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Symmetric boundary ~ Constant wall temperature
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Note: L,, L, are the main area length and width respectively, mm; f,, 5, are
corrugation angles of upper and lower plates respectively, °; 4, s are corrugation
height and corrugation pitch, mm; u;, is the inlet velocity, m/s; p,, is the outlet
pressure, Pa.

A1 R
Fig.1 Physical model

1.2 HFRE

HRAE VR B A e S R B e s i, PRI R R

1 TARRA AT S 46 F i, ARz a7 s
R I

2) Rt A, B SOETE DY 5 A AR T IS
JRRIAZ s

3) BEMUNTCTERS AT AR, WG R 5 2 5]k
2T+ A7

RIS P 780 T A2 LA < AR R,
FELEME T B

A S e T FE
or  or O _ (82_T+82_T+62_T)
ox Oy 0z \ox o> 07
W TN, K o WY BARE, m’/
in”ﬁ?ﬁixxﬂ%*ﬁz—ﬂ%Hﬁﬁ&ﬁﬁ%?‘sﬂiﬁ@mﬂ, FE
ST Tz A R N T i BhAE kT FRAVRE LR & TR
SHARUERIUITIE ke BERIAHEL, RNG k- TR ARIE23) 1]
DUBE U M A BT IR B, TR A R S I . X T
RNG k-¢ BAUE TUn R ekidt: 1) BIE Timsh g, 757
BImsh i 5 /e T el RaRin i sh G il 2) 1E ¢ ke
T —T R, IR sh 5 A A AL iR AT T 5 R,
AREE TR 3) HETIHRIER, BTLUELF b
W PR, s . O SCERRIE RNG k-¢
*%i@ﬁﬁﬁﬁﬁﬁ#h%gaﬁﬁﬁ*““‘ 22261, A SOk
KH RNG k-¢ A5 BB ADL VR G AR 236 P28 A 1) 52 2% (R 31
Kt 72
RNG k-¢ %—:ﬂ‘” k J7FERD ¢ JRREAUNR

ok
(Qkﬂeffa ) +Gi+Gy—

ps—YM+SK

(3

0
™ (pku) (a)

0 0 0 de
E(p£)+a—xi(P8Mi):a j( slleffa )+Clr (G +C5.Gy) -

2

CZep?_Rs"'Ss
(5
X G, G, ﬁ%ﬂ%ﬁﬂ?ﬁ?ﬁi_f#ﬁ%fﬁﬁﬁﬁﬁﬁﬁﬁimﬁﬁ
IR Yy, AERY BB CL Gy Cy &
ooy Al o k TFERT ¢ T RE )Y Prandtl 4 S, A SL.
N " k?
RN EE XS H o ey =+, /1,=pC#;, R, =
CHP773(1_77/770)8_2, o
1+ k -
£=0.012.
1.3 BFEH
W 1 A, KRR E T
OIS u=u,, v=0, w=0, T=T,=348.15K;

n=Skle, n, =4.38,

ou ov ow oT
. —=0, —=0, —=0, —=0
th Bl g ox T Ox T Ox T Ox ’
DP=Pxs
FREER: w=0, v=0, w=0, T, =T4u=293.15K;

ou v ow oT

=0 =0 =0,

TR, =0, — - -~
TR, JEH RNG ke Tty , 53 Bk i ek 4505,



144 flk TR (http:/www.tcsae.org)

2024 4

KM SIMPLE 53347 s ) 5k FE IR 5, #4217 72
S O R B XA 5, i ‘E:ﬁ%zl:‘l’]?l‘ﬁxﬂ)%%d\

107, HesHl kN 107,
2 FRABIGIE

RS REE R 2, GRS Y
THARPIAS, W 2a Fios. i IR JE R PEIRE, 2B
T%R—fﬂ:m?,mm, WIS EL 250 T3 RESTEREA ] SEE,
TRE IR U RIS B S 3 I S 30 B 5 S0k [25] — 2
RET P34 %5 38 R ¥UNu = qd, /A(T,,—Ty), Hr, g JBETH
POEE, Wmk 4 NUEERZ, mm; A AR,
W/(m'K); T, T 70 BN BET FIRAR T 220 2 . an & 2b
N ﬁﬁﬂ‘]m‘—ﬁifﬁﬁ [25] g5 Rt T Xt th, WEAE
B, MR 7B A a7 1% .

a. 19

a. Grid mesh
1200 o sy ¥
Result of reference [25] P
— BLEER o
100 - Numerical result p vk
[
L4
=
= s /
- >"};,
60 -

500 1000 1500 2000 2500 3000 3500
Re

b. HEBYEAIE
b. Model validation

VE: Re AW NuARSETHBERE, FH.
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same below.
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Fig.2  Grid mesh generation and model validation
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Fig.3 Velocity distribution in the flow channel of heat exchanger
under different Re
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Fig.4 Temperature distribution in the flow channel of heat
exchanger under different Re
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Fig.5 Variation of AP and Nu with Re number for M- and H-type
plate heat exchanger under different corrugation angles
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Fig.8 Variation of AP and A with Re number for M- and H-type
plate heat exchanger under different corrugation pitches
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Fig.9 Velocity distribution in the flow channel of heat exchanger
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Fig.10 Temperature distribution in the flow channel of heat
exchanger under different corrugation heights
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Fig.11 Variation of AP and Nu with Re number for M- and H-

type plate heat exchanger under different corrugation heights
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Effect of plate structure of mixed-plate heat exchanger on contact
distribution and flow heat transfer performance

YANG Yanxia, MA Qingchan, WANG Wei
(Department of Thermal Energy, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: Plate heat exchangers have been widely used as heat transfer equipment in solar heat utilization and waste heat
recovery systems. There are also high heat exchange efficiency, compact structure, strong adaptability, low operating cost, easy
disassembly and repair, as well as long service life. Among them, the mixed-plate heat exchanger can be adapted to fully meet
the requirements of heat load and pressure drop under different conditions, particularly in many fields, such as heating
ventilation air conditioning (HVAC), solar heat utilization, food processing and agricultural drying. The heat transfer
performance of mixed-plate heat exchangers can also dominate the efficiency and stability of the system. However, there is a
complicated flow path between the plates of the mixed-plate heat exchanger. It is necessary to investigate the flow and heat
transfer mechanism in the flow channel, in order to improve the heat transfer efficiency. In this study, the three-dimensional
models of M-type (30°-60°) and H-type (50°- 60°) mixed-plate heat exchangers were established using RNG k-¢ turbulence
model. A numerical simulation was performed on the flow and heat transfer process in the flow channel. Meanwhile, the
velocity and temperature fields were first plotted to evaluate the pressure drop AP and the average Nusselt number Nu.
Subsequently, a systematic investigation was carried out to explore the effect of plate structure on contact distribution between
plates, and the effect of Reynolds number Re and plate pattern combination on flow and heat transfer. The results showed that
the contacts between plates were distributed in "square" and "diamond" in M- and H-type mixed-plate heat exchangers,
respectively. The fluid flew cross-over in the transverse channel, and there was the wake vortex area with the lower velocity at
the tail of contacts. There was a stronger fluid disturbance in the H-type heat exchanger, a less wake vortex area, and a more
uniform temperature distribution, compared with the M-type one. The pressure dropped AP, whereas, the average Nusselt
number Nu both increased, with the increase in Re. At the same time, Nu in the H-type heat exchanger increased outstandingly,
while AP increased little when Re was low (Re<4000). Once Re was high, the increment in AP was greater than that in Nu.
Furthermore, the increment in Nu of H-type was only about 25% of that in AP at Re=6 000, compared with M-type one.
Therefore, the heat transfer performance was improved at the cost of a large pressure drop. The number of contacts between
plates, and the fluid velocity increased outstandingly with the decrease of corrugation pitch s, while the temperature distribution
was more uniform. Additionally, the pressure dropped AP, as the Nu increased. The heat transfer performance was improved
significantly when the corrugation pitch was too small. However, there was a large pressure drop, especially for the H-type
plate heat exchanger. Consequently, it was appropriate to set s=12~16mm. The fluid velocity increased with the increase of
corrugation height h, indicating a more uniform temperature field. The increase in /4 greatly contributed to the longitudinal
distance between contacts increasing and the fluid channel between plates expanding, thus enhancing the fluid mixing for the
high heat transfer between plates. In addition, the pressure drop decreased, while the heat transfer coefficient Nu increased. The
increment of Nu decreased in the high Re, but AP decreased outstandingly. Therefore, the increasing corrugation height can be
expected to achieve higher heat transfer performance at a smaller pressure drop, particularly for the H-type plate heat
exchanger. These findings can provide theoretical guidance for the design and optimization of mixed-plate heat exchangers.
Keywords: fluid flow; heat transfer; contact distribution; mixed-plate heat exchanger; numerical simulation
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