55 30 5 4 1] AR g2 Vol.30 No.4
2026 4 4 H Journal of Ship Mechanics Apr. 2026

L E G 1007-7294(2026)04—0532-15
BIESHXREE R IR

EEE L EEE, REE!
(1. By /R TR BVAA T AR 22 B, PAJRUE 150001; 2. "P 35 5 U A AL ZE M A BR A F]L LR H 5
266109)

FEE: o 7 ERGERFH DRI S 3o oK v A 2l 2 B T AT, A SC DL 36 [ 8 817K Tt 42 1Y i) SUBOFF AFF-8 #5554 S
FERTGE, R EATZS Tl 6 FA R IR 2SS 8h JIWF5E BT FL-10 XU B & i e ik 5 I 2 A A AR G ik 2%, FHIR
SUBOFF AFF-8 ## 3 B sh FHG BT AR, 28 H T 38 At B i o S BRI 08 i SR Ab 3 vk . 7%
Fi 3h SRR S0 UE P S0 285 R W 5 I BR A DA B K bl 2 285 SR L, XU 8 A5 04 7K 3h o R B 2 Kt i)
TR B e — 34, % 2 T B M ORI (8 T ) 7K 30 0 R B, BRMEU D 00 1 3 B R B, IR 2SI TE 10% L)
W, B AR RS 6 R R T . ARSONARSER ATFIE I AE R B0 3 S EOR IR i 358 T BARSL A
KR RIRBANALS; SUBOFF AFF-8; /K311 R4 3154

RESES: U66l.1 XERARIRED: A doi: 10.3969/j.issn.1007—7294.2026.04.003

Experimental investigation of submarine hydrodynamic
derivatives using wind tunnel model tests
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(1. College of Shipbuilding and Engineering, Harbin Engineering University, Harbin 150001, China; 2. CRRC Qingdao
Sifang Locomotive and Rolling Stock Co., Ltd., Qingdao 266109, China)

Abstract: To investigate the feasibility of determining submarine hydrodynamic derivatives through wind
tunnel experiments, this study focuses on the SUBOFF AFF-8 model proposed by the David Taylor Model
Basin (DTMB). Using the linear and rotary oscillation mechanisms equipped in the FL-10 wind tunnel of
Harbin Aerodynamics Research Institute, AVIC, wind tunnel tests were conducted to obtain the
hydrodynamic derivatives in the vertical plane of the SUBOFF AFF-8 model. A data processing method for
evaluating submarine vertical-plane hydrodynamic derivatives based on wind tunnel testing is proposed. The
validation results indicate that the hydrodynamic coefficients obtained from the wind tunnel tests exhibit
trends consistent with those from the DTMB measurements. For the hydrodynamic coefficients used in
vertical-plane maneuvering and stability predictions, the discrepancies are all within 10% except the pitch
moment coefficient with respect to angular velocity. This demonstrates the feasibility of the experimental
principle and methodology. The work lays a technical foundation for further studies on wind tunnel test
methods for submarine hydrodynamic derivatives at large angles of attack.
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Tab.1 Simple harmonic motion test conditions of the standard model of SUBOFF submarine in the

wind tunnel
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Tab.2 Subtraction results of the corresponding in-phase and orthogonal quantities of pure heave blow-
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Fig.7 Histogram of viscous hydrodynamic coefficient varied with frequency obtained from pure heave test
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Tab.4 Acceleration coefficients of different frequencies for pure heave tests

P/ (Hz) 7, (off) z;, (on) M, (off) M, (on)
0.7 —0.009 09 —0.012 60 0.000 432 0.000 674
0.8 —0.010 00 -0.013 59 0.000 237 0.000 278
0.9 —0.011 22 -0.014 10 0.000 013 —0.000 036
1.0 —0.011 65 —0.015 10 —0.000 231 —0.000 376
1.1 —0.011 89 —0.014 02 —0.000 486 —0.000 611
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Fig.8 Histogram of vertical acceleration coefficient varied with frequency

WO KU L A TC AU B0 i B2 R B0 AR, AT & “ SR iz sl " ik, ik 4 51 8 Al Al #it
FRRT 0.9 Hz J5, H XU XU 56 3R 75 1 It B2 28 504 Lo Bl 77 36 1 28 8 K ) 1038 B ( Z, =
-0.014 529, M}, = —0.000 561 ), FAFARIE, BT RE RO Ad B2 R AL = T /5o RTATIA, th T
JK B B B 2 SRy s S I 800 A, X T A AL BY T, WA A B P ) e s AR g D i R 2
SUBOFF AL i 5 A XS FREAN B 2, R AR K /IR IR 25, o= 2B A AT 48 [R) QAR DS,
BIN4E IR 40 mm, #53 0.08 Hz I, JAABHE 1 FE A IR(EAL 294 1.02 N-m.,

TR G2 R T AT I Y S il g LA A E R O R A B G M R R, R
MBI 1.0 Hz DA F (R Y P X (B A XU B9 I E 25251, 4nsk 5 fis .

x5 AFATMIRKEINEE RHENESER

Tab.5 Determination results of acceleration coefficient of pure heave test

VSIPAES 7, (off) Z;, (on) M, (off) M, (on)
R =R 55 SR -0.011 77 -0.014 56 -0.000 359 —0.000 494
Ze MK i G 25 R -0.014 529 —0.000 561

R 19.0% 0.2% 36.0% 11.9%
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Tab.6 Subtraction results of orthogonal quantities corresponding to the blowing test and the windless

test in pitching motion ( 6,=1°)

¥ /Hz 6,/rad 7o — Zo"/N Z,+Z, M — M/ (N-m) M,+M,
0.7 0.019 52 4.9350 -0.022 15 3.0086 -0.003 010
0.8 0.019 49 5.7280 -0.022 53 3.5595 -0.003 210
0.9 0.019 01 6.4873 -0.023 25 4.1869 ~0.003 450
1.0 0.018 58 6.7422 -0.022 25 4.1881 -0.003 173

&7 MRS X RIREX T EZEEBER (60,=3°)

Tab.7 Subtraction results of orthogonal quantities corresponding to the blowing test and the windless

test in pitching motion ( 6,=3°)

BR Hz 6,/rad ze —Z8/N Z,+Z Mo — Mt/ (N-m) M, +M,
0.7 0.055 08 13.9979 -0.022 26 8.6497 —0.003 158
0.8 0.054 94 16.0989 —0.022 46 10.0381 -0.003 215
0.9 0.054 76 18.0445 -0.022 45 11.3191 -0.003 233
1.0 0.054 64 20.1359 —0.022 60 13.0595 —0.003 365

& 8 MM AE T XURIEXT R E X EHBER ( 6,=4°)

Tab.8 Subtraction results of orthogonal quantities corresponding to the blowing test and the windless

test in pitching motion ( 6,=4° )

4% /Hz 0,/rad Zo — Z°T/N Z,+7, M —MF/ (N-m) M, +M,
0.7 0.071 88 18.5689 —0.022 63 11.6389 —0.003 256
0.8 0.071 98 21.0235 —0.022 39 13.0657 —0.003 194
0.9 0.071 38 23.4640 —0.022 40 14.8329 —0.003 250
1.0 0.070 38 25.6633 —0.022 36 16.6110 —0.003 323
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Fig.9 Histogram of the combination coefficient varied with frequency for different angular amplitudes
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Tab.9 Measurement results of trim velocity coefficient

. N Z, M;
K3 R
9,=1° 0,=3° 0,=4° 9,=1° 0,=3° 0,=4°
TR 00 e 55 -0.007 989 —0.007 883 —0.007 885 —0.002 745 —0.002 750 —0.002 761
Ze ik M Ie 5 S -0.007 545 -0.003 702
R 5.9% 4.5% 4.5% 25.9% 25.7% 25.4%

H1 00 5 S /) i R AR A 358 [ U A R AR HE 1 = 77.17 kg - m?, 5 5 Z BT 3R AT A WLt
L B EE AT KRS A 1 [RIRE R, 15 B4 050 s B2 250, S5 RNk 10 Fow, Md iz £
KB ARA A ANIE 10 B

& 10 TR IS & 55 B9 i B R4

Tab.10 Acceleration coefficients for each frequency of the windless pitch test

ZL; M;
Jii % /Hz
0,=1° 0,=3° 0,=4° 0,=1° 0,=3° 0,=4°
0.7 0.001 226 0.000 922 0.000 156 —0.000 306 —0.000 320 —0.000 407
0.8 —0.002 116 —0.000 104 —0.000 386 —0.000 307 —0.000 484 —0.000 488
0.9 —0.001 105 —0.000 290 —0.000 755 —0.000 477 —0.000 493 —0.000 737
1.0 —0.000 668 —0.000 560 —0.000 804 —0.000 656 —0.000 869 —0.000 992
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Fig.10 Histogram of trim acceleration varied with frequency
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Tab.11 Measurement results of angular acceleration coefficient

ViSSIWIEY ¢ Z; M,
IR 5 5 5 —0.000 780 -0.000 739
Z A B0 25 -0.000 633 —0.000 860
T 23.2% 14.1%
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Tab.12 Balance 18-DN6-96A static calibration performance parameters
78T MiE 3/ N B 3/ N B3/ N R (N'm) &5 1%/ (Nom) - R4/ (N-m)
Bt £15000 2500 +2000 +600 +2000 +1600
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Fig.11 Wave function fitting of vertical force Z under no-wind and blowing conditions at 1.0 Hz in pure heave tests
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