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Abstract

To enhance the thermal performance of the absorber tube in parabolic trough solar collectors, this

SCEEF| B, BUETTTUREER T NSO o ik i e 2 S S i e o ). @ 45 5, 2025, 14(7): 42-50.
DOI: 10.12677/m0s.2025.147514


https://www.hanspub.org/journal/mos
https://doi.org/10.12677/mos.2025.147514
https://doi.org/10.12677/mos.2025.147514
https://www.hanspub.org/

PREA[ Ly

study numerically investigates the influence of ellipsoidal dimple attack angles on the heat transfer
and flow characteristics of thermal oil (Syltherm-800) under turbulent conditions. Based on the Re-
alizable k-¢ turbulence model and non-uniform heat flux boundary conditions, the variations in flow
field disturbance, temperature distribution, Nusselt number (Nu), friction factor (f), and thermal
performance factor (PEC) were analyzed at different Reynolds numbers (Re = 10,000~50,000). The
results demonstrate that increasing the dimple attack angle significantly enhances fluid heat trans-
fer, with the maximum Nu achieved at a = 90°, showing an improvement of 38.8%~83.5% compared
to the smooth tube, while the solid-domain temperature difference decreases by 18.5~97.7 K, effec-
tively mitigating local hot spots. However, this configuration incurs a higher pressure drop, with f
increasing by 156.4%~89.7%. This study provides a theoretical foundation for the passive heat
transfer enhancement design of absorber tubes in parabolic trough collectors.
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Table 1. Verification of grid independence
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Figure 2. Verification of numerical simulation results in the circular channel
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Figure 3. Velocity cloud diagram of the butane absorption tube at Re = 30000 (x = 5 mm cross-section)
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Figure 4. Turbulent kinetic energy diagrams of the Butanol absorption tube sections at different attack angles when Re = 30000
(at the x =5 mm section)
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Figure 5. shows the temperature distribution of the Butanol absorption tube wall at different attack angles when Re = 30000
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Figure 6. The variations of Nu and f in the butanocytic tubes at different attack angles with Re
E 6. TRIKAMTRE Nu F0 fBE Re BIZE1L

3.3. Ifaxt PEC IR

wE 7 R, B SEE SRR TR AT LUREL, WE T MM g I E ) PEC BE%E Re
MBI K. EAFBUAT, BARTE a=90"K Nu ik, HEHTFHERKRK, SESGEAHAPRERE.
BE— B LTS, o= 60°1 Nu AL EL a =451 0.2%~2.6%, {HHT a=60" A H &L, H PEC
XK. L2 R, a=10"0 BARIEREDN, B Nu BIR(€, S8 PEC IR, 7 a = 30" %M
T, R RN T HAD =AM, AL a=10°FF K T 10.9%~36.5%, 1Ml Nu AHLE a=10°B 8K 4.6%~28.0%,
BRI Y o = 30°I PEC ik 1.43. £E Re = 20000~50000 i}, 5HABBAAEL, o= 30" PEC 73 It «
=45°, a=60"F a=90°HE M T 0.5%~2.7%- 3.0%~4.7%F1 6.4%~11.1%, HETHE, T 8.2%~42.6%.
i LEPTR, BT MYUH o =301, HarimsE S EaCE s e iR R I fE, PR R NIRIE S

= a=10°
15k o a=30°
a=45°
a=60°
a=90°
smooth tube

* o <4 »

10000 20000 30000 40000 50000
Re

Figure 7. Comparison of heat transfer performance under different attack angles
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