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Abstract

To enhance both the accuracy and computational efficiency in simulating the optical efficiency of
heliostat fields toward receivers in solar power tower systems, this paper conducts a sensitivity
analysis on the selection of time sampling points. By establishing an optical simulation framework
that integrates the Buie sun shape model, a micro-surface scattering model, and a simplified atmos-
pheric transmission model, and using the Annual Flux per unit Area as the evaluation metric, the
study systematically investigates the influence of date sampling (4, 12, and 36 days) and intraday
time sampling (5, 7, 13 and 25 points) on simulation results. A GPU-accelerated Monte Carlo ray
tracing method is employed to enable high-efficiency large-scale field simulation. The results indi-
cate that time sampling density significantly affects simulation accuracy, with intraday sampling
showing higher sensitivity. Under the same computational constraints, the “12 days x 13 time points”
sampling strategy achieves a simulation error below 0.01% while substantially reducing computa-
tional costs, representing an optimal balance between accuracy and efficiency. This research pro-
vides a quantitative basis for time sampling configuration in optical simulations of heliostat fields
and offers practical guidance for improving the efficiency of field design and optimization.
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Figure 1. Heliostat tracking model and micro-surface normal deviation
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Figure 2. Visualization of the DNI model at 36°N
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Table 1. Heliostat field parameters
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Table 2. Simulation results of SolTrace and the proposed MCRT method
5% 2. SolTrace 524 MCRT /73&R0 B AR %L
SolTrace MCRT R (%)
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FATH E H 4TS ] (ms) 6200 1

4. B[E] R SUE SIS K S 4R
4.1. SLSHE

B3 AR % o BRI RIS AR, T ks B 07 FUEAE AR BE B RTS8 . DO AE PRUEALIDURE
FEMTRTER N ERTHF SRR, ARSOE A 8137 01 5 AP I [ S HO0T R R BT SR TR EDE A
I, WS EEPINLERLRIT: — 8 A RERAE H IR — R N AR BRI T

DOI: 10.12677/csa.2026.163090 633

R =SS


https://doi.org/10.12677/csa.2026.163090

HE K, TAE

L SorPLOT 152 | New e
5

s _telp
Clinate Plot display Fieid Javaui

TR e

S cone

o]

A e sewn .
o Beliostate

i e

Feceivers

=g

o Simalations 20

@, Pestommance Simstion
4
20

« O Parmetrics

Ry Optinization
I J Fesults

Layout Results
-

20|

ion (Rorth) [n)

4 Receiver Flux Profile

Systen Sumary

-0

-0

@ @ sk

0 4 40 0 a0 20 200
Fiald pesieion (Basee) [a

Figure 3. Heliostat field generated in SolarPILOT
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Table 3. 3 types of sample dates
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Table 4. 3 types of sample times
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Table 5. The results of time point sensitivity analysis
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[& 4. AFPA IRZUTETE

5. &ig

AT B G AL BAE 5E H B30 5 BB P A I TRLRAE sl RBUZ 27 T 7T I x5 H 8
Dt 5 AR M R R e M, L TS K FRTRAR . Bt il A B OR A S Y RO AL O 22 A5
R, IR S B T T AR A 2 IR A N SR B VA SR b, DL e i S R 8] A £ 0 852 377 e i L
HE ST HIRZ o

WEFE T 7 2 RIS TRRAE SR, A ELIAT A I B AN R T U L 1 AN [RR AR B XT LT 56 BT
GPU i ISR RISOCEIB BRI, SEHL T MR Rk EERDG 2 0. SEOR 45 AR W], I (AR
R BB G R B A R E R B RIS RN, SRR T, JCHAER BORAETT TR
DU R R, SRR SRS ARG B S TH SRR AR, o “12 H < 13 iR LG 7 RAE IR 245
5 TH S RAS Z A AT T AT, TR HERERAE S

AHTFAON E H BT A R R A AR AL 1 AT 52 B I AR, o8 KRB 7 1 O it

FIRR R RS H 7IRES %, SO RS o SRR R A — I TRER S R

Sk
[1] Duffie, J.A. and Beckman, W.A. (2013) Solar Engineering of Thermal Processes. Wiley.
https://doi.org/10.1002/9781118671603

[2] Heller, P. (2017) The Performance of Concentrated Solar Power (CSP) Systems: Analysis, Measurement and Assessment.
Woodhead Publishing.

[31 Jones, S.A., Kolb, G.J. and Donnelly, M.W. (2007) Heliostat Cost Reduction Study. Energy Procedia, 8, 60-70.

DOI: 10.12677/csa.2026.163090 636 THEAURF 5 R


https://doi.org/10.12677/csa.2026.163090
https://doi.org/10.1002/9781118671603

Hih, A&

(8]

(9]

[10]

(1]

[12]
[13]

A E. FeTrHENLE T S 6 O BH B8 2345, 47 0 8 B A 8 [D]: [l 224018 3], B WK, 2026.
e, & H B OCHEAR S fe 25 A0 07 B 34T Monte Carlo JGZRERES AW [D]: [B-L24A018 3], Bl Wi
LK%, 2019.

Buie, D., Monger, A.G. and Dey, C.J. (2003) Sunshape Distributions for Terrestrial Solar Simulations. Solar Energy, 74,
113-122. https://doi.org/10.1016/s0038-092x(03)00125-7

Chen, Y.T., Kribus, A., Lim, B.H., Lim, C.S., Chong, K.K., Karni, J., ef al. (2004) Comparison of Two Sun Tracking
Methods in the Application of a Heliostat Field. Journal of Solar Energy Engineering, 126, 638-644.
https://doi.org/10.1115/1.1634583

He, C., Feng, J. and Zhao, Y. (2017) Fast Flux Density Distribution Simulation of Central Receiver System on GPU.
Solar Energy, 144, 424-435. https://doi.org/10.1016/j.solener.2017.01.025

Leary, P.L. and Hankins, J.D. (1979) A User’s Guide for MIRVAL: A Computer Code for Comparing Designs of Helio-
stat-Receiver Optics for Central Receiver Solar Power Plants. Technical Report SAND77-8280, Sandia National Labor-
atories.

Duan, X., He, C., Lin, X., Zhao, Y. and Feng, J. (2020) Quasi-Monte Carlo Ray Tracing Algorithm for Radiative Flux
Distribution Simulation. Solar Energy, 211, 167-182. https://doi.org/10.1016/j.solener.2020.09.061

Fujimoto, A., Tanaka, T. and Iwata, K. (1986) ARTS: Accelerated Ray-Tracing System. IEEE Computer Graphics and
Applications, 6, 16-26. https://doi.org/10.1109/mcg.1986.276715

SolTraceV3.4. https://www.nrel.gov/csp/soltrace

SolarPILOTV1.1. https://www.nrel.gov/csp/solarpilot

DOI: 10.12677/csa.2026.163090 637 HEHUR 5 R


https://doi.org/10.12677/csa.2026.163090
https://doi.org/10.1016/s0038-092x(03)00125-7
https://doi.org/10.1115/1.1634583
https://doi.org/10.1016/j.solener.2017.01.025
https://doi.org/10.1016/j.solener.2020.09.061
https://doi.org/10.1109/mcg.1986.276715
https://www.nrel.gov/csp/soltrace
https://www.nrel.gov/csp/solarpilot

	定日镜场地光学效率模拟中的蒙特卡洛光线跟踪方法中时间采样点灵敏度分析研究
	摘  要
	关键词
	A Study on the Sensitivity Analysis of Time Sampling Points in Optical Efficiency Simulation of Heliostat Fields Using Computer Simulation
	Abstract
	Keywords
	1. 引言
	2. 定日镜场模型建立
	2.1. 太阳模型和微定日镜表面模型
	2.2. 定日镜光学效率
	2.3. DNI
	2.4. 时间采样点灵敏度评估指标

	3. 基于GPU的蒙特卡洛光线追踪
	3.1. 基于GPU的MCRT方法
	3.2. 算法正确性验证

	4. 时间灵敏度实验及分析
	4.1. 实验参数设置
	4.2. 实验结果分析

	5. 结论
	参考文献

