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Abstract How to make full use of the full-area radiant energy of parabolic trough collector (PTC) under a large
opening area is a key issue that needs to be considered. For this reason, a new trough free-form solar concentrato
(TFFC) is proposed, which uses the form of photovoltaic/photothermal simultaneous collection to expand the PTC
concentrator. The opening utilization area of the optical device adopts the traditional trough heat exchanger form on
the inner side close to the PTC, and the outer side is based on the edge light transmission principle to design a free-
form surface concentrating photovoltaic system, which uses an inclined method to expand the energy receiving area
of the solar panel, and obtains a very uniform concentrating energy flow distribution. After that, the line tracing
method is used to verify its optical characteristics, and compared with the traditional PTC system to complete the
sensitivity analysis of structural parameters and the discussion of error factors. The results obtained are of great
significance to the improvement and optimization of the trough solar collector system.

Key words optical design; free-form surface; solar concentrator; geometric construction method; ray tracing;
method; energy flow distribution

OCIS codes 220.1770; 350.6050; 080.4298

Wi HE: 2020-12-16; 1B HHA: 2021-01-28; KA BHI. 2021-03-18
HLTB: BHRHKRB 24 (518061800, # [ i + J5 Bl 2% 3 4 (2018M641018) ., Bk V4 & 1 + )5 Bl % & 4
(2018BSHTDZZ09)

BIE1EE . "mengxl@nwpu. edu. cn; *liucunliang@nwpu. edu. cn

1522002-1



F 415 F15H/2021 £8 B/ ¥R

1 5 H

K PHBEAE R e A AT i ] B AE B IR 2 — B A
JE G AR PR Y B, BOL K IHRE R R AR
PR R KBAGL SR A/ m A ek L AT
K PH AE = T A B Bl L . KPH g SR O 48 2 B K
B 1) SR BETRA , WeAE Jr A 8 R A R SRR
JHIT 5N R AR L R S W T 3R O A
(PTO) X R RAEREIAER L H4E T R K%
LA RS B PTC R G0 H B OE H AR XK (5 A
ey R B W SR =T o s A SH 2 (1N
FH A 2R ' 25 19 B2 H, BRUAS 17 35 A5 T8 0 9 Rl s 4 7
MHI PTC REA T WA T HAEREH. DX
FEEBUGOEF BB IR T PTC R OGRE IR % B2
il FHA RS s FF R BAE KO
AL PTC R ICE T ZHE T HaX t 2k 5
SHOGT R SR B DR AT L T O L R 0 ) R 2
AHE B A D R AR T SR B R, H R E PR
F# RS PTC & 4t—Spacetube 2% ) 48 20 3R
JIF O GE R T 8.2 m, Mg fAiAF] 82°0
PAETY RKEFF O RSB I T e PiFe , X452 M
JEHE T A R . AR E ) R XU T Y 5 R 22
T R AR PTC S5 44 14 N 7 R P T I B R B, 3
B EREAL PTC REM MR, B —Fm. kT
K BH R S5 2R G5 R s S5 4 1) BRUIR 2 Ak 25 TR L K B B
B R G 2 1% 22 B 3 A7 6 TR) % 38 it 1 e
Wi A SR B 15 25 R S S iR 2 A TR 2R Y R ) o R 2R 4
JEBEAE B2 - ) & R BE B0, B B n B Y
o T A B A 5RO H i B R A T PO BT
1117 45 MG SR O BE A i Bt HE B T % X AR S
72 H 2 W fa] 3R A5 B8 2 19 4 559 B et I e RO B B b )
XA ROGRE W /0 A s B h 255 T PTC R4
H R0 & J e 34, 8 28 iF i O 22 T O i il B R
42 PTC it

BEE M THAR WA LR, AmihmsEARC &
FEA AT BN . F il B e e R
kX, Hoh 25 Tl A B R &l D AR Szl
T BT A R AT TR O B A R o
il o ER B AR R A S LA R A B K BH RE R 45
B, HETE b T R B B, WA S8 Rl AR, (3
L R RGBT R TR SR OG AR R AT LA ROk
FL 2 (A 35 50 1 A 2 B S 1) B IR 40 A KR B 4 T
AR (CPV) RGERIBOR VBB A 2R,
HARKW TR . We=EH EFE, AH

i CPV B A i 51 X, & 5F CRRH TR & 1 51
Ko PR HAR F M 1 2 P B S B T
R 2 R0 5 U > W) 45 22 R B AIL AL Bk A B AT Y
XR EVRSEEIR R G % R G0 K il 45 4 . O
S TCA 43 ) R — WO S B X R AT S R RV 4
B, S B it T (SMS) i T A i
RI% 55 REBE DR UIE A ST 25 25 M BEAE 1. 845 [l 1Y
e R RAET 82, 12% ™, H HIUT B G L (CG)
K #) 1000, XR AR G5 HA G2 80R & F OGR4
IR O 3, R 2R 40 B8 R HL 3t A OB 2 LA G
B H HER A5 W) 1 B A RWOR IR R . 7 PR
PR b, S By 1k e ot 6 B 18 A R FH R S b AR v b
AT A T (H I 3 B 1 R Sl A7 5 i 25 R 803 1 o
iKY, Nt ZHA R R T 2 ERL TRERAS
JeEEIEH AR R G R — KRB
BRah A W A il B Y A5 R L T T -
BB % (FROY™ 52 86 W0 38 3% 45 28 O L ik 3]
595, AT R 2 MR B £ 1. 24°, IR K
ST 2R 55 0 O B B8 B 6] B, Alvarez 51 R 8 B &
T 4R -5 5 CTIR-R) i3 45 . 0 HL A 82 0k £ A
ANEEGNEE R A, RO HE Ik ) 1256, BRIE a0 R
KF 100% . RXT W2 55 4b — B A 5 [ S 3 72
R R R ZEM MR T 25 4, w1 IR T 4k
WG A7 A0 S Rk S A R Y
RXI & 48 f1 % F — & 3F 12 B 35 55 3k & RXI ) F-
RXI ARG, # K 45 T AR ¥ 50 1 B O% B 3 4 A A
BAZVERRIEM . B T R OB AR B, 7E K B fE
WA S A ANTFLG M A i R, Tsai
25RO T AR I 2 O A i L R S U AR bR
(B D vk K g T A e ol R R A AR R, O
TZ R By O 2 38 76 45 5 R A 2 e BB
Wi e AR F Y ST A R T R I e, 25
ATLAE N, DA RR DK A fhm ROt RS
I TR BH & PTC R4t

HE A JL AT 27 JE 3, 3RO 2R 40 4 B v 0T e 0 40
A7 14 30 G5 BB A0 X 38 3 B2 RO 1) 2 1 A8 ik
(14 o I 3 — 47 A AR SCRDE MK B el il D24 15
Jrk sl A PTC & 4 i) & 3t, R O IR/ # ik
(CPV/DEA MM Ir k4™ & PTC I+ B F H]
T AR, DT A R o 1 B 0 e A AR AR BT
S5 KL AR F A% Gt 4 4y R QRO AT R Y A eR it
T S A #5% 208 AR Ol Al =0 A el ol T K BH BE 3R O A
(TFFC) , H v 4l 4y 1o 4 2 3RO 5% 45 e A8 U4 $u
HEATH AR B R B phy i TG S S 4 38 A LA A 3

1522002-2



HRiIEX

F 415 F15H/2021 £8 B/ ¥R

A A AR 4 1 06 K B o R L0 %
BB 5 00 B REVE AN . A SR 2008
JrHERE TFFC 5 5500 0 B 1 0 150 F 15 16 2%
PTC 3R G5 A7 41 He 5 5 5L A 5 B 2 22
FAITIE A HO B 14 58 X 5 A 78
S 0 P
2 e

T SR A SCHR 4097 8 TEFC o5 f 3
IR 5 HL O A A0 7 28 00 LT R
XE TR TSRO 2 6 5E PR LR A K
P BB 0 9 36 T 46 0 A
TR T 40 LA 5 ORI 0% 0 P R
HLHE IR 4 0 3000 90 A B K SR 0. B% 1 T MR
B2 K WTIAR B8 T 008 2% 34 e
B T 05222 45 4 300 A8 6 BB AL 17
R MBI K 0 FAE 9 0
SRS 15 69 A 6 28 A i 1 0 0 e

0.13

1L, 32 A 2R A £ B 1Y) d5c O B 88 Ml AR LA 56 R AR
FikpH
4f « tan 0
W:1f+Tg¢’ (D
K. f W e EE; ¢ A PTC FAE A3
M EH 2 5otz W e f, ¢ 0y BUE E LR
0°~90°,

B 8 & 98 BE I B AR T AR R g i 22 5
Y FE W f R A R AR 2 AR X R T
Eurotrough-LS3 R~F 280k &1 £ Mzl o
Ay K 2. 358 m Fl 14 mrad, W& 1 s, A1
AT LLE S, 44 T A B R B WO AR o i R
WY 38 K . 3 AR G AR SR O A 1 H2 Wi 3R T 2 R
Fe 9T A3 A WA T A /R R O 0 B A R B
5 = B PR ES A B 0 TR R B S BE I A
(14 fiE F2 F 322 S0P BRAS T AT R I %8 R A RE o
IRAE 51 2% DX, PRI A i 40 2 A e 2 i) O BA Y6 &
T A TGk

@
g 0121

&

3011}

&

= 0.10}

3

<009t

o

S 0.08}

g

E 007}
0.06

—=—width of focal spot with
different rim angles

®) half acceptance
W@ 7

optical length
of PTC

Rim angle /(°)

0 10 20 30 40 50 60 70 80 90

BT T R BE RE SR e TE U SR BT R AR . () HHER M 5 (b) St B A A

Fig. 1 Width of focal spot formed by parabolic solar concentrator. (a) Curve distribution;

(b) optical path model
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Fig. 2 TFFC structure and edge ray principle

K 2 iy TFFC 5 S50 4% PTC G
BEE R R ILAFR S 2 fl, 09 28 )5 055 A8 A5 R
MHE G, TFFC WY fr A6 /3 BOoc i « ey K
4 1000 mm , Jb4) 1] B 4% XS A 420 Ry A
iy X R KR BN d,, . B RS AR
BN f S L, A e FOERARCR A B K
JE . eAh 7R S g 0 v ] B TAD B DD e S S
IR, JH LA S A U 4 0 T A 2 o 1 [ A e R L
T2 S 2 X A X 83X AN i KR B T
P& P S g 0l A, SRR E -, 5
CPV 15RO L v BEAH G, R B SGAR AR B v i 8 5
ezt A i RS A &G E A, L
PRI R AL LR OR .

3 BOHApE AR

AR SCHE T TUAT # 3 vk (GCMD A g ey i T f2
St GCM 2 — Bl s B B % A T 35 - FOAR 9
Y2k A 3 WL A LA D't~ s R A 1l oty TR S 5 0
Ir 58 B 5 SE T O PR AN H AR 2 8] AF A A E
KAWL, FRETEAPTTER M GCM 1 1 22 i3
NP TG ZH B T R HE T AR AR R I R
G AL 3l e P T O A O vk LA R TR
ZERM B LT T B 8 GCM 9 8k, 2 T 15
oAt P B BE G A oK gt T B JL AT A 3 3k A BT LA O
ZH GRS M 7 T D-H R R 6 R AR
RHL L o i i e B A DR R B 95 9 A ) N A
RIS RS i e o A SO R OK BH BE B/ F IR 3R
ARG K 1 A Hh TR AR T O vA PR
I8 I3k Al i T B LA A9 3 vk (CGCMD) o i 2R it
FEUNE 3 Pros AR .

Cos

~ emitting emitting

I C point 0 point 1
Ol

VP P
1

solar panel 50 S
.
|-\ \~.\~ vsﬂ vs!
P, PR RN
R B
v \ A\\_\

P/S,\\

. \
target \ \ )
point 0 ny v, [

target
vector Uy,

b P freeform
0 region

. . \

intersection

with curve

parabolic region

3 FIFH CGCM A )i TFFC 2 I iy J5 3

Fig. 3 Principle of TFFC surface generation by using CGCM
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Structure Parameter Value
Length /mm 2358
. Aperture /mm 4100
Parabolic .
Length along x-axis /mm 1000
surface )
Gap distance /mm 400
Reflectivity 1.0
CG 5.0
d,./mm 1741.7
Freeform . )
Number of discrete points 50
surface )
Length along r-axis /mm 1000
Reflectivity 1.0
Diameter /mm 70
Solar Thermal energy ratio 0.7
thermal tube Length along r-axis /mm 1000
Absorptivity 1.0
y-coordinate of point S ,,/mm 50
7y /mm 234
Slope angle /(%) 72.85
PV receiver P g )
PV energy ratio 0.3
Length along x-axis /mm 1000
Absorptivity 1.0
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Comparison of ray paths between parabolic trough and TFFC. (a) PTC with incident angle of 0; (b) TFFC with incident
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Fig. 6 Distribution of received energy flow of solar panels under different concentration ratio of photovoltaic geometry.
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Fig. 8 Concentrating energy flow distribution on solar panels with different photovoltaic ratios.

(a) Photovoltaic ratio is 0.1; (b) photovoltaic ratio is 0.2; (c¢) photovoltaic ratio is 0.4
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