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Fig. 1. Schematic diagram of a straight pipe with two dif-

ferent cross sections.
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Fig. 2. Wavenumber dependence of the relative tangential

velocity at the interface between upper and lower fluids.
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- {pu coth(khy) 4 py coth(khy) + %Ck[pucothQ(khu) — picoth? (khy)no exp(ike — iwt)}

x { =2k [puUu coth (khy) + pUj coth (khy)] — Ck? [puUucoth? (khy) — pUcoth? (khy)] no exp (ikz — iwt)}Q)wlz

+ (4 {pu coth(khy) + pj coth(khy) + %Ck[pucothQ(khu) — picoth? (khy)]no exp(ikae — iwt)}

x { 9k (pu — p1) — k3 + K2 [puUf coth (khy) + piU2 coth (kh])] — 4Kk2a! [ﬂ coth (khy) + M2 coth (khu)]
Pl Pu

h? h? 1
coth” (khu) _ cot (kh‘)] no exp (iha — iwt) + -k [puUfcoch (khy) — piU2coth? (k:hl)] 1o exp (ikz — iwt) }

1
- ko/2 [
2C Pu
x {a [coth (khu) + coth (kh)] + 4k [pu coth (khu) + g coth (khi)] + Cka! [coth? (khy) — coth? (khy)] 1o exp (ikz — iwt) }
— {a [coth (khy) + coth (khy)] + 4K? [y coth (khy) + u coth (khy)] + Cka’ [coth? (khy) — coth? (khy)] mo exp (ike — iwt) }>

— { = 2k [puUy coth (khy) + piUj coth (khy)] — Ck? [puUucoth? (khy) — piUicoth? (khy)] 1o exp (ikx — iwt) }>

x {a [coth (khu) + coth (khy)] + 4k? [p coth (khu) + pu coth (khy)] + Cka [coth? (khy) — coth® (khy)] no exp (ika — iwt) })wl
1
+ {pu coth(khy) + py coth(khy) + 5gk[pucothQ(khu) — picoth? (khy)no exp(iks — iwt)}

1
+ { pu coth(khy) + py coth(khy) + 5ck[puc<>th2(khu) — picoth? (khy)]no exp(ikz — iwt)}

x { — ko [Uy coth (khy) + Uj coth (khy)] — 4k3 [ Uy coth (khy) + Ui coth (khy)]

— ¢k [choth2 (khy) — Uycoth? (kh1)] mo exp (ikz — iwt) }2

— { =2k [puUy coth (khy) + piUj coth (khy)] — ¢k? [puUucoth? (khu) — piUicoth? (khy)] no exp (ikz — iwt) }

x {a [coth (khu) + coth (k)] + 4k? [pu coth (kh) + g coth (khy)] + Cke! [coth? (khy) — coth? (khy)] no exp (ikz — iwt) }
x { — ko [Uy coth (khy) + Uy coth (khy)] — 4k [ Uy coth (khy) + pUj coth (khy)]

— ¢k?a/ [Uycoth? (khu) — Uycoth? (khy)] no exp (ikz — iwt) }

n { gk (pu — p1) — 7k + K2 [puUf coth (khu) + pU? coth (khl)] —4k2a/ [ﬂ coth (khy) + 2% coth (khu)}
Pl Pu

le 2 [coth2 (khy)  coth? (khy)
— a —

1
} no exp (i — iwt) + - Ck? [puUu?coth? (khy) — piU2coth? (kh])] 1o exp (ikz — iwt) }
Pu Pl

x {a’ [coth (khy)+coth (khy)] + 4k [ coth (khy) + u coth (khy)] +Cka [coth? (khy) — coth? (khy)] 1o exp (ikx — iwt) } = 0. (A2)
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on Kelvin-Helmholtz instability
in straight pipe with different cross-sections’

Fu Meng-Meng

Yang Xi-Chang?

Wang Xiao-Xia ff

(School of Physics, Zhengzhou University, Zhengzhou 450001, China)

( Received 19 June 2021; revised manuscript received 26 January 2022 )

Abstract

We investigate analytically the effect of thermal conduction on the Kelvin-Helmholtz instability (KHI) in a

straight pipe with different cross-sections. The results show that the relative tangential velocity of the interface

between the upper and lower fluid in the pipe first increases and then decreases with the increase of the wave

number. Furthermore, the smaller coefficient of interfacial heat conduction causes the relative tangential

velocity to decrease considerably with the increase of the wave number, which is different from the behavior of

the straight pipeline with the same cross-section. In addition, the heat conduction increases the growth rate of

KHI, which is in accordance with the scenario of straight pipeline with the same cross-section.

Keywords: Kelvin-Helmholtz instability, thermal conduction, coefficient of interfacial heat conduction
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