aXJ- Prk:ueff 6XJ- +Gk pE (5)
o(pe) a(pgui)__i oe| C, . &
ot + 6xi - an rg:ueﬁ an + k Gk Cng k (6)

e u N0 J7 A B RE S R p TR G A TP R R S R I Bl BE k AT C
C,~ oy~ o, NEKWH C) =142, C, =168, C,=00845, o, =10, o, =13,

24. WFRFH

KA, NREREN 323 K, HHRENEHN, K%M 101.325 kPa. #hBil ik
BN A, IRIE R W B ONIRE 300 K e R, HARY S E AL . KH
BRI R R AR, SRR, T SMPLE 23, B#uib ks B il K R [13]. ZEi R
FAPWES, EFEREWRBENAKERS, BASEER, HEALWT:

| =0.16(Re,, )’% @

3. IRUERS T RRYASERIFN
3.1 FENTERESAT

PRARLEAR R 8] B3 s 77 SN E 2 TS 3 52 SR [14], AT sh 1 AU 2202 i T A e v i
RSN, SRRSO 3 55— J5 R ah B A4 A O 1 77 LR 18] A LA 3 (R ) o il
A AR TR PG, TR S EHANA N+ S XA T ISR G IN, SR A B 18] AR5
We SR, WP E TR . 18] 3 51E 4 RIRSUREA RIS T xoz SV IR A AR 18 5
WA 2z B QAT LIS Y A S0 R EE IIEN, BOR XHRAAR B D) i J73 K, 3 28 REHT L
I ELREAE S0 B G R FT of EEI BT IR, 5 B R I 4 R P o7 RS T/ IN[15] . st 2y 1.7
mm N, SRR EEARRT AR, AR EE LR A T SR WS, JF AR R A IRIRE G 2
WeBLREN 2.2~3.7 mm I, SARTFHUGIE BN VAR AL 1 528 X, i AR DX sl e X
WURIR AT s AR N 3.7~4.7 mm I, 758 SGIAL & 9 B B A2 K, S Bh BRI, S A E el o

DOI: 10.12677/mos.2021.102056 557 e RSE TR


https://doi.org/10.12677/mos.2021.102056

NV

‘?‘ %

N
é; \-Q;;¢;$
N
\veis

Figure 3. Streamline diagram corresponding to different corrugation heights
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Figure 4. Velocity distribution of different corrugation heights
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Figure 5. Velocity vector diagram of different corrugation heights
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Figure 6. Turbulent kinetic energy at different wave heights

6. NEIRYSERmENRE

Table 2. Numerical table of turbulent kinetic energy of plate (m?/s?)

2. WATHAREBIER (7S

W ﬁ%é(r}]m)\\?lﬁﬂ 2374.03 3956.7164 5539.4029 7122.0895 8704.776
17 V 0.0209 0.0491 0.0876 0.1342 0.1922
2.2 0.0149 0.0365 0.0611 0.0941 0.1224
2.7 0.0116 0.0271 0.0464 0.0699 0.099
3.2 0.0101 0.0212 0.0368 0.0556 0.0773
3.7 0.0079 0.0174 0.0301 0.0455 0.0624
4.2 0.0069 0.0147 0.0259 0.0393 0.0556
4.7 0.0057 0.0124 0.0233 0.0344 0.0486
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Figure 7. Pressure nephogram of different corrugation heights
E 7. FRRSSENENEE
Table 3. Numerical table of plate pressure drop (Pa)
= 3. MR EEKERP)
NP i 2374.03 3956.7164 5539.4029 7122.0895 8704.776
WL (mm)
1.7 24273.45 64593.49 124099.7 199327.09 296023.78
22 15170.36 37925.95 72059.23 108088.92 162133.87
2.7 8779.641 22763.58 41832.11 66645.23 99192.52
3.2 6488.519 15298.78 28982.39 47088.19 69587.68
3.7 4768.08 12112.95 22927.21 37314.81 53666.32
4.2 3788.15 9624.68 18749.94 30376.41 44290.25
4.7 2990.48 8078.63 15802.6 26110.33 39001.53
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Table 4. Numerical table of plate friction coefficient
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Figure 8. Friction coefficient of different corrugation heights
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Figure 9. Temperature distribution of different corrugation heights
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Figure 10. Heat transfer factors of different corrugation heights

B 10. TRIEMSERERET

Table 5. Numerical table of plate heat transfer factor

F® 5. RAERETRESR

N i 2374.03 3956.7164 5539.4029 7122.0895 8704.776
WBGHE (mm)
1.7 0.0252 0.0222 0.0209 0.0198 0.0192
2.2 0.0269 0.0236 0.0221 0.0209 0.0203
2.7 0.0276 0.0241 0.0223 0.0212 0.0206
3.2 0.0295 0.0250 0.0234 0.0224 0.0217
3.7 0.0305 0.0266 0.0250 0.0240 0.0230
4.2 0.0321 0.0280 0.0265 0.0254 0.0244
4.7 0.0331 0.0295 0.0280 0.0270 0.0260
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Figure 11. Nusselt number of different corrugation heights
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Table 6. Numerical table of plate Nusselt number
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2.2 96.553 140.134 183.519 225.728 266.864
2.7 99.729 145.150 188.596 230.493 273.017
3.2 106.729 150.851 197.745 243.163 287.719
3.7 110.416 160.379 210.748 260.251 304.958
4.2 116.001 168.701 223.442 275.501 323.928
4.7 119.938 178.023 236.094 293.010 345.397
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