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Numerical Simulation of Control Law of an Aircraft
Windshield Heating System

Lin Li, Ma Qinglin, Chang Hongliang
(The First Aircraft Institute, Aviation Industry Corporation of China, Xi’an 710089, China)

Abstract: The control law is the important part of the windshield heating system design. The control law is sim-
ulated by finite volume method. The influence of the climate on the system is analyzed by simulating the control
rules under the whole flight envelop. The work rules of system in the actual situation are obtained. The final re-
sults demonstrate that system operates at the lower power when it is stable because of the thermal inertia. The
environment has a great influence on the temperature of outer surface and heat conducting film, The tempera-

ture of the inner surface increases when system is working. The control law can be optimized to increase the sys-

tem heating efficiency. It can be provided as a reference to the design for the windshield heating system.
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Fig.1 Diagram of windshield heating control system

B $head 7 — R 2 Fohn IR #4005 =K A s >
RS R B $h b i » #5  BOZ A2 3 i B B RS R
BERBIBEME, F LB R IMRES . FLETHRE,
ARGt AN #GE R K R 32 ) SR AR 48 30

5 B ARE 2 1 i 22 B8 R 3R BE AR 22, B IE i i
i 25 b 8 X P 3 5 3k B By vk Bl 2 B3R BE SR 5
2ot X P g B A HRL G 5 R o o A0 R B IR AR
HUR, RN A

2 EBE5S5HE

VUL S 72 7T 5 X 08 B 5 BB iR i AR
AL B » 2 T 237 0 #4 Dl 2R 5 9 3R B R RS AR
RE . ACELA REBRES XK HETBRS L
HATE.

2.1 EXRBEIE

EHREHRITENER, AT /fsE, 1T E
BESLTE DT IR AR B2

(D R BIAZZ AR B, 4% 1 [F] 4, 4 3
et EE, SEETRK;

(2) PRI IR B R AR AR BON EMH 5

G REPHAZTRZAEMEE, A FES
B » A5 1 B Sl B 5

D (5 BEPHBE T M LR ERE R,
RS B3 1 5 A P R T AL — R AR PR B

22 # &

e L 2 T ) M S A K T I R
BE S . PR SRR TR

oT;, _oT,(, 9T,
o, =9 i3 2oV 4, 1
P T T oy (A 8y> S @

Ao BB BRBNERE ;. A BRBEN L
P NE L BEEHRREL

S Ay AP B 35 R e g K P 8 S R R B B T AR
R R IR

S=aqs/0 2

A e HRABH BB g HRHBHRE; O
R W WK B S5 B 2 B 4 A R IY RRBE

KFHBHRE ¢ SEABE . SE.FW.X
HEEA KRSRAEERMR., ZREEZER
#E MIL-E-38453 #l& B K FHEB SR E TR AN

19
Jqs 7569000 1 T 0- 05H 41130 (H < 8700)

Lls —1375 (H = 8700)
(3
AHF -Hm) A BIREE.



%4

AREN S5 < I BUHL KPS IR AR 0 AR 0 S L 511

BB BEEE TR HRERNITRE TS
SR AR Ab B 75 ¥R R REH T Bk
BRI S AR IR R S i s h &R

KA TR A SR &R

y=0,—2 %‘;’) — W[TO0,0 — T.] GFEE)
y=1L, —2a %3;”) = h[T(Lgr) — T.] (AETED

ey
A b ARSI MR EEHMRE R AR
MRMHEREERREGT. AR [RMEZER
BT REREE; L, ARBEBEHERE,

— B L E R LG REE L ENR
LA, H RPN, A E KM
T B D% B ARGR BB Ok AL, &
OIS IR AR E AR R 2o KRBT RER
T8 X A RS B MED 7 R

Nu ="l —0.332Re*5 P05 (R
’ (5
Nu Z};L =0.029 6Re**Pr>* (ZEHD

AF L ARBUEREEMEEERNER; N
ERNIFRERLGRe AZKEFWEG Pr AZE
B, BRAMERIERN G FHER BN
5X10°,

SR T SHE/NT 2 B, BAMRIBE
B ERENNRERE T,

Te=T,=TH(1+r'C;1Ma2> )

AF:Tu HGEEE LRSI ERE; »
HZENIRNRERE REGMa A T EHE

2.3 k f#

WA T BRRAERAREETER. ARE
Bk B 5 B A E W, BB BN R
WEAA—ERYEE L GFATURIEER S BER
ArEfEHY . HEBEFBRA Guass-Seidel 3%
R B — A B L TR 40 3 5 % 3 5 3 0 R R i
U9, RTREIE, AR EBEBAEER,

2.4 HBIWIE

AT RIED; KSR A T 4, R SCRR13 ]9
RERTHESH - h A BRMTHARKNES
FEIE 2 A B ARNIRRAEN

[}
o~

75 W/m « K, JRE 50 mm; #48 B I FHMAK
A 150 W/m « K, JEEH 20 mm. #H A KEEH
A PR NI R R 1.5 X10° W/m® . 448 A
PG S 2 Al =% T R R P BE R4, W AARE BORG 3R 2 Al
REH—BOKR TR A, KRR BE R 30°C, 3 i #e
PEKHNL000 W/ m? « K, HERSKMAT PR
B R RIR B0 .

T[I Tl TZ
A B
T.
4 .
;ﬁ qa g
h
K, K,
LA LB

B2 BIEBEHAREAE

Fig.2 Schematic diagram of the example
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Fig. 3 Comparison of temperature distribution between

simulation results and reference’s results
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Table 1 Thermophysical parameters of glass materials
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Fig.4 Flight envelop of an aircraft
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Table 2 Program of preheating control
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Table 3 Program of proportion of heating control
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Fig.5 Glass temperature variation curve in hot weather
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Fig.6 Glass heating power variation curve in hot weather
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Fig. 7 Glass temperature variation curve in cold weather
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Fig.8 Glass heating power variation curve in cold weather
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