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Civil turboshaft engine induction system icing test

SONG Jianyu's WU Jingfeng', QIU Changbo?,
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(1. Airworthiness Certification Center,
Civil Aviation Administration of China, Beijing 100102, China;
2. Hunan Powerplant Research Institute,

Aero Engine Corporation of China, Zhuzhou Hunan 412002, China)

Abstract: Focusing on the content of China Civil Aviation Regulations CCAR-33R2 arti-
cle 33.68, a test method for turboshaft engine complying with airworthiness regulation re-
quirement was provided, including icing critical point analysis, icing certification test points
determination, engine icing certification test. In combination with the turboshaft engine op-
erating envelope, critical point analysis was conducted to determine the icing certification test
points. Several icing calculation points were selected in the icing envelope, and icing posi-
tions and amounts were calculated for each point. The calculation results show that the area
where the temperature is close to 0 C and the altitude is low is the zone where the turboshaft
engine has a significant ice amount. During the icing test, the temperature points at which
ice formation just occurred and the amount of icing was the largest were found in the temper-
ature range of —4 C to —1 C. The test results show that the temperature point with the

largest amount of icing is the most severe icing test point.

78 B 9 :2019-11-09
HETIB 15K %H4%(201901750002)
YEZ B A R (1988 —) B, TRLIM L A 1, 3 58 T R T2 % sh WL A LI 00 103 it o 8 S5 R T4

E-mail : songjy_acc@caac. gov. cn

SIRMER R T R A g B A5 BRI B R B BL R G A ok U [ ], s 3 ) 24l 2020, 35 (5) : 1089-1098. SONG
Jianyu, WU Jingfeng, QIU Changbo, et al. Civil turboshaft engine induction system icing test[J]. Journal of Aerospace
Power,2020,35(5):1089-1098.



1090 o= @ o R

%35 %

Key words:

airworthiness; turboshaft engine; induction system icing;

icing critical point analysis; certification test

1960 4 1 H 18 H , L HE E# M= — LA 4
BRI K SHHLH Viscount N74602 B K AL, 1E 4
2. 4 km 5 2 HIB LS KRB &7 b T RAT UK )
IR K SPLBT K R G, 4 & RSP E 2R
Ko CHUISEEA S, 46 Z K A TFEmAME , 1982
1A 13 H, — B EY Bk s A r S
737-200 AYTRAL , 7E My TE SE R I A, TR LU
gh vk, IR I & s AL H 4% JE 4% (pressure ratio pt2
probes) 45 vk, S HUE CHE ) 5 TH 1A B H R Sl
He g WoRE R R, A ALK BATE T4 T K
70 NBXES . 2008 4F 11 H 23 H, —ZLBRE
AS355F1 RIS F FHHLE A 45 vk A 55 5 A 5%, Dt [
Z 2 JIT T 2 1 T8 Bl R S AL K 3 T ) 3R AR
KU, b = A MEER R T L A TSR R
Ji R 5 kg HLER AR 45 vk oG .

CHLE E T HLTE S5 UK SR A RAT I K BBl
HEASCE N TE L SCHE R KUR /1 R 2 AT RE kAR
S5 VK X BEER A Y 45 UK A A5 2 AR G i T AR D
AN R SHLIR A ZS Kb S BOR S )
TR e 2 5] R AR kS 4. & S LTE M
T 25 VK 25 T 12 A58 47 B vl g ol RS VK 4
A E B I 25 VKB I L T RE 2 AT 0 EE L 1Y
IR B AL s 5 A5 R 45 0K P e 5 B0 3t
fils N 4 R Sh AILAE ) s A IR .

T TARUESS UK & T s 171 % 4 R =
RN & B AE B S A R IR BIE N Y 3R
B 2 58 AT B 5 5 4 W 8 = R S LT &
WM EA AL S . E R AT R CCAR-25 #
5 CCAR-29 #1045 25. 1093 &—— X R4
Bi7 K s 43 0 DA RHIL 5 L T AL AR BE R R Bl B R
RGBT UKAR T ARG BRI
CCAR-33 #45 33. 68 4&c— X R G 45 vk, ik
— 2 R Sl BIL A R0 a3 A0 G 45 oK Y O A 2SR
T AL e,

[ N M A0 06 T 25 UKk 0 1 5 158 5 vk i B
DR (N < I N i | I o ) o o
FEN B R S AL B4 UK 56 A 6 1 IS A AF A
PERFSE D . A SCHIGEIE AL L = 22K TT e 11
R HLIER R GG KRR AR IR 25 5 . o
BT T S5 7™ T 1) 285 KT 50+ Sy JHC At 785 3 el 4 s AL
T AT ICUE P2 A %

1 EMHMEZER

CCAR-33 #45 33. 68 4543 (a) . (b) W 3K,
Horpr Ca) 3R X 28 itk A 250K 5 2 I 45 0K 1 15
Ch) AT X i i 25 e R 45 UK 1

33. 68 Zf () R EEK “TE i B R JHAL = =46
25 FRBHF C v JLRE R 3 S dic R B IR) B 4 R 45 vk
RN LB HLAE A AT D) 0 (4512
BN AR AR S LR AR B B B R e &
AL A 55| 2 A B HE ) ™ R Y 45 UK
B, 33,68 4% (a) 3K H R 1E i SE i K45 1K
(continuous maximum icing, CMI) 55 [a] W fx K 45
PK (intermittent maximum icing, IMD) T X} 14 %
RENHPERE AT VRAL . WA Bl A S MLTE R AN R AT I
SRR P AN R B R i g sh L AR G 1R T 3R
s e AR RN BAR R AR R S PR Bk
B R AR B B KT S A 5] R
149 K SIAIL S B A AL AR 3 AN e 3 5 A0 SC A Y
BT 5 457 2 Ty % /4 3 5 R AN &L 1. 504 5 Ik B
E /TR I D)2/ HE T LA SR AL
I S 5 DUAS 3 AL 5 B M IE R T R E Y BR A
g SR AE & ShHL e B Tt

CCAR-33 ¥ 68 2% (b) 3R “ e I FIR 25
1751 B UK B T 48 42 30 min, AN HY A F 52
W7 ZEUOIRES R H = B IRAS K A i (liquid
water content, LWC) | = J2 /K i F ¥ FH 8% H &
(mean effective droplet diameter, MED) #1 J& [l
ZRRE AR PES . (b)) O ik = AR
et A HC(E T RIS 0 B R L B R Y IR R A
—9~—1 CZE IR GHEKALT 0.3¢
I HPF A EARA/NT 20 pm K BRI XA
FE AR b (b ECH I F UK S KRR HIHIL
I [B] 75 b T 45 57 B2 R S Sl B DA T 18 4R
BT IR Bk R EEIE .

HE AR o (b ik 225K “ DA R T 5 al #E T AT
MM IE . 78 30 min 18 208 W), 1% &k sh bl
AR B B R A Jeg 52 4 O 2 S0 4
B B rp S T R U . RN
TR BT HLC I ] M A R IS AT AT DL AR
Ko 2R SHLE 1 s i L 23 ik S LR
SR L 3 B UK v AR o TR I TSR
— TR T 450K G R S L PR RE S IR AE 00 . o5



LR

R T4 RT IR 2 Sh L R G4 vkl i 1091

—J5 T T B UK N K S LIS B i 5
Wi o S A7 6 JE G TOUEEOR L LA PR 1 e T S5 5 S0 ]
AL Ao JE S T e a2 A 1 5 BT A S LER vK
B,

2 RBATEHAR

ARICE 197 CCAR-33 #58 33. 68 S &
AT BRI T RO W T e B 2 5 R R
ML,

BEXE R i & gh AL L T R R G
DRI B HE AR A, RIS DK O B s 0 A
(critical point analysis, CPA) , 4% yK BUIE i 36 &5
TESE » LA K AL S DR IBGIE I3
2.1 SkXERTH

S5 UK KA S T (CPAY R E A B Y R S L T
VEAL LRI [ 38 3k 20 BT 00 07 1% 180 A A Ry ™ T 1
ZEUKZRAET . CPA 20 M i Y & 4% HL 38 A B
o A SR A 1 0 A T Oy ™ I Y 45 K AR AR T AE
S5 VK BGIE I 56 Hh X 3 28 45 UK 25 1F T LA SR IE .

FFIE CPA 438, 2% T 45 VK R 58 . & 3h L T
RS X 45 UK A7 B 00 52 s I 2% 1 VK B % K i
A BT RS L TAERR MR . YANG Bin §
ZHOU Yanpei 4+ 48 7 PX6 %42 % g #L1 CPA
Iy M TAERY

TETFE CPA 40 b i &1 %R 56 & sh b 45
PR, 25 08T RAT 5 L R T T AL 25 VKRB R B
PFLTARRSSFE R X F &5k, It b T
S5 VKA B UK B VKR oK e s LR R i AT
AL

FEXE CPA 43 Br i HAR 9 25 O i 2 3 i 22
KK FENSAP-ICE fij 5 T H I Jig T 45 vk F 1
(4 RE et ST FE 23 BT o 25 IR 0 BRI i R Y S T L 4
J& 5 VK i G ST A BT T A s AL PR T TE 1Y
VKT B PERE MR . 25 58 T UK EVE S B &
SHLEEF 43

FIH FENSAP-ICE fjj 5 T. 2 g CPA 315
IF L 561 1 45 VKR 1 i 5 vk e AR L T A K 45 Uk
JERE 45 UK A 1 K AR R B A e KRR K
T WCER 2 BB AT B KT o R PR A L 4 DA FR
P8 A SR I G a4y BT B 2 358 R FH 45 K A A o
R BHLEE VK G R

CPA 437 J& Sk - 3% Eb 3 fiig B 55 0 af 2R 1Y)
T T A TR 1 4 UK AR DRI TE B AR B I
K T AEXS e . BRFE#& 4 CCAR-25 #fff 5% C
TR A 1) 3% S A K4 DK ORI ] W7 e R 45 DKL A K

PR L R A A A AT R O S S e o M T Y
gEyk &, CPA iR id 1 s .

| wEsksr |

}

| RHILLAERS |

| Wiz Skt |

| mkEmkaw |

K1 CPA e
Fig. 1 CPA process

D) W S5k & F . & s ML vk i 2
RES B HE: KA E K3/ %A%
(MED) i A K &&= (LWO) .= 2™ .

KA BE 23 5 W A 7K o Bl TR B AR
T 2 = (stratiform clouds) i & 1 = (cumuli-
form clouds) , &K & EAF & F B, ¥ KK
WAL T —5 CHb, 450Kk = )2 H B A %t & ok
REEAR . BeAh, S5 VK i 2 BRI IR 25 52 K
TR E SR . 7E TR RE B R S R VR A R
WA K & B 25 vk vk B Sy B UK 5 7 I R IR
B R 45 2R BB R WA K T3/ 45 KK B Ry
UK.

CPA 4y Hri, S HRER 1 3 UK 7394 3 H
14 20 mm, IR A 7K o AT B EE AR A B A
K B A%, 72 CCAR-25 #EM s C 1y B3R b gk 47
VEE. FEBLIERE I, o] DU 248 B AT A K
R DA 25 A% 2 R 5 Dy P

2 JZ R 23 5% W BT AL R O 2 )2 I ] 2
B 7 A 45 KGR I 0 B ) AR AR . 2 B AR
WG 17 4 3 B B2 B AR K-S B Ry
2.6 L BOUE RS % sh L BT BC 3% T ML ARG
FH QAT B by foe K RAT U (280 km/h) 5 & 0%
ML AT E (150km/h) . HAHLE LR A K
7 BE N ZE AR MESS VK = J2 I ) L3R 1,

%1 FHEEKEEHE

Table 1 Time of traversing standard icing clouds
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Table 3 Icing conditions on ground
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Fig. 4 Ice amount versus atmosphere temperature
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Fig. 5 Ice amount versus altitude
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Table 4 Icing critical point zone 1

t/C B /m i /(km/h)  D/pm B[] /min
—1.0 1200 280 20 17.1
—1.5 1200 280 20 17.1
—2.0 1200 280 20 17.1
—2.5 1200 280 20 17.1
—3.0 1200 280 20 17.1
—3.5 1200 280 20 17.1
—4.0 1200 280 20 17.1
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Fig. 6 Test time for icing critical point zone 1
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Table 5§ Icing critical point zone 2

F5 ¢/ C @B /m @/ (km/h) D/pm W/(g/m*)

1 —1 0 0 20 0.6/0
2 —5 0 0 20 0.6/0
3 —9 0 0 20 0.6/0
4 -5 1200 150 20 0.7/2.4
5 —5 1200 280 20 0.7/2.4
6 —5 1200 150 20 0.7/2.4
7 —10 1200 280 20 0.6/2.2
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Fig. 7 Liquid water content uniformity calibration
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Fig. 8 Icing tunnel test
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Fig. 9 Most severe icing test point intake pressure drop
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