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Shape characteristics and application prospects of a new heteromorphic superelliptic equation

Zhouhu Wu
School of Environmental and Municipal Engineering, Qingdao University of Technology, Qingdao

[ Abstract] A heteromorphic superellipse is a planar closed curve with a single symmetric axis, which is
frequently encountered in natural environments and human engineering designs, and thus it is of great academic
importance. In this study, we define a standard equation for a new heteromorphic superellipse with four parameters
comprising the half-length (half-height), half-width, richness index, and skewness index based on the planar
two-dimensional variable-coefficient isoconcentration line equation for advection diffusion substances in wide
rivers and specular image theory. In addition, we derive equations for computing the area of a heteromorphic
superellipse and the volume of a heteromorphic superellipse revolved body. We show that the richness index only
affects the degree of fullness and the skewness index only affects the distance of the deviation from the origin to the
maximum width line of the heteromorphic superellipse. Furthermore, we present the characteristic parameters for
20 heteromorphic superelliptic shapes, such as an egg, aircraft cross-section, torpedo, and flying saucer. Based on
our analysis, we conclude that the continuity, smoothness and integrity of the heteromorphic superellipse are good.
The practical applications of the heteromorphic superellipse in areas such as tunnel and underground engineering,
civil and bridge engineering, liquid transport containers, aerospace and underwater vehicles designs require further
structural and fluid mechanics research.

[ Keywords] Four-Parameter Curve; Heteromorphic Superellipse; Geometric Property; Richness Index;

Skewness Index
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57 1.80, MREEFTLARRE O FFEFR BN 1.90; BEKIMRIE (e=2.1E-09) /), KiEMMWEE (e=0.717)
oK fEE . Wu-1. Wu-2 Il Wu-3 SR HI6 R BRI A 0.368, XS, SEH . ACEEFIAR TR KR EE S5 )9 0.463,
VRIS BRI IREE AN 0.670; IBFERITEKEL (0=0.24) /), KEEMITEKEL (0=1.25) &k WM. M
TEAI TR B S LU/ N T 0.30, SR ARSEFA RARA SE K ELI KT 1,005 CERAI AR R EL (1=0.318) /),
Wu-1. Wu-2 1 Wu-3 IR R AR R (u=0.881) Kk R CHIHL S &I ML A A S
(=FFEFR BN p=2.00, T AR 22 202 AL R R > A1 B BT > 98 FE A ) T

=1 LHER/ ERNREEHESESH—R

EAS K 2a/em % B 2b/cm FEEFRE p T BEFEEL g e & i = A AR R HL 1
A 6.00 4.30 1.95 1.30 0.463 0.717 0.782
o1 9.20 6.30 1.80 1.20 0.435 0.685 0.775
PR 7.65 7.80 2.80 1.30 0.463 1.020 0.833
UIES 2.50 2.65 1.90 1.30 0.463 1.060 0.779
GIRSE ity 414.70 399.00 2.00 1.37 0.481 0.962 0.782
BRI 2a 2b 2.00 1.25 0.449 — 0.789
iy 2a 0.52a 1.60 2.00 0.607 0.260 0.692
TR 2a 0.48a 2.00 2.50 0.670 0.240 0.685
Wau-1 2a 1.67a 4.00 1.00 0.368 0.833 0.881
Wu-2 2a 2a 4.00 1.00 0.368 1.000 0.881
Wu-3 2a 2.40a 4.00 1.00 0.368 1.200 0.881
By 2a 1.71a 4.00 0.05 2.1E-09 0.855 0.542
i 2a 0.66a 0.95 1.00 0.368 0.330 0.669
T 2a 0.52a 1.30 1.30 0.463 0.260 0.713
TR 2a 2.50a 0.15 1.44 0.500 1.250 0.318
WA R 2a 1.70a 1.80 2.50 0.670 0.850 0.665
K * 2a 1.20a 1.60 3.00 0.717 0.600 0.598
TRt 12.40 4.80 1.30 2.10 0.621 0.387 0.512
P& 8.00 3.20 1.10 1.40 0.490 0.400 0.546
il O 30.00 20.00 1.90 1.10 0.403 0.667 0.787
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R 1 T LUEH, R ST ) S R R AR AR AR PR ARG R A 2 g AR aE ik
BT A, Ry EEREY, SMARIRAES BARBN TRIER LR ES . Fit, FEEE
A LA B AR A (AR, YR SERIRZ 2R Ak, Jelf. SIRARET
SRR, — AR B BRI e AR AT TR K 2 A 2™ B R e
1 [ E 0 TR B

BIRER 1 TS B/ S R R S HOZ R i AR i 2 /MR ARk, (HA] LUE NS
KRBT A7 R W Se i iR AT S LR W, M LA SO AR e AR I ok UE, 283 B i
A XA MR ETEAR, £ AR TR TR ERE L. B 10 (@ (b)) (o) hlghtfafE. «
TEFNRS BRI =R . EVEEIRT, GIBR T S A R R 1 B A RS BRI 2R i 7, BRI B AR &
XN x= (0.25~0.75) 2a, #SERPIEZEXEN x= (0.10~1.00) 2a.

(a) &F (b) TKEE (c) HASIK

10 JUNZT B E nes R p) = 4R

S Sk th 28 5 Haack Wi MO ELEe: SR EIR%L p=0.95. (WMZIH%L ¢=1.00 i}, £ 1 FRE
R B Sk 2k 5 C=0.667 (1) Haack JEIMZW) & R 4T, HIYHHR1RZE RMSE =0.0046, FHEFR% R?
= 0.9999; 4 p=1.55. ¢=1.60 I}, ST HMHE FILH 25 C=0.333 ] Haack &%k (FxH Y LV-Haack,
Fes e KRR R B NI HIZRD Wid RAF, HI7iRiRZ RMSE =0.0124, HXHRE R> = 0.9989; 4
p=2.00. ¢=2.00 i, SEIEABRAF S EZEAN T C=0 (BRI A LD-Haack, N4 E KR EAR N EcNH 77k
2, Wt R-RITMZ) 5 LV-Haack 2 [A].

5 MARI®

ENR R R RIS, BREMWMERLFIRIR, —RELKER, H—=ME (FED . |
T A O A R B A BERIE TR BRI b, A TR RE . BSBAINEE. T
PAK, BETHITA T AR 5 BRI 5 ) B 4ER R TBR 1] . EL 3 Piet Hein AT, 77K HAT SUSH X FR A e A [
FRpneLiz P,

U AT FRE IR — 2 0 3 TR I 2 i % T A8 7 i ™ 0 7k e by U OV 5 BAT e R, ARf B 9T B 2R 4%
LB AR A R A R B, AR, A SRRV S SR R R R, R KT
MATERI . ek ATER . KPR NUATES 2R 5E 2 8000 B/ R e R .. REEMEE (R
A AT B RR G LI N AN ZRESE. e, BAAMELE, B4 G3 iR YNES:, nLUES R
FV PE FR BRI AR R TEARGSAE, ATk s, R, B cBlRZEEE .. ARBK I R 5
TR, R, SR [ E A e R B R A A

(D BFEEHh TR

Y p=2. q=1 I}, SIRHMRIE J7 RE iAo R R D7 A, R mT SR T 2 % o T A DR 1T AR 7K L B VIR B 1 )
Beitah, ERUERCE . X8 BEE A TS R TR, KB AR IR T B 2 b R IR 1 A5 B AR
FIEMERA A RAFHIE M. fEAMBEIE KPR, EREMESIATHREE. WEE. =%
AP 255 S R M T T AT 55 45, BR LWL AMC BRI AR . KM ZEN, BEARInmagaH5E, it
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— G LA R A, IR — M A B B PR T B AR 1 S AN

(2) EHEMHE TR

BGREE EEAE R, FEMEWAT NH FERESN . AR . MRS E WD Y
MR B () W— @SR, T COEE s R T RS G AR T
FORMm I Fa A R G B L (MDD RIS TR, B RE ORI LA BRZR IRk T Sk SRIgEA
AR

TR S K R T ATk (R B WAL B o R e b B L PO SR I T DE e S HO
B FWEERATE . TR IR BIMBIEAR, 58 54T 0 SEI KR BE /N O SO AT ZE K /NEAR A

(3) WtkizfifE

LR RIS BRI IR 2 R . MR . R TR 7 TR 4, (RS ol N, Hil
PR RE T T P 0 CELAC ) EREUR o B A, AR V000 22 R M iR 5 PR 22, S e IO S T I (p=2~
104 g=1) V443 S e A Wi T T R R 8 1=0.795~0.947, KT [ AR [ ) THI AR R 40 1=n/4~0.785, Hig KME
INSHETEAZE 5.3%, Bl 7R R FIE M RS s Wi e O bR = S 2%, oK
TFE 7.0%, AT AMERAAOS R EE R ARTEAT B, RRITESSTE B et .

T REAVAIE Eb R [ (RS T T AR e R JICE SRS, BRI ER R 2/ BT e . R,
S A [ VR R J S B AE iR IR B PR LT, e 2 O AR A I i R R B TR PRI

(4) RATE 5K AT 8%

HOL AT RS SOK TP AT S BT T AR 2 IR . R ERTL, S RAT RIS, BRI
A (p=2. q=1) FCIETEREWIT 1) A TR, SR N GUkoz i el R 23 AR LA T &
TR & s ET MBS % AE YR TR E L, AR T3 TRE .

XK BUATERIN S, KA EE F A6 L ETE W 0 F3sm sk, FFAEANRDASEEE,
KT RS PN M )2 BB R E R AT O 7.0%, AR T /KB TT 8 T 7
BORAS . B, X —METF 2 SRS XORIAE A 5 3 B L AT R

(5) FEAMTZ M

% Hein Bl —FE, SR BT R T 5 B TE S SR E R a B i, ad 44
ML BHL, LR 2 — AN RSO T R A R, SUD—ANKERRE L0 . SR [ B 4t 2 e
B (), ATRLEFIE B T 2R/ ERR L .. AR B, K. B, . THE. tha.
W, RiZEA. Zdr. BOERIL. EE. B, SRR, SSRGS R IHE.

S PO 34 M A 50 (0 6 A P R pH R AR A A, AT IR T AN 50 oMb 3t R B DA IR 2%
SR . IR EAR, T AR LA R TR R GV SR UM R g . R AT R
RIS )R -

6 L5t

B 58 BT ST TR 478 R A IR SO R A SR P 2R 7 RE R T BGRB8 ST — Bl A XK
VU SHCFBAGEE (7 Wa's #1I28) b7 RE, WFF0 T S ah I (0 P R AR A0 S FH T 5%

(D SRR GRS AAEKE (o) FMBEREEE (b)) 2 AN USE L EERE (p) Tl
BE (@ 2 DMRRSE. ST RILEE TR B R0 SN P = RE R, O B 48 25U S S TR A [ e
KB T 2 At 5 5 s (P A K B

(2) HESH R MR IR AR S TR RES mORKK AR R 5 B IR S H R B 6
S8 x T WP RREHD 180 BERFEARIIMFIA e ST R B B KA TR g R e 2 e T T AR P 3l A, 45
S T B e i AR R AR R B S A R R R
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