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Fig.1 Solar parabolic trough collector
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Fig.2 Propagating path of incident lights
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Table 1 Main parameters of Beijing Yanqing solar parabolic
trough collector
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Fig.3 Diagram of solar flux distribution
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to different diameters
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Fig.5 Solar flux distribution diagram of metal tube moved

down at different distances
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Fig.6 Determining process of the position of the metal tube

TERE S REACERY, TR — I EBOLA
WA NGRS 5 % BT 1 RO A @,
PA— R ) PP o 5 DR S ST T AR AR AR
TR I FUR R B GHE I FO6ER 5 % BT 1] 2k
i), B IERIREAURBHRE SR AR A0 DR 22 A S
BEETT IR e, A 0.4 0 Ry

0
@1:7+¢s (1>

A0 RBHYEHER
RJETHR I ST HAST DR 2 — IR
e e S EIT AR A ., TR Y

022X [ 90+tan”| _T;L | } (2)

b/ — Bt R ) A FR R, W ok
R TR

W — R B S A 5 % BT R Y

Jefh o B AR
P=@ 1+, (3)
WSO e, % E— kBl A ab

HCR R R B S R T I AR, Rk
H T AR FHREAE PR AT I BB s 4
JRE NITR, R AGRE SN RE FJ7
i, RIATAs 204 Jm A 1) B E e
y,,,:.r'7“+L+yb (4)
sing  2tan ¢

iﬁ:tij ;é}%%tbﬂéﬂﬁﬂﬂ(o ,ym> 5Tm ﬂgé&\}% W%iié



R B,E HERXKMEALEEMRE RO R R F R

125y, IR BRI G DA
RIERBIERANENSE. YEREHRN
0.04 m, Bl ,=0.02 m, THEAG HH & J@ 45 8O 67 B R
(0,1.6958), F%% 0.014 2 m,
23 ZRERB AR
T RERS [RSNGB A b IR R AR
SCBETH T — R R A ) — R eRE, LA 7,

f:?ﬁ(%%ﬁ't%%

(g i)

) NS
e (xl,}ﬂ)
i S - EJRE
it gn 4 ag’
SREER
IRIEAL L «

bR

(%t Ya) =

B7 ZREAFDEUTTEE

Fig.7 Schematic diagram of secondary concentrating design
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Fig.8 Two—dimensional view of vacuum absorber tube with

secondary concentrator
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Table 2 Parameters of the new vacuum absorber tube

B B8
B WHE B HAR/m 0.125
A I 4B B AR /m 0.040

-33.



T RERETR

2024,42(1)

gk2
g $fH
RS RO AR /m 1.710
SR E RO AR /m 1.696
YIS ORI R % 95
TRBCER 1% 95
SREWIWEI% 96

3 HMBEZRAEEXERFEEERET

BRSO RO
fiE, AN SCFI FH 20 i 56 0E A6 15 G r XA AR 1Y) At
Tk, LT RGBS WIS B B A =K
KB REAE AR 2 O Y | A A (R n 5]
10 Fi7R

(ma )

PR

d:”‘{%_\})_{%_% J’LE%E}T_{ZI
-— 7—Yj'__
B DT 10

e L L

/’).- -\-H-"‘--\. Y
< REEHE

1

N
_* N Y
N

H |

—— EnHseRE

,-;—:Hﬁ&;ﬁﬂt:-:y—.
TR
iy
_— A — N
=PRI

5ot
FUIRIOLE

GEH L & R
ST 45 A ATECAE
TSI REAL R A1

( we )

B 10 #FEREXKBEEASZEZHERREE
Fig.10 Simulation flow chart of new parabolic

trough collector

BRrELE N E RAE L7 A 2 — O

.34 -

i R POER AT I, ASE IR
AR NCRAGIE A S 1 Al R FHABSE SR 1Y
ICLAGRE B AR FEA — 2, InIEl 11 R BARECE
RSB,

SWEOLH

&%
HOL2
AT
fi ek
B 11 ZTXBAB[RHEHALFTEITEREE

Fig.11 Calculation of the path of the new light after reflection

A

by the secondary concentrator
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Fig.12 Calculation diagram to determine whether the light
arriving at the secondary concentrator will spill out of the

plane due to the angle of incidence of the light
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Fig.13 Comparison diagram of solar flux distribution between

traditional and new structureflux distribution
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Table 3 Comparison of the optical performance between

conventional and new vacuum absorber tube
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Design method and optical performance research of a new vacuum
absorber tube of parabolic trough collector

Yu Qiang', Shan Wenxi', Li Zihao', Lei Dongqiang®
( 1.College of Information and Electrical Engineering, China Agricultural University, Beijing 100083, China;
2.Institute of Electrical Engineering, Chinese Academy of Sciences, Beijing 100190, China)

Abstract; This study addresses challenges associated with conventional parabolic trough solar
power systems, including limited operating temperature and excessive thermal stress caused by
uneven energy flux density distribution on the vacuum absorber tube’s surface. Rather than altering
the parabolic trough collector’s structure, we introduce an innovative vacuum absorber tube design.
This design involves reducing the diameter of the inner metal tube, shifting it downward, and
adding a hyperbolic secondary concentrator above it to enhance solar energy concentration and
improve energy flux distribution on the inner metal tube’s surface. Simulation results for the new
vacuum absorber tube yield promising outcomes. Optically, this novel design increases the
concentration ratio from 62 to 71 and improves the uniformity of energy flux distribution by 55.05%.
Importantly, these improvements come at the cost of only a 1.88% reduction in optical efficiency
compared to traditional vacuum absorber tubes. Consequently, these modifications offer a
substantial boost to the overall performance of the parabolic trough collector.

Keywords: parabolic trough collector; vacuum absorber tube; concentration ratio; solar flux

distribution; optical efficiency
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