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Abstract; In this paper, a build-up aspherical solar concentrating mirror and its design method are presented.
It is composed of 38 pieces of revolution surfaces, and each piece of revolution surface is the part of the as-
pheric surface defined by a set of specific coefficients C,a, ,a, ,a,a4 ,a,,. According to the even aspherical e-
quation and the law of reflection in vector form, the relationship between the direction vectors of rays of light
reflected from the inner wall of aspheric surface and the coefficients of an aspherical equation, C,a,,a,,a,
ag,a,,, has been derived. By appropriately choosing these aspherical coefficients, namely, appropriately ad-
justing an aspherical surface type, the reflected light beam can have specific direction vectors, which can
make the sunbeams incident on an aspherical inner wall focus on a particular area and form a small spot. Each
group of specific coefficients is obtained by using particle swarm optimization algorithm. The focusing effect of
the solar concentrating mirror with the specific coefficients is demonstrated by using computer simulations and
proved experimentally. The theoretical compression ratio for this concentrating mirror is 330:1. The focused

spot can be used as a high temperature heat source and the concentrating mirror can be used in a solar heating
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Fig. 1  Profile diagram of a build-up aspherical solar

concentrating mirror
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Tab.1 Coefficients for 19 aspheric equations(x >0) obtained with the particle
swarm optimization algorithm and the projected height H,

pamameters  r=1/C(cm) a, a, ag ag ay H,/cm
(0~1/19)m 399.9189 -2.8655 7.2810x107° 3.2032x10°"°  4.6653x107®  1.3045x10°% 63
(1719 ~2/19)w  406.9650 -6.9491 -2.6752x107"° 52140x10™° 3.3124x10™" -5.1528x107* 50
(2719 ~3/19)m 418.1212 -10.8378 6.0248 x107"  3.434 1 x10™® -8.0000x10™* 6.2650x1077 44
(3/19~4/19)7  433.061 7 -14.3438 -7.9998x10°° 3.9858x10™"° —-8.0000x10™* -4.4212x10™* 44
(4719 ~5/19)w  456.0219 -7.7365 -8.0000x107° —-8.0000x10™™ -7.996x10""® -5.2111x102 41
(5/19~6/19)m  471.5262 -8.2696 -8.0000x107° —-8.0000x107™ -8.0000x10™"® —-6.0000x1072 43
(6/19~7/19)w 485.3758 -9.2593 -8.0000x10™"° -8.0000x10™™ —-8.0000x10™™® —-6.0000x10"2 49
(7719 ~8/19)w 496.708 5 -9.82857 -8.0000x107 -8.0000x10™™ -8.0000x10™™® -6.0000x1072 62
(8/19~9/19)m 506.0959 -8.7767 -8.0000x107° 8.4880x10™"° -4.1939x10™® -9.0601x10* 93
(9719 ~10/19)w 531.8814 -4.4867 -8.0000x10™" -8.0000x107" 1.1720x107" -7.7584x107* 223
(10/19 ~11/19)m 511.2913 -6.2054 -1.7165x107° 1.6407x10™™ -8.0000x107" -5.999x10™> 93
(11/19 ~12/19)7 497.4144 -8.4876 -8.0000x107° -8.0000x10™" —-8.0000x107° —-6.0000x10"> 62
(12719 ~13/19)7 485.5492 -8.9919 -8.0000x107° -8.0000x107" 1.5378x107"®  1.1358x107% 49
(13720 ~14/19)7 469.9214 -6.6311 5.1425%x107° -7.9257x107" -6.3751x107"° -4.6199x107% 43
(14/19 ~15/19)m 456.0848 -7.1956 -8.0000x107° -8.0000x10™" 7.3535x107® -6.0000x1072 42
(15/19 ~16/19)7 433.4260 -12.5182 7.5347x107° -6.9730x107" 1.5926x107"  1.9150x107* 42
(16/19 ~17/19)7 417.9265 -11.4125 -8.0000x107° 2.6429x10™"  1.7383x107"%  2.4234x107> 4
(17/19 ~18/19)m 404.9635 -5.4324 5.3578x107° 1.6632x107"  -1.6290x10™" -5.9802x10"* 50
(18/19 ~19/19)m 398.2970 -4.2414 —-6.1735x107"° -3.6258x10™° -7.9861x10™° 1.0029 x10™* 63
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Tab.2 Coefficients for 19 aspheric equations(x <0) obtained with the
particle swarm optimization algorithm and the projected height H,

pamameters  r=1/C(cm) a, a, ag ag @y H,/cm
(19719 ~20/19)w 392.966 8 -2.0315 3.897 7x10°" 1.056 1x107%  -8.0000x107™" -6.0000x107® 83
(20719 ~21/19)w 396.6972 0.1955 1.196 5 x10~° 3.8083x107"  1.5245x107°  2.3675x107% 113
(21/19 ~22/19)m 406.1175 0.6264 -7.9951x107° 4.0192x10™"° 4.1820x10™® -6.0000x1072 152
(22719 ~23/19)m 428.6279 3.0841 -8.0000x10™° 8.8479x10°"® 9.0751x107" -3.0032x10™> 74
(23/19 ~24/19)7 443.8615 156237 3.5259x10™°  2.9351x10™%  1.6064x107"7  1.3556x107* 64
(24/19 ~25/19)m 449.8256 -0.6933 -7.9989x10° -7.6874x10™" 6.1890x10™7  1.2565x10°> 64
(25/19 ~26/19)7 462.1406 -0.1860 -8.0000x10™° -8.0000x107" 9.7826 x10~" 1.711 3 x1072 70
(26/19 ~27/19)7 473.2687 3.3642 -8.0000x107° 5561 1x10™° -7.9335x10™"® -5.7782x107% 93
(27/19 ~28/19)7 442.9400 -5.7990 -8.0000x10™° 4.8337x10™™ -6.7149x107"® 1.3243x107* 200
(28/19 ~29/19)m 428.4119 -9.5433 -7.9993x10™° -2.7191x10™" 7.6611 x10™® -6.1492x1072 240
(29/19 ~30/19)m 451.1025 -5.9344 -7.9970x107° -2.2429x10™" 8.4790x10™"™®  -9.1033 x107® 200
(30719 ~31/19)7 465.8339 -1.7755 -6.825x107° -4.0266x107" 5.825x10™® 1.7379x107* 94
(31719 ~32/19)7 465.4230 3.9233 -7.8856x10° 5.0365x10™° -7.6416x10"™® -6.0000x10"> 70
(32719 ~33/19)7 454.080 1 3.5165 -8.0000x10™° 3.6594x10™° -8.0000x10™™® -5.998x1072 64
(33/19~34/19)7 443.1604 6.5450 -8.0000x107° 1.6627x10"%  4.6309x10™"  3.391 4x107* 64
(34/19 ~35/19)7 427.6855 3.3420 -2.7130x107° -2.0614x107" -5.3814x107° 1.1622x10°* 74
(35/19 ~36/19)m 367.7612 -11.508 1 -6.4220x10° -8.0000x10™" 3.2540x1077 -3.6167x1072 152
(36/19 ~37/19)m 396.9215 -3.8405 -7.8816x107° 1.3569x10™"® 294 6x107""® -1.2351x10"> 114
(37/19 ~38/19)m 395.4214 2.7253  8.031 6 x10~° 3.4682x107"% -5.6178x107"® 1.0886x10* 83
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Tab.3 Values of R, about the light rays reflected from each aspheric

surface(x >0) of a build-up aspherical concentrating mirror

R./cm
1.0H, 0.9H, 0.8H, 0.7H, 0.6H, 0.5H, 0.4H, 0.3H, 0.2H, 0.1H,

3.4421 2.6468 2.0111 1.4969 1.0784 0.7391 0.4690 0.2624 0.1163 0.0290
(0~1/19)m 4.9971 4.2949 3.6435 3.0300 2.4528 1.9154 1.4233 0.9816 0.5951 0.2671
3.9450 3.2687 2.6944 2.1972 1.7598 1.3709 1.0239 0.7151 0.4426 0.204 9
(1719 ~2/19)m 4.9140 4.3166 3.7496 3.2022 2.671'1 2.1578 1.6659 1.2000 0.7646 0.3638
4.4806 3.8411 3.2636 2.7413 2.2621 1.8181 1.4040 1.0169 0.6550 0.3169
(2719 ~3/19) = 4.9576 4.3973 3.8584 3.3318 2.8137 2.3040 1.8052 1.3213 0.8566 0.4152
4.9569 4.3020 3.7055 3.1533 2.6354 2.1449 1.6777 1.2313 0.8042 0.3947
(3/19 ~4/19)m 4.9726 4.4320 3.9078 3.3912 2.8785 2.3697 1.8674 1.3753 0.8978 0.4385
4.8693 4.3245 3.7937 3.2770 2.7743 2.2851 1.8089 1.3444 0.8899 0.4428
(4719 ~5/19)m 4.8157 4.2740 3.7429 3.2238 2.7180 2.2268 1.7510 1.2912 0.8470 0.4174
4.92906 4.3872 3.8569 3.3388 2.8331 2.3394 1.8570 1.3844 0.9196 0.4595
(5719 ~6/19)m 4.4610 3.9604 3.4690 2.9883 2.5197 2.0647 1.6245 1.1991 0.7882 0.3895
4.9713 4.4253 3.8910 3.3689 2.8593 2.3622 1.8770 1.4020 0.9343 0.469 2
(6/19 ~7/19)m 3.9853 3.5421 3.1047 2.6742 2.252 1.8436 1.4485 1.0687 0.7035 0.3495
4.986 8 4.4347 3.8936 3.3653 2.8509 2.3514 1.8673 1.3971 0.9364 0.4756
(7719 ~8/19)m 3.2853 2.9102 2.5499 2.1951 1.8446 1.5019 1.1731 0.8632 0.5719 0.2907
4.9683 4.4173 3.80604 3.3151 2.7911 2.2869 1.8057 1.3535 0.9261 0.4940
(8/19 ~9/19)m 1.9543 1.5814 1.3875 1.2267 1.0503 0.8427 0.6279 0.4542 0.3440 0.2301
4.9133 4.3268 3.6994 3.3059 2.8250 2.1760 1.6290 1.5312 1.6079 1.2381
(9719 ~10/19) m 4.9133 4.3268 3.6994 3.3059 2.8250 2.1760 1.6290 1.5312 1.6079 1.2381
1.9233 1.7680 1.5842 1.3452 1.0695 0.8063 0.6163 0.5225 0.4550 0.3067
(10719 ~11/19) 4.9690 4.4005 3.8501 3.3126 2.7911 2.2967 1.8392 1.4149 0.9992 0.546 4
3.3285 2.9717 2.6043 2.2323 1.8640 1.5086 1.1737 0.8631 0.5736 0.2930
(11719 ~12/19) m 4.9816 4.4281 3.8873 3.3593 2.8457 2.3479 1.8665 1.3992 0.9401 0.4787
3.9674 3.5350 3.1024 2.6735 2.2526 1.8432 1.4481 1.0685 0.7036 0.3496
(12/19 ~13/19) 4.9750 4.4268 3.8916 3.3691 2.8595 2.3625 1.8776 1.4028 0.9351 0.469 7
4.5189 4.0117 3.5115 3.0214 2.5438 2.0809 1.6341 1.2039 0.7896 0.389 4

(13/19 ~14/19)w
4.9210 4.3777 3.8465 3.3277 2.8216 2.3280 1.8462 1.3751 0.9124 0.4553
4.9647 4.4043 3.8545 3.3173 2.7944 2.2874 1.7973 1.3244 0.8683 0.4277
(14719 ~15/19) = 4.9994 4.4385 3.8925 3.3613 2.8448 2.3427 1.8541 1.3779 0.9119 0.453 8
4.9772 4.4419 3.9183 3.3992 2.8829 2.3710 1.8667 1.3739 0.8966 0.4380
(15/19 ~16/19) m 4.9290 4.2810 3.6928 3.1469 2.6328 2.1443 1.6781 1.2321 0.8051 0.3953
4.9596 4.4055 3.8694 3.3422 2.8218 2.3096 1.8087 1.3234 0.8577 0.4157
(16/19 ~17/19) m 4.4700 3.8199 3.2482 2.7317 2.2567 1.8151 1.4023 1.0158 0.6544 0.3165
4.9123 4.3133 3.7482 3.2063 2.6819 2.1738 1.6841 1.2166 0.776 7 0.369 6
17/19 ~18/19) m 3.9491 3.2732 2.6930 2.1905 1.7506 1.3619 1.0164 0.7091 0.4378 0.2016
4.9806 4.3052 3.6673 3.0568 2.4789 1.9406 1.4468 1.0017 0.6096 0.2744
(18/19 ~19/19) m 3.4772 2.6007 1.9640 1.4632 1.0563 0.7258 0.4632 0.2635 0.1230 0.038 5
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Tab.4 Values of R, about the light rays reflected from each aspheric

surface(x >0) of a build-up aspherical concentrating mirror

R./cm

1.0d, 0.9H, 0.8H, 0.7H, 0.6H, 0.5H, 0.4H, 0.3H, 0.2H, O0.1H,

4.9037 4.0163 3.2361 2.5466 1.9411 1.4185 0.9803 0.6273 0.3565 0.1566
(19/19 ~20/19) w

2.9305 1.8804 1.0535 0.4215 0.0685 0.3631 0.5377 0.5844 0.5083 0.3128

4.8651 3.6983 2.6401 1.6850 0.9013 0.3580 0.3065 0.4734 0.5020 0.3490
(20/19 ~21/19)w

3.0220 1.4580 1.0854 1.3378 1.6219 1.7830 1.7910 1.6327 1.2942 0.7575

4.9528 3.3851 2.0029 0.7792 0.7158 1.3955 1.7681 1.7839 1.4801 0.8884
(21/19 ~22/19)

3.716 4 2.2538 2.5316 3.1216 3.5017 3.6056 3.4318 2.9920 2.2937 1.3180

3.6785 3.5691 3.4326 3.2459 2.9967 2.6753 2.2761 1.7995 1.2535 0.6501
(22/19 ~23/19)

4.9771 4.7277 4.4161 4.0433 3.6156 3.1372 2.6094 2.0327 1.4077 0.7329

4.7412 4.4030 4.0569 3.6884 3.2876 2.8470 2.3609 1.8277 1.2509 0.638 8
(23/19 ~24/19) w

4.9977 4.6460 4.2577 3.8298 3.3671 2.8749 2.3557 1.8098 1.2372 0.6361

4.976 1 4.6428 4.2774 3.8682 3.4118 2.9122 2.3774 1.8156 1.2325 0.6290
(24/19 ~25/19)w

4.8013 4.3691 3.9452 3.5178 3.0782 2.6222 2.1488 1.6567 1.1416 0.5946

4.9857 4.6183 4.2320 3.8173 3.3643 2.8698 2.3390 1.7814 1.2058 0.6145
(25/19 ~26/19)w

4.1515 3.7938 3.4163 3.0350 2.6483 2.2511 1.8411 1.4185 0.9801 0.5149

4.9488 4.6148 4.2449 3.8406 3.4018 2.9250 2.4060 1.8452 1.2514 0.6372
(26/19 ~27/19)

3.3823 3.0807 2.7904 2.4911 2.1801 1.8574 1.5212 1.1710 0.8091 0.4318

4.9383 4.8486 4.3403 4.4315 4.4900 3.8607 2.9687 2.4185 2.1584 1.5415
(27/19 ~28/19)

1.9609 3.1225 1.8935 1.6990 2.1205 1.6569 1.0111 1.3775 1.8132 1.4793

1.5581 1.6006 1.9578 1.6666 1.6566 2.0325 1.5010 1.1551 2.3026 2.2834
(28/19 ~29/19)

1.5581 1.6006 1.9578 1.6666 1.6566 2.0325 1.5010 1.1551 2.3026 2.2834

1.6293 1.6510 1.6924 1.5094 1.3394 1.2384 1.0120 0.9677 1.2459 1.1243
(29/19 ~30/19) w

4.4712 4.4623 4.3392 4.1402 3.9019 3.5500 2.9752 2.3157 1.8161 1.2559
30/19 ~31/19 3.3971 3.1390 2.8087 2.4947 2.1897 1.8721 1.5432 1.2143 0.8800 0.4999
( - ) 4.9874 4.6408 4.2826 3.9016 3.4679 2.9692 2.4197 1.8444 1.2596 0.6579

4.1845 3.7994 3.4195 3.0380 2.6495 2.2495 1.8356 1.4073 0.9639 0.5005
(31719 ~32/19)w

4.976 7 4.6147 4.2281 3.811'1 3.3595 2.8710 2.3468 1.7914 1.2119 0.6149

4.8259 4.3864 3.9555 3.5214 3.0763 2.6155 2.1365 1.6387 1.1207 0.578 4
(32/19 ~33/19)

4.9694 4.6299 4.2622 3.8573 3.4107 2.9219 2.3936 1.8313 1.2419 0.6310

4.9990 4.6512 4.2621 3.8320 3.3681 2.8757 2.3567 1.8113 1.2389 0.6376
(33/19 ~34/19) w

4.7402 4.3927 4.0498 3.6851 3.2863 2.8457 2.3585 1.8243 1.2479 0.6373

4.9739 4.7344 4.4136 4.0331 3.6064 3.1314 2.6060 2.0313 1.4086 0.7350
(34/19 ~35/19)w

3.7007 3.5427 3.4273 3.2706 3.0389 2.7145 2.2993 1.8064 1.2518 0.6478

4.1056 2.2493 2.9139 3.7130 3.9832 3.7588 3.5967 3.7065 3.4632 2.2579
(35/19 ~36/19)w

4.8061 3.4006 1.5656 1.0086 1.7732 1.7894 1.8061 2.3235 2.4945 1.7192

3.1671 1.7593 1.1575 1.3063 1.6080 1.7923 1.8089 1.6482 1.3033 0.7614
36/19 ~37/19)w

4.9865 3.7340 2.6712 1.7572 1.0051 0.4803 0.3650 0.4857 0.5046 0.3497

2.9839 1.9049 1.0800 0.4686 0.1140 0.3126 0.4748 0.5237 0.4607 0.286 6
(37/19 ~38/19)

4.906 6 4.0172 3.2338 2.5338 1.9110 1.3687 0.9133 0.5508 0.2844 0.1095

REZCR 6 (a)  (b) Jg AR LS 5 R
4 FEFR G AR A EROSLBER R B R R AR RO BLRUSCR . MBEIAL
ALV R E 2 B0 45 AR BRI S RO

K6 JH1 516 ZLAMN T ROLHD RBDLHR 1l ve 4 n DLSCEL w5 3R A8, FOEHRSE L2y .
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Fig. 6 Computer simulation of solar beam reflected from

a build-up aspherical solar concentrating mirror
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Fig.7 Light intensity distribution obtained by counting

the number of reflected rays falling in the vicini-

ty of point P’
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Fig.8 The simulation of focusing light of reflecting mir-
ror when H, =H, = 41 cm
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Fig.9 Real picture of a build-up aspherical solar con-
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(b) Experimental result

centrating mirror and experimental results
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