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Abstract

The heat transfer performance of the linear Fresnel solar concentrator is studied, a heat transfer
model is established under this system and the variation law of the wall temperature and heat loss
of the collector tube with the increase of the convective heat transfer coefficient of the heat trans-
fer medium is studied. The research results show that when the energy flux density radiated to the
surface of the collector tube is constant, as the temperature of the heat transfer medium in the
collector tube increases and the heat transfer coefficient increases, the temperature of the inner
wall of the collector tube gradually decreases and reaches the extreme value. If the method of en-
hancing heat transfer is continued to reduce the heat loss of the system, the effect will gradually
weaken. Aiming at the problem of the non-uniformity of the circumferential energy flow of the
collector tube, an optimization method based on particle swarm optimization is proposed. By
changing the aiming point of the primary mirror in the primary mirror field, the standard devia-
tion of the energy flow distribution on the receiver surface can be minimized, so that the energy
flow distribution in the circumferential direction of the collector tube is more uniform. Through
optimization, when the optical efficiency of the system reaches 79.75%, the energy flow distribu-
tion in the upper half of the heat absorption tube increases from 36.6% to 39.5%. The above re-
search results will provide theoretical support for the optimal design and application of linear
Fresnel solar collectors.
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Figure 1. LFR system structure diagram
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Figure 2. Diagram of bare tube LFR receiver with glass plate at bottom
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Figure 3. Drawing of vacuum collector tube receiver without glass plate at bottom
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Figure 4. Heat transfer model diagram
4. fEHRAREIE

Table 1. Subscript overview of the heat transfer model of Figure 4
F 1 [E 4 BERR R T ARRIR

TR R
1 (EF LTI
2 W HAE PR B
3 W R S B
4 TR A% (CPC) N B
49 PR P
5 TR (CPC) A EE
5¢ AR S BE
6 CPC WRIR)Z
7 CPC SMRIRZ
8 28

P 4 AR 1 R AREEA, At SRR /R AR S I e i sy E, R T
qlzfconv = q23fcond
q23_cond + q34_conv + q34g_conv = q3_SO|AbS + qs_rad

q34g_conv + q4g_rad = q4g5g_c0nd

o))
@
®)

DOI: 10.12677/mo0s.2022.112029 328

Z

m

5 H


https://doi.org/10.12677/mos.2022.112029

TR 5

Uagsg_cond T Us_solans = Yags_conv T Uags rad 4)
Gs_sotabs + Osa_conv + Ua_rag = Gas_cond ®)
Gas_cong = Uss_conv + Uss_rad (€)
Gss_conv + Gss_rea = G7_cond @
067_cond + U7_sotabs = U7s_conv + U78 raa ()
Bt CLER S 1 FA 2k  «
U78_conv T U78_rad T U conv T U5 rad = Tlioss 9)

2.3. BBIERDH

BT RSB, B Matlab 4% BB R HEAT U AL, B EFREARTT LA LFR RSG5 #
PR RS (TP HI R, R N R SR e R, W IR K SR S RE R BN
q=22KW/m? , & BRI EEEWT b THE, FCIR R AR (S B A R BT BT S R A 6 R
w5 fs . MAZEIRTCUE H, Bl A% #5019 A 200°Ciz A0 73 425°CHE, did st RHCR
e TR AT PR B T i 2 PR R B M B A1 o T AR A B B 5 T 250°CIS, el R &g m 1 45% 0, I
P Y BE TR B2 B 2 T LR % 6.5% . 7E BB [RISE 54T, W Vs Bl 2R AR e 35 BE R et 2 8 E T HIR
FERIB G RN 6 Fiom e MAZEIRTDAE H, Bl &0 50 B 200°Ciz A B3 425°CHF, did ik
e 1 Z2 R B AT AV A 2 P 2080 238 O 2 T PRI, A A SR B2 /= T 250°C I, sl REG N 1 45%
I, IR IR 2 BeI > 11%, ARIEAHCSTHRATIR, Ui /ARSI N 17 5%, LR IR HAAE F4
2K i % e ks> 5%

ZELRTIR, SR IAEORSE AL A AL ROR I Dy 17.5%, MR A R IR =T 250°CHY,
PR IL A RV R 5%, HIL—@ R 2T i s TAERAE, 1T R RN Fm AL S 8 AN 2 BARE
Ik LFR WA K

8 +
F 4
7 =1 7425°C .

o 1=350°C o
6 4 4=300°C » ~
sp v 250°C ¢ Wt
|+ £7200°C e

0 5 10 15 20 25 30 35 40 45 50
(AW/hY%

Figure 5. Diagram of the change of (AT, /T,)% with (Ah/h)%
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Figure 6. Diagram of the change of (A¢/¢)% with (Ah/h)%
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Figure 7. Basic operation flow chart of particle swarm optimization
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Table 2. Comparison of aiming schemes of 5 schemes in the sixth generation
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Figure 8. Energy flow distribution diagram of 5 schemes in the 6th generation
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