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Design and Simulation of Piccolo Tube of Hot Air Anti-icing System
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Abstract: The piccolo tube is an important part of the aircraft hot air anti-icing system. The diameter and
spacing of the holes on piccolo tube and the inlet pressure of hot air determine the amount and distribution of
the supplied anti-icing hot air, thus affecting the anti-icing performance. Based on the multi-disciplinary
system modeling and simulation platform AMESim, the flow distribution simulation model of piccolo tube is
established, and the structural parameters of piccolo tube of wing hot air anti-icing system are iteratively
designed. The design parameters include diameters of piccolo tube, orifice diameter and spacing. After several
iterations, the values of structural parameters and bleed air flow distribution that can balance the anti-icing
thermal load at the design state point are obtained. Furthermore, the pressure schedule of bleed air for the anti-
icing system is determined. The proposed iterative design method of piccolo tube based on AMESim can
provide reference for the design and optimization of piccolo tube in hot air anti-icing system.

Key words: AMESim; hot air anti-icing system; piccolo tube; flow distribution; pressure schedule of bleed air

BACK BB sl LR B KRG 28R ROk . MIRBTK RGOS, B Al 3 245 By
PR oK T7 2 N R S HL S A s e it DRI P9 BRI 3 K 55 BE T Y e A 5T R B K R e
BB BB 3, R e N SER PR A L A mEAL A A TR A T E 5 A B By vk 2 T R RE M R
Wt 55 ) 52 B 9 AT, BT K XA, TSR BB vk KT XSRS TAE M ETIR R O A AR Bk RS

I f5 H #5:2022-04-02; 11T H #1 : 2022-05-31
WIEEE: MEEE, Lo B8 44 300, E-mail: buxueqin@buaa.edu.cn,

SIAMEC R, EM, G B g, 55 . 3T AMESIm BB K RS IE S W 505 B LT]. B a8 i KR 225 4l
2023,55(2) :258-264. ZHANG Bo, WANG Liu, ZENG Tenghui, et al. Design and simulation of piccolo tube of hot air
anti-icing system based on AMESim[J]. Journal of Nanjing University of Aeronautics & Astronautics, 2023, 55(2) : 258-
264.



55 2 1 ik

e, A% 2T AMESIm BT ok R G BT 5 0 K 259

(0 285 46, AN Bl VK 3R etk e A R 9 . B35 R
RECHUBFGIT 55 1 & e TR B IF R B A R AR
PEAL LA R PR UK R GBI ST TR
BB UK R GE W BRI R A Ak, DR R
XA HEAT BT, DA 5 1 4 B 1L 1 AR R
i AE S T By VKA LR BB vk B Y. A
M T 2 80 3 EA R A A R R mE AL
7 LI EE FLAA B A D51 RE 145 X S S 50
P BT VK R G RE 5 4R 4L 1 $ 5 | R DL RO R A i
YA

ARG T WG MR AR vk 4
A DL R 5 T AMESim B9 5 |00 & 43 i 3
B B RHLHLE B K R G R T
WOBE BT 55007, kA% 1 RE 8% 1 i [ 7K
AT 098 B G5 A SRR S SR ) IR T B
VKRG 51 SR Tyl B
1 HEEERIZITAE

ISP K R G WIS W i, e
TR AIE (55 UK A Ay ) A 4 AR 30 BB R AR A ke
N TS AE R W8 MRS . BT R A
S AU i DA R I 43 T U D X — B RS
ST B UK R T o HE AT R O - AR R
VAR S A5 7 VK A 2 A 43 A 45 5L R 1) oy BB
7551 B vk s JR 1) 4% B A 7 DK A Ao R M 5 SR 5 AR
Gy BERRAT 5 0 IR By K S 1 AEOR A 4% 4%
BBy vk T 5 19 $0 i e S T A A5 BOIAVR
WgE 1 f FLA%R K AL IIBE , DC 2 i 7 A P

W 45 K B0 i B AR dn il 1 s, 20 B
mr:

(1) — gt 4 3 (14 445+ 0 D)7 U s 1) R /N L, AR
P 3 B RSF 78 O b ol 548 R 09 BRI R i e oK

GRS
SHEHRIEED,
:
[ B ALty v
:
EREE TR
B A
Y TN A 5 B~ B T
FRERET,
 a—

&AL B m,,|

K1 g
Fig.1 Design flowchart of piccolo tube
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Fig.2 Schematic of a single section of piccolo tube

WIEHEEMEARLEl, FIHGETA
AMESim, £ # ML 3 37 0K & 48 0 58 8 k=
it o EC A LAY 5E o kAT AT 15 B R 65 1
BB VK R G TR MR A R R DL %
&SR/ T e B O

T SEPRpLEE il 2 Brag B a4l i, H R Brag 3o
SHZBENEE HILEMI R ESF TA R
S HL S A, R A B 3 SRS T
NS AL S B IR E R LR EZ R, S,
B R A AR AR A T I AT VRS B AR
WL RIS, B DL BT R an S Re A B 4
AN FAAE 1A PAR BE E DUAT DA AR B A
BLEEL A LA i o o T4 FA B VK R G2 1 1
A AU 0 I GRSy R R IR R D R
BAAS BRI T B A A TR, ST T A T L
JAE s T BRI S o & g B i TR A rh A A
A E I R T AL B R A AL R AT
AT A5 3] A 113 1 <t 2
3.1 BEABORETE

TR A B BT E 2R/ INAL T I, AT R 4 i 4
b /INFLT 3 B e o

m=A-+C,e

Krfe 7,00 Bl B C, 8 iR 28 C o i i &R
BoA e, i EZ8C, N

2’}’ ./( deWn y(Pdown )y
R('}’_l) Puw Puw
(P;°W")>,6’(Iﬁllﬁﬁ~)

e
R \y+1 R(y+1) \y+1
)

(ﬁM}gﬂﬁ%

up

(6)
X AR AR, 20 (6) i i il AR E B H A
Lty B R %, B

Y

) 71
ﬂ_(erl) (7)

ST AR, eI EE p B 1.4, I R S He R
0.528, 7E il F 0, i 5 280 C, 2 % %8 0.040 4,
SR SR R M ) o B 5 T A SIS R O S O
JFE . Paon / Py B REL

P92 i g 2k B b T AR 28 R i ki AR AL A
P — 8 WY R I o T B 2 Fh T Jd 50 JBE 4 i ) A= 114 80



%2 WL AF T AMESIm BB Ik RS AE it 505 5 261

A R B RE B R SR i i R R C, R IE '3
SEAE R KER AT T REE BRI, X
LR Perry S2 8600 & 2 W =038 C H .

i R C, B R T paown /P B ALY R
W)

c{

((1&Q7PW +46)p“’39)p““+
P Pu P

0.8415 |2 — 01|
Du

3.2 BREREND
N T I ABE RN Sy B, W A R A

BB O IF B R “**EIJEHTE'FH@*HLO

Al #l F AMESim T %9 /) £l (Orifice) JC £ F1 B 48
(Pipe)JtlFo 53 4h, 7 X A A T R4~ 4
ST AN B AT AR v B R R T T R B
SIS IR T AR BE IR R e AT R
MRS, 5] A0 IR TR B A E R ERCRR
FEAH 5 W5 01 A0 Fe 7 AR 9 B 11 AR S AL AR R ROk
lﬁ%o

pdown
Puw

+0.8414

(8)

3% Il 2 5% 3 1 B VK &R S8 R A I T
gfﬁﬁﬁ%ﬁ”ﬂﬁ*jﬁﬁj\ (ST NN NV T STHNETE B
Brag i, ey BAALD 2558 R Eh LT A R Ak
WHE R, RS ER K AW 0 AR
E‘Liﬁl DL A8 BE LR 5 A5 R B A A (7 K8 ) AR

TR E S0 AT A B3 A 0 o R A A I B R
SRR B PO Ak Y R ) R e A
NS R b= SR S (B2 R ik (E R/ g
25 SOA R B AR, K S S LIS 7
m%ﬁ*ﬂlﬁ]jﬂﬁ};ﬂﬁfﬁ/ﬁgﬂﬁ?ﬁﬂéﬁ‘ﬁ,L

ﬁ%%@gmo
45 L 2 0L Bl K T P 8 S48 4490 CFD 53
L5 SRR T B I SR SR 1 P

&?mﬂm
[

bR I
st K Sk

"M?EE‘L ‘M_E”E‘i'

=

o

K3 T AMESim 5 T 4 it B 3 e {7 S 2

Fig.3 Flow distribution simulation model of piccolo tube
based on AMESim
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Table 1 Anti-icing thermal load at design state points
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Table 2 Number and spacing of orifices in each section
of piccolo tube
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Table 3 Flow flux results of each section of piccolo tube

in Case 25
s %gfi '@ifi/ MR/ %
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Table 4 Orifice diameters of piccolo tube
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Fig.6 Mach number of hot air in piccolo tube
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Table 5 Flow flux results of each section of piccolo tube

in Case 27
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