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Abstract

Evaluating hydrodynamic loss in energy conversion systems precisely is of vital importance in
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improving system energy efficiency. This paper proposed a complete mathematical model which
can be used for analyzing and predicting pressure loss across any topology with regular periodic
features on a quantitative level. Taking staggered arrays of short pin fins as a typical example, de-
tailed process of building up the model is demonstrated, based on which the hydrodynamic loss is
analyzed quantitatively according to the exponent-type empirical equations. Specifically, a nu-
merical approach is proposed employing symmetric and periodic boundary conditions, to collect
fundamental data required for establishing the model. The result indicated that, the absolute val-
ue of the exponents of particular structural or hydrodynamic parameters can be used for charac-
terizing their quantitative influence upon pressure loss. The model is highly adaptable for various
kinds of geometries with similar topology features and amounts of influencing parameters, thus
can be used to predict and analyzing the hydrodynamic loss of the aforementioned structures.

Keywords

Periodic Topology, Hydrodynamic Loss, Quantitative Prediction, Mathematical Model, Numerical
Simulation

Copyright © 2020 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 51§

FET YU ) & RN A AR I I AR AE TRl R UR i e R i, A B sl o 1 Bl iR sl 2k
TOREARHY, B, RGBT PRSI AT R TN, A B TR RFRAIAE. TR
B, RZHORNWAL GG RITESR IS EBAG R 0000 A0 B, 3% Ay g v B 2 A 2R T o0 A T 2l 45
PRIt TAEFERAT . A SCULHL T IudR R AL WS R B A - v 1045 428 A T B b o L R
FEAERESI[1] [2] (310, $H —Fha] B T 52 520 A A T ) S0 0 0 45 I 345 2K ) 5 4 B A

FEAEE W F T2 IR 2SN IR A AL 3, A /N T 4.0 &R ELH/D) [4], HRsh B A F T — %
PIFE RIS [5]. FIE BRI, BT omBE 2 n] LLZRG, sl =4k, Mt ~, FAEREs)
HIT A A2 T AL I o e, BARCRM) =40, (S b semi s 2ns . that, A (A PR (BLFE e i A ]
P S/D FFLFFEREE SyD) IR IR K= AR [6]. Fs b, SEMHLIN A AR R 51 i sh A e A ik g
HIZE R R A BACH mAR LA LR BA 5 AR TR0 BE, DA St I R E W 7701171 4R, 250
BIF FOR N B AR 25 R R B AL FAREPE b, BRI S MBI R R P R 0 o FR IR B Al A A1) —
BB (B VR 2 B S E PN AT R, AR P A 38 iy SR s 4 2 (RA BEL) R G, o Ak B 250 A=t T 52
Wi o R XS i BEL AT 5 B 1R 20 A T S A5

— IR B ARE A7 R B 23k [ 11] [15] [17] [18] [19] [20], ER:

AP
2pU;, N
Hort AP ZBEFEH DRI RS, p TR T L, U A2 R RH Q1A AR 1] 5 2 T R fE, N 2
TSR TESR AR, P REU e ST RER AR, (B A0S APpU A
AR, A FESIEE O (U)RE Uneo 20 BE B ECE I B 2 4859 0.5 [21] [22] [23]. —LEHF 5T
W H Darcy BH 71 RECRACIBE[12] [13] [14] [16] [24] [25] [26], B

f= M

DOI: 10.12677/met.2020.95047 435 IR N EASE N


https://doi.org/10.12677/met.2020.95047
http://creativecommons.org/licenses/by/4.0/

N %

AP D,
T05pU2 L @
Ho, HAH) D, R L 5y B FESIK ) EAFIR A . BRI /B A M@ 7R, (HE T Ex
JEAAE AP AT I DARAE R AR 2% . X AT L7 FE M B RyEME. & 1 4 7 IET# ST TS Bl
NRBAER TR AT LUK, ZH07 AR 2 S B RIS, (5 BRI S ) Re U540 [22]
[26] [27], FEWRE T FAE T 35— 45 £ 454 . Damerow [28]H1 Jacob [29]7 HIFEL L HFEH NN T
W [A1EE S, A0 Rl TA]EE S, RIS, AR HGOE FH AR AR 2 BIBR 1], JiR R 2 s A2 b HYD A 53— 5 Ta) A [a] BE ) 5%
M HERR TS . EERZ, REI 7 PRI 2 2 T IR SRR B, SRtk RIATEZBEILT
77 FE 158 M N AE R

B L 1] 8, AR SO HOE A 7 VE IR AR 58 % I B BEL ) M RE B, T 2 TR AR i R
FEUCEER b, PRI BTA 254 S B0 ) 2 500 W I A B ma R gk A7 e & o i BEETETHET T
1 BA TRSAVE RO 36 Fh IR B4 2 a0 At R T, HL AR S

/o

Table 1. Empirical equations for friction factor of staggered pin fin array
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Damerow [28] f=[2.06(SX/D) ”]Re;” 2<H/D<4
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Figure 1. Staggered short pin fin array
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Table 2. Definitions of structural parameters
2. HEBSHENX
F1E FH2ZE H3)E F4Z S5
H/D 0.5 1.5 2.5 3.5 4.5
S/D 1.0 2.0 3.0 4.0 5.0
S,/D 1.5 2.5 35 4.5 5.5
Re 5000 20,000 35,000 50,000 65,000
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Figure 2. Typical computational domain of staggered pin fin array (H/D = 2.5, S./D = 3.0, §,/D = 3.5)
2. $EHHERNRES BB BIE(H/D = 2.5, S/D = 3.0, S,/D = 3.5)

B AR B T IRAABUA Y ANSYS FLUENT 19.1 B fF v itk 47, 3@ i 3R A & 5 °F 35 1
Naviers-Stokes /7 #%, IRTFFEAEFES ) =4Efids. DIEARSARIE N TAEA T, e kB84 Sutherland
SEME. M ICEM CFD ¥AKI 7 A S M /S A v B, Sl vh Bs i 2 (R B k. 0 B T 9 A
FERUE YHEAKRT 1. Bl 3 B Ao g5 16 0 R g

Figure 3. Examples of local computational grids
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Figure 4. Calculated pressure loss against mesh size (H/D = 2.5, S,/D = 3.0, S,/D = 3.5)
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Figure S. Variation of friction factor with Re number: Comparison between test results and turbulence models
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Figure 6. Effect of structural parameters and Re number on friction factor
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