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Heat flux distribution on wall of receiver in a solar power tower plant

YING Zhaoping', HE Boshu'?

(1. Institute of Combustion and Thermal Systems, School of Mechanical, Electronic and Control Engineering, Beijing Jiaotong
University, Beijing 100044, China; 2. School of Mechanical and Power Engineering, Haibin College of
Beijing Jiaotong University, Huanghua 061199, Hebei ,China)

Abstract: To enhance the knowledge of non-uniform heat flux distribution of receiver in a solar power tower plant,
an optical simulation software, SolTrace, was used to model the Gemasolar plant system geometrically and
optically, and the wall heat flux distribution of the receiver was obtained. According to the convergence judgment,
5 000 000 rays were used for follow-up study. The accuracy of the model was verified by comparison with results
from the litearture. Under the standard condition at the design point on Summer Solstice, the incident radiation of
sunlight was adopted. From the simulation results, it is found that the variation of the solar radiation heat flux
received on the wall of different receiver tubes is related to the annular distribution of the heliostat field. For a single
absorber, the wall heat flux distribution is non-uniform, and the comparison with the Gaussian approximation
distribution proves that this distribution is quite different from the design condition. Then, the heat flux distribution
of the receiver at noon of Winter Solstice was obtained by using the model. Overall, it is concluded that SolTrace
simulation is more practical than the simplified Gaussian approximation distribution for the treatment of wall heat
flux distribution of external cylindrical absorber.

Keywords: solar energy; solar power tower plant; SolTrace; heat flux; Gaussian approximation

SR B HAT R i R RS, o2 H R
K BHAER FH Uk A 58 05 2 —. B 2R PHAE B I
KA RGUEME H 553 B s A0 B w ML
PE O R R A R R
FHAE Ay —BhEARTE 2 SR, X T 85 Ot AR A ol 1l
A R SO R A1 1) R AU R S 8
HIFTE R, W AR BE 1T EL AT R I 28 AN 34 5 A
M IR T AR AR EE PR BRI E

i BAH.: 2019-11-11

EB® . IR (1994—) B #i-LBF5EA:
A1k (1964—) , 5, 4%, W4 S0

BE1EE : /{13, hebs@ bjtu.edu.cn

AL I B R b, AN 5 1 R PR AR 5 &8
H 5 R A B AR R T 5, 23 AN 245 i A 25
A 3K 5 e W A 5 A A AR IE AT TR A
AP 30 R) P TR A v AR R A B e O T
JRITRIRBELR R AR SR VERB IR A% R AAR S i LA
T AREE I TR B4 TR L. AN, S5 [ Solar Two ¥
TGI8 A A DRI R R B TR 85 B 3 e 3 o
SRR R

AT, 3 2 A 2 T R I 28 88 0 A1 R I T
G R SR I g AU R DL AL B S e 4
WKV TF ol s 17 d, W3S E Solar One H
SURIPEPEF TSA ML BT i, A Ok



- 88 - T O I N AN -

%553 %

FEEAT AN HFLCAL™  MIRVAL"' Hl SolTrace'*”" 1
DU T TSI PR 0 R 45 BE THT R I 20 A, {EL 1 oA L 3]
BB T PRGE R O P ol A K SR A
M AR A BE T RGAE A O REALL. I, R O B e v
MR P o B THT R 70 BT 2 O T it
FAARRIAD , TS T 2 B R A ) B — TR A A O
FEM TR . WA BE T4 52 B 1 328 5 AR ) 1
PR PN PR TR (AR 7K 280 R R A ) /Y
TSN R E T R B BN 1 45 B
BERORANR. SR, AT 22 8O0 5 SR A 2 30T o) Ak B
(19752, 81— S B 5 SR A AR 30 43 A
( Gaussian approximation ) 2§ T {b) Ab ¥ 45 = T #4245 BE
TR A (ELS b 7 92 FUR 0] S s T 00 ) 20T L Al
B, X T[] — W A e AN ] P9 IR AR SR FH AT [) 194K
oA, 5 S BR T O

SR ADE 05 E BT SolTrace X #1581
BEAOCH L R G AT LT 50 A AR5 S R
A MRS B T L PR 28 B A 8 5 5 SOk
PEATRT LV UEA Y Rt 1. 38 5 0 LM R A H A
T R 22 R4S Z2 2 I 22040 A W ERAS B BE T PR 2
JEE A1 5 AR X RO ) 30 AL v 397 A, 8 R A T EL K
PEARAS OS5 SR B o T 5, X TRE N ] B A B
EEE -0

1At s AR

B AR BHRE AR HL il %) S 220 R o 45 3ROl
BEE AU A TARE R IR AP E SR
T ARV RO W AR BE T RO A, T
X RO B G ARAR AT LA 5062 . i A
WORAEFERE 2 HRYIEF 12 5L @4 79 Bt
Y Gemasolar HL vl | 12 HA, vl 2 4= BR B JAE B Ml Ak 4
FRAGAFEE S H 1 IHIASE v o 1% 2 0 4% G o
i, R TSR IE 2O PR L BOR A Al A5 2
JEHR IR 7l R AT P A R TR R T A — 1> BLAR AL, Xt
JEHEL S A BT B RS AT A TR R

(a) KFHRHERE

(b) KERFH
B2 JL{EERE

Fig.2 Principle of geometric modeling

TZH w2 T P HE A 1Y Fuentes de Andalucia, Jb 26
37.56°, P4%: 5.33°. MLy LA aniE 1 .

O B R H B3 A B B BETE S B
T8 HEG W AGERL | BRSSO i/ VR
80 m, i K F- 4% 880 m, & H 4 2 650 K, K/
11 mx 10 m 2Ry £ 05 il e s i 5. 0% &
130.5 m, WA A URFEIE A 20, S 10.5 m, 1%
IR EAE 8.5 m, WA | EGHA 558 ARV
PAER A alloy 8O0H , FEAR N IAE A 2.25 em , BE
JE1.5 mm. WIER A AL N B h 18 T H
RN A R R 1 B A, P FR 31 iR L =
I L R B

B |-

1 Gemasolar F ik & E
Fig.1 Aerial view of Gemasolar plant"**’
1.1 2%

e URPHDEZAF B, & 2(a) , s HHALR
FHOZ B R, s = (cos @sin y,sin @ ,cos @cos V).
o NEEAM,y AN BT A IE R AR,
WP A IE, [0 75 4 1, HO(EL Y LR (—180° ~ 180°).
VT RS 220 SR B 7 e B AR R0 7 2 A 43 5 R 14120
0°. W B3t s iy R BH R & s B AR 4R (0, 0.24,
0.97) , KBHIEAK (Sun Shape) i Gaussian ZE7,

E H AT 0.93 IV SN A Pyromark ¥
2 BBRESCR T 0.94. 1€ SolTrace FAFHY Optics
TR 3 AR SO E B

(o) & H B s i A 73X



514

REIE, A5 o B AOGHA R il W TGRS A E T RO 0 A1 - 89 -

M1 TR % ol 8 H B S T I 2 G K
W Z Mz K KRS B H B2 1) R 1 AH X
AR SCHY T AT RS FH AR 28 RO SR ) 50l s A
JRBE, JEEEANEE 2(b) s, B — g H B8, TS [
LEARBRRF S B BRI E R RIE H B
H AR A (v 3,2)  WHE R BIARFR N (xp, vz
zp) , WA R AR A A 2 O Tl FE 2 H A58 B GRS 1Y
[l i HR $817) z il , Hrf )i HR 288

HR = (xR T XusYr T YusRr _ZH) P

Bl 2(b) fikma n iHEAR R
_ HR s

“THR] ST
Bl 2(b) Hikm i ng BTHEA N

n

ng=n+H= (xn T XY, T Yus2, +ZH)'

i — HER L R R G, w4 22 H
i, MR SCER[ 17 ] i Y 7 i 2 H 555
{18 TLAR] A G 00 A2 A AT B IR ). 8 H Bk
FHAE A 7 CHES AT B AR 4 S kIR &l
2(c) s  IXRERT DL S R B i 00 R i O 7 H A
PG RO e RSB AL T A bR R Y A E
H A0 T B U R PR B 1 [ 26 | AN ) 0 1) 2
TR E BB/ DRI, 2 Gemasolar
H, il JL A A R AN 3 .

N WA
1000

500
£
=9
H
-soor - F
1000 -500 0 500 1000
2 /m

Bl 3 Gemasolar Bt E ARHERARUERFR
Fig.3 Heliostat field and receiver locations of Gemasolar plant
1.2 St&iBER

SolTrace HT 4R I8 &R 3 T 547 RIEFIL 7. 4k
i B s i BN 4 s (B HoR T ER964)

RS E R 1 FoR BB 4 A RLE
EREEE LR, ST S IR 2 B e (AR AN
JEIR BRI 1R 22 < 1% I, B 45 R 28 4k, 2% 1%
S 08 R SRR R & 5 000 000
FS IS

B4 SHEKEERTE

Fig.4 Schematic diagram of ray-tracing

F1 THEWSH BT

Tab.1 Convergence judgment of calculation

P — $1@m’ﬁ§r§“/ WA AL
(MW - m™?) AN 7 /%
1 000 000 559 522 +1.07
5 000 000 559 917 +0.48
10 000 000 560 238 +0.34
20 000 000 560 392 +0.24

1.3 RIS R IRHIE.

B2 H A ZIR R BT ( Bk ) 48 5
1000 W/m?) 5438 BREE BTS00 A 25 B
THT A BH A S A 28 B A & 5 () . e M
JE AT, L S (a) FTE 1, K200 B £ 5 18
W A2 2% T8 1 TR B i BRI 2 R 0 A 2k R 5 SR
C18 ] RYZESR (AN 5(b) fis) 248, T T 4D
S5 SR UERA TR  DOE 1247 BE S BT, 4D 48 SR ) At 0eg
{EANEE 2> 5918 1.35 .0.70 MW/m?, 1 SCHk[ 15]
RAFZAERT N A 1.20 ,0.80 MW/ m” , FXFi5% 2 7]
12.50% , Wik B] T AALZE SR Efh . teoh, — 1 & T3¢
[E] Solar Two &I 3 S Pris 1717 Bl g 4 ) B
P2 HL 0 W RS AR ) —A 7 B (A6 AR P 30°00 £5)
A5 5 R A PH AR B G 0.75 MW/m®. ¥ T
W IR T I 25 B e MW/m” A L ARG
ASRERE R T 3 MR (ROLIZ R 000) ;1M
Bl 5 ] & AR B A A AR B 5) . R KA
B TR AR 2 A A FE LR, PRI, SR PR E I A
wrEARIBAT  WE 2 1R W HR AR BE T RO O A 2 00
HE



- 90 - U/ N N W NI B LERRE

- R R A R AR B T ) P8 7 0

4 {,;fr\\\o‘u‘“ 1M BT AR S I 1,18 MW/’ s IHA

:////f:o.s?i“t S AR H 7, R AR 20 BV

£’ —99=C IR, A th AT 90 T R 77 1 65 0136

%0 AT | SR 0.93 MW/m? ; W3 G 5184 K, M

g 7 1 R A0 TEAE 7 ), B T AAE 0

I WEWAR LGS 412 BRI RAAL72 MW/m’;

04— ] Rt e : B T 7T 85

e T — — RS IR, A ) ) A 7 7 ), BT AL 2

. FEWE(EL FF Ul 1 B T P A W (B HEE 4 5

B AT 5 1 PRV ORI, A BT A 0 W (R L

(o) B A JEEPRLIA 4 12285 2 A b 0 o R T A

| ‘ fsi HBEYS , FLLAGAAES s, s H 858 R 75 7 6]

81 SR, TR A5 F B0 TR, T ) 1679 GEAR

‘ . 7V R ARV B T 32 AR T 6017 T 18

£ Ew TERE AR LA, T 90 0 1 A B T4

£ 12 12

£ of e WL/

WA

5 10 15 20 25

25 20 15410 50
W AR g Bl ] B /m
(b) SCHRZARDS
5 EEAREES® (MW/m’)
Fig.5 Wall heat flux distribution (MW,/m”)

2 Wi AR W AR

FEER X W R 7R A N TR T B e 4R B 5T
H TSI B TET (39 $A DR SR TR 2P0 01 Ak 3
RIVE FH T AL i3 207 20 A, WS A i 1) A O 4 2 IR M I
A3 BRI, AR B 2 L I AR 5% 0 A1 R

MR A DR T ) RO 8 R A R v St oA R 3R
RN

2

2(2.0) = M-efﬁ +cos 0, cos 0 = 0 ()
’ 0, cos 8 < 0.
P s MO RETRER A BRI OE s = WA BE T
— a5 v AR AT ) B BB PR K (-5.25~5.25) ;
0 A . it ARk, W0 6 (a) s (R H By
FIIE) | A BE AR 0 A PR 2 ) g, BB
AL AR R UL T 558 RIGAEFZIE] 6(b)
R Jr 2GHm T HEA T g0 . BRI R
Fon 1 Hemit, BT 18 AR AR, T 31 B
TR (B 31 AR EZR) KL= A— R4 i igs. aniehs
A H AR T P X ANR AR,
MGG SAF BIANFIAAE (4 5 M 1 T8 RORE ]
PR B W A1, &l 7 PR, WKL 7 Thel B
P IR RAVAE R T 2 AT P DA IS S A 2 R e {1 22 A

415 -

‘1 290
19 272]

145

(a) WG Ry T AL (b) WIE SRS
E6 WMAERMEITSHS

Fig.6  Local coordinates and numbers of receiver tubes

-------- WA
15} (A

s y

Z 10

=

&

ij_f 0.5

m

0 100 200 300 400 500
IR G

E7 WAEBEERRTEEENTENE
Fig.7 Peak value and average value of wall heat flux of receiver

tubes

H ] 7 R R 4 W AR A B T A It 2 3T 3
HA7E 0.20 ~0.30 MW/m’, 5 I (E A 2% — B 2,
HARARR BEAR /I 5 T W B AS R TR A O 285 B 0 {1 A2 Ak
A, AR T I AR BE T 9 PR 2 B Ay AR AR AR 84
HAE SR8 B2 (R A SIS oL T W (i AR 40 A B 7
BTG sl ), 8 18 T A AF 9 BE T A I 0 A e AN
BIA e A8 b 1 IR Se R AR 5 H 8537 10



514 BEIRF-, 25 s B O F 0 IR EAGAS ) E TT R O 0 A1

.91 .

w35 FEOCTE AL 1) MR AR, A ik SR v O VA (i
RE T 2

BETR G L) 847 T.00 LA EOR, BLUTH
(UL SR E SRR SN D]
Vel 5 412 B PVE HEAT 200, P 8 435l

Bl G VeIt m%ﬁﬂMﬁFﬁﬁE%ﬁ%
IR0 AT Rl W A L. e P A FE e #r
X AT DA B, WA T B I R AR A
SRR T A A (E AR B R S 2 il T 1T AN S
W, HARGE o34 A v IR A )07, S BN
SITRIE TR,
PR EE/(MW -m™)

1.690
1.479
1.268
1.056
0.845
0.634
0.423

0.211
0

(a) BEALIZE (b) IEALIE T
8 HEARETFEMARBESH
Fig.8 Wall heat flux distribution on the No.412 receiver tube

2.0
—— M
—— EiE
16
s
; 1.2
ﬁg 038
0.4
O 1 1 1 1 1
4 2 0 2 4
I A = 8 /m
(a) A Kb
12
— A
—A— EirE
= 08t
E
5 /
5 X
= 04}
&
0 —-“'”A. ! L ! A‘."‘-—
-4 -2 0 2 4
IR AR 1 /m
(e) Chb

5 412 B AV

BETH I 4 AR & A B

C.D (WNE 9 FrR) By #5845 301 40 v 307 40

g 10 s,

{R1 B /m
o
T

B9

Fig.9

P E/(MW -m™)

JE/(MW -m™)

e Ne T

(o

084017

-0.06 -0.04 -0.02 0  0.02
WA 1 S8 m

RS 412 WAERE L 4 AFRERLEA, B, C. D

Four different locations (A, B, C, and D) on the wall of

No. 412 receiver tube

0.4

03[

0.2F

0.1}

W AR 5 fm
(b) B4t

—A— i

W AR R B /m
(d) D4t

E10 H#S42RAERAARMUELARZEESHSEUSH2XILL

Fig.10 Comparison between simulative heat flux distribution and Gaussian approximation distribution at four locations on the wall of

No. 412 receiver tube



292 moR EOL Ak ok o E R

%553 %

H &9 FHEL 10 A8, FEIX 4 AL E I HAE RE
T BALRAT B T s AR BRI 28 BE 40 A1 55 30 AL s
IR ZE AR, F BRI I % A A, HL
A 19 i 1) H s P AL 2 R U8 s A AL IR B
B 10 Al 80, TR e 0 B, o A A — 2
FRERME , XA 3 0F 55 2R FH 51 07 43 A St 3 Rl Ak 3
I IS B TR 43 A 9 SRR T S Tl LA B A
RME R 22T B — s . ATl o A
R 22 AR, BT s % S
@ MY R I e W) | S A P S A
L, DORETRE T B W AR BB I X 52 244 1T TR M B 1T
ZF. LT TP 9T S bR T 47 F 35 R A28 1
PR | 25 B S0 I A TR, DG4 SR
()7 2 AT AL B LA 45 5 X

3 AZFHBAABZETARE LN

FIFZARIGAG T4 2 (12 A 21 H) P i)
Gemasolar YA HL ik I PRES AN [R] W7 $AAE 1) B T 440
AT AT ZA PRS2 KBRS Ry AR AR,
ARAFIZINT 2 0 FRA 8 3 3 A1 ) LIAG 30 H, ol I T2 i
TIEH BT, B 11 g5 421 281 141 Fl 1 W3
Ayt Fedt 25w P 4 ST ) BE TE AR A A
(1A 4 W &) 06 7 B 3 oL v B oA (R T 4 R
B . BT AT, s B e A 421 20 T Bk

BELIZ

S (D= i)
(a) 421 %

(b) 281 %

4 % @

AR SCHE T R 3 RO TR s A HE A e i B A
S B A HT S SolTrace %f Gemasolar 5 26 1
MLl RGEHEAT 7L 5002 . SR 2 H kit
FUIF ZIBR AR T B S B A S 55T 38 ) S 4B
BRI IT % AL RAT T8 2O B H 0 R A 110 BE T
PO AR LN E5E

(c) 141 5

(19 A PR SR A 1.36 MW./m? , 25 74 W5 ] (%) 1% R 4%
Py o B H e Ko ik, Ak
0.90 MW,/ m®. fi g Uit I W VA 141 BETH 52 31 A R 55
PORIE(EAL R 0.41 MW/m?>. 5 B 228 I 6P ik
WA ISR 2 FEARAEL (AN & 7 Pl ) AR EE, & &
A s Fisf 200 A [ R AR A T 0 L A A S [ R B ) e
1%, R R FRAE (29 0.50 MW/m?) H BIL7E RS 1] I 44
BEAb. T WA ZE A I AR T 37 R PR B R A1 4
P AR A (AN A R ) T Rl 23 PR IR B RS 1T
BEFE PG, R L ARAR 1 B 2 W B2 1) B0 40 A %
S BT ARGAR I S A T R AR & s TR R
KA WO TR B S L BRis AT, A Re % &
BT (HZE) BN % B4 Z i .

X LG 11 ASTR I 4 AR AR RE 1T 114 FA 000 2% 3
YA SR A, R 2 R AR, BT 4
Fofr EL A P B T ARAL 4 A1, S AR v 357 40 A )RR AR AR
A, BEAh, 40l 11 (h) A 11(d) B, BRI s
SR IR A3 AT AN, H R hy S5 R S BRI A 3
XoF N7 P 30T AR s 0 4 A R AR RD. DA L A 1 5 5 B
TATF , WX A R 4 FAF5E S2PR T 0BT
R A RS A AR, R LA 3 A Oy SO R
B, HA R R SEhR R A RN | G 3 AR
PATEE AT AT

L)
(MW )
1.36
1.19
1.02
0.85
0.68
0.51
0.34
0.17

()15
B11 ZEFR4NMHESRAERRBZESGERIUEREEUSHSH

Fig.11 Simulative heat flux distribution and Gaussian approximation distribution of four receiver tubes at noon on winter solstice
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