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Abstract

This paper aims to improve the cooling effect of the photovoltaic system and solve the problem of
THEIRTEHE .
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uneven temperature distribution of photovoltaic panels by analyzing the flow and heat transfer char-
acteristics of nanofluids containing spherical convex structures in dual-tube sudden expansion tubes.
Nanofluids are prepared via rheological experiments, and their thermal conductivity is measured. A
thermal conductivity formula is derived from curve fitting. The Maxwell constitutive equation and
thermal conductivity formula are integrated into a computational fluid dynamics solver using user-
defined functions. Numerical simulations graphically display surface temperature, pipeline velocity,
and temperature distribution, illustrating the impact of each parameter on system performance. Data
analysis reveals that the double-tube anisotropic arrangement boosts heat exchange efficiency and
reduces temperature unevenness on photovoltaic panels. Higher flow rates promote a more uniform
temperature distribution, improving overall system efficiency. Shorter relaxation times enhance the
nanofluid’s adaptability to temperature changes and reduce friction factors.
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Biltn, FARER . Carreau BERY[12] [13]. #RTT, Maxwell S REEEN. N T LN Maxwell ik
RN, A 454 CHE4MFEIE S, A FLUENT HAT RIS H E X $(UDF) K4 % Maxwell A#)
Jifg.

AR BA BRI SR XS HHER Y ECR RGERGHAT T HUE @, T T AR DAL E A E
TRGERE. AR, AT RAR F LI E YKk, et a SRARARX, B
Maxwell A1) 7 F25 SR AKX —#ZiEid UDF 3\ CFD K4S, Bl Maxwell JiAA7EE T8 A 1SN
AL RIS RE, RO GARBI 74 ZDRCR A B 43 4T

2. HEFEE

K1 s 1T RUE IR ER A R E DR R G R s R B o ¥ R HEE AR A P AR TE N 12 L AN ]
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Figure 1. Schematic diagram of a photovoltaic panel model containing dual-tube sudden expansion tubes with a spherical
convex structure: (a) Dual-Tube Uni-Directional (DTUD); (b) Dual-Tube Opposite-Directional (DTOD)
B 1. STROERNEF T SRR RRERTEE: (QNERE; O)RNERE

Figure 2. Mesh generation diagram of the fluid domain
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Table 1. Physical properties of each component of the photovoltaic system [4]
F 1. RRRG R AR R

HeRA M 25 (kg/m?) L H(J/(kgK)) SR B(W/(m-K))
bE] 2200 830 0.76
b NG R 2330 700 148.0
W AR 2330 871 202.4
Table 2. Physical properties of nanofluid materials [14]
< 2. QKRB IR R
MRk % FF (kg/m?) EL A (1/(kg'K)) FMARE(W/(mK)) Hi FE (Pass)
R 1550 1730 0.5986 0.0306
AR 4260 710 8.4
P = (1_(0)1012/' +op,, (D
(pC,), =(1=0)(pC,), +0(rC,) . 2)
ty = (14730412397 ) 1, 3)
Her, p,, M, 73 BIAKR BRI B RIS T L, o ARTUA T TiOx AR EL  w,, NI

HRRITRIE, (pC,), A1(pC,) 4P My IR AR i 75

4% 100 ZF+ 3 )5 I (Xanthan Gum, XG)- —~AAMEK(TiO) P KRMAR LR~ B, FIHBE TR
R FR RS AR B P 5 2 SR IR T VAR AR B2 THO, GKIBURL I BT & o K TiO, ANoK UKL 5 1& & -+ e e A0
RN BOIIR GG, AR BEJG, BT Sraite 3 /NN, iR/ G . K
R BIFGEM, JFE TEAMRIRG &, 2 BBk, BEER 6 K, MELESH BRI
Ko HRIAIE, "E ERPREEIPKIRAI 8. GRGERE, HSREREBAONE IR
TAFEMEF A T SRR, &5, @& EIES IR, 508 ERICKITAR S AR

B o BCE L RIAUORFTRA 205 BB 0 v 3 AT 4,

Figure 3. Configured XG-TiO2 nanofluid
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Figure 4. Nanofluid thermal conductivity fitting image
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Table 3. Evaluation of thermal conductivity formula fitting data
%= 3. ASRAXAEIRTG

iRy R2 % R2 SSE RMSE

4) 0.9991 0.9871 0.000 0.001
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2.3. MRS R R E

AP FUAR ALV ENE T 1) SN BE 9 2 HOIRES o T IS B3k AR HE & — & T AR 2 o AR K IR A4 HE N
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Figure 5. Grid independence verification
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Figure 7. Fluid velocity image inside the pipe: (a) DTUD; (b) DTOD
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Figure 8. Temperature images of the photovoltaic panel surface and the fluid inside the pipe: (a, b) DTUD; (¢, d) DTOD
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Figure 9. Photovoltaic panel surface temperature and system overall efficiency images at different flow rates
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Figure 10. Effect of relaxation time on performance of double-tube side-by-side photovoltaic system: (a) Nusselt number (Nu);
(b) friction factor (f).
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