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In this study, the evolution of thermophysical and rheological properties of Aeroshell Turbine Oil 500 during its service
life was experimentally investigated in two helicopter platforms operating under different conditions: a Military Attack
Helicopter (MAH) subjected to severe thermal and mechanical loads, and a Military Utility Helicopter (MUH)
operating under comparatively milder conditions. Engine and gearbox oil samples were collected over 200 hours of
operation at 25-hour intervals. The experimental analysis included measurements of viscosity, thermal conductivity,
density, and specific heat capacity, along with the evaluation of thermal diffusivity and rheological behavior. The
results indicated that oil degradation in the engine was significantly more severe than in the gearbox. Kinematic
viscosity increased by 34% in the MAH engine and 25% in the MUH, leading to a proportional rise in frictional losses.
Thermal conductivity decreased by 23.7% in the MAH and 18.9% in the MUH, reflecting a reduction in oil cooling
capability. In both platforms, specific heat decreased while density increased, indicating structural changes associated
with thermal aging. Rheological analysis showed Newtonian behavior in the gearboxes of both helicopters. However,
engine oil exhibited nearly Newtonian behavior after prolonged operation and transitioned to mild shear-thinning
behavior in the MAH engine during the final service stage. These findings highlight the importance of continuous
monitoring of oil thermophysical properties in high-load aircraft systems and provide a basis for optimizing
maintenance strategies, lubricant selection, and thermal management system design.
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Engine T400-CP-400 ['l}lwin-Pac) Lycoming T5508D
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Engine speed (rpm)*1000 20-30 20-30
Weight (kg) 3500 3422
0il Temperature (°C) 80-150 80-120
0il Pressure (bar) 4-10 4-7
Application Fighter Transportation
Maximum speed (km/h) 277 260
Ceiling (m) 3200 5000
Gearbox Single-stage Dual-stage
Gearbox oil temperature 80-140 80-130
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Gearbox oil Pressure (bar) 5-8 5-8
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Table 2 Comparing the results of the current study with previous research

. . O
Vlsco:::l};i/l:)"'o c Density (g/cm3)
Shell [42] 23-25.4 -
: 0.999
Cican et al. [43] 25 (at22 )
Experimental 25.1 0.986
Measurement
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Fig.1 Thermophysical properties measurement setups
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CSiadaari (elsd (5555 51l (sl dilolus s kg pe slla> 10)3 g s (¥ Jyaz

Table 3 Accuraci and iercentaie error related to thermoihisical iroierties measurement systems

Thermal Conductivity 0.0001 (W/m.K) 1.30

Density 0.00001 (g/cm3) 0.031
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Table 4 Viscosity of gearbox and engines of 209 and 214 at 40°C

_— Eng 209 Eng 214 G/B 209 G/B214
(mm2/s) (mmz2/s) (mm2/s) (mm2/s)
0 25.10 25.1 25.1 25.1
25 27.20 26.06 25.26 25.33
50 28.09 26.66 25.38 25.56
75 28.60 27.45 25.79 25.79
100 30.32 28.23 26.03 26.03
125 30.59 29.57 26.12 26.26
150 31.86 29.80 26.22 26.49
175 32.78 30.59 26.36 26.72
200 33.71 31.37 26.43 26.96
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Table 5 Thermal conductivity of gearbox and engines of 209 and 214 at
40 °C

hour Eng 209 Eng 214 G/B 209 G/B214

(W/mK)  (W/mK)  (W/mK)  (W/mK)
0 0.167 0.167 0.1675 0.167
25 0.159 0.160 0.165 0.164
50 0.156 0.158 0.1653 0.161
75 0.1513 0.154 0.161 0.158
100 0.141 0.150 0.158 0.155
125 0.136 0.141 0.156 0.151
150 0.13 0.137 0.154 0.148
175 0.128 0.135 0.152 0.145
200 0.12525 0.133 0.152 0.142

1840 2l3p0 coA oylaid ¥ 059

Gl e FYY

b -¥

33 eSS 3 gise j1 45 sy Aigad VI (55 5 i ol
wolo> wlyusi 39 0ad (05 diged MEL 5 VoA il
U8y whpsd gz 9 58 Jsb )3 sy Sejudses
238 8 L5l 90 ey GSgls

ERRNE R

(5 ) 53 35S 32 53 (g Seiledmw aijgfuny wlynss
bzl 4z )3 P glos ;5 Lo (6505 051001 pladi . coannl o o3l it
035 b b oVl olad )5 (g dinjofuny &5 05 lgine 0b
VU gy sl s9ige 53 il Lol ulie (Sl Spac o)
Oy ORl38 2V L 0 Vel jgig0)5 (s ol 35 s yily
09, DIl YO LVIF j5ige 3 ég; ol 3l (e el ) okl
LOY YA 5uSyuS 53 gy g Lil8l ZY /0« VIF [uSopS )
5l G5 sl glid 393 51 Brae wae Job ja 1y Gialiél
Gloo @) 3929« (a0 )3 29y Lol sl Vs ()
whasi 5 Ghl> gl Gl « jgise 3 pfgs ly 9wy
i G oS @S am plsine Ablie (leesd Ll
Jsa2) 3ls peg)y cell caols 5k 53 (655 e sl G
aS el )55 G ‘0)31 ..&MJL..:.A ))f)lf).b)) W)J oL ULmu (¥
ol 0393 (5l 45y « oA (i3S A5y Hlake
o> il lpss -Y-A-F

a0 sl plad (FUSE) 53 Gl (bl wiluss
Al (el 1o)y YO YA L ysige (€5 53 b bl
ol ede . ulio GialS 10y W NIF j5350 55 (429, ol izon
FYB 5590 593 puizees g Vo4 55 VL (3,8ee (slos ¢ glad
Sgdare gy (65 S caols Caedl cely oS Wil

35
mEng?2
34 ng 209 il
33 AEng214 »
£32 | G/B209 -
M A
& 31 ®G/B214
I ] A
E 30 L.
£ A 4
z29 .
2 28 n A
>
- A
27
A ’ :
26 A e © e
$
25 B °
0 50 100 150 200
hour

423 Fe (los 53 355 Job 53 (Suiladm 4 jgSung el s (¥ JSb
Rt

Fig.3 changes in kinematic viscosity during the operation period

Urte SyilSo udige sole doliole



SPY laulio (5330 4alllao 1 ol cgygalo by (slo 98Iy GuSeysS 5 sg350 53 ,ISClg) 29y Kuadse)s olss wilynass oKitlasl oy

olés Gl ool cwl GialS 2V Y L YAl jgige gy @
el & Ll yeige g 53yl slos &jgd pac oaims
ol 0 (peg;y ol yidow Cuyd

8
[ | PS L 2
7.5
o hy S o
o = ¢ o
% 7 A
E W ENG 209 A
26.5 = A
= A
. AEng214 A
=] ] -
6 | G/B209 [ |
G/B 214
5.5
0 50 100 150 200
hour

5 Jsb 53 > 3985 o il (¥ IS

Fig.7 changes in Therma Diffusivity during the operation period
Sl s -Y-¥
355ty s 42088 JLosl (5 £y b azilic
Sy ol L GtalS ez 53 5 Al GHissd Jlw o 155
Foslen 3o digad yo ol b als salgd L 3¢5 51 (Shgu s
88 )18 )l dge wsliste i sl &5 Jlesl b a2y

Happ = k™! A
GHg e ¥l (50l dijgfuny dule (slp (A) dslse
22 JISly) Jaw (slasly oL K ol 53 & 3pipe colitl
n<t gl [FFlsbloe Jlw pa>li n g by &5 7 (4l
odigd Jd ()l 9 dgdun Dgwene Sutwdy 4l Jhw
ble (5,8 9 ablue wdiths Jlw n>) gly 9 wdls salss
kg n=1 Gissd ¥l (sl paizan saue LAS 03igd
Adle djeSuny b
930 (S 53 g, 45 3y il s sl digad uwy
09y Lol ey algs (g ,18) yee Job Ll Uiyl
A £9i Bpao cuclw Voo 51V I (6ly 59950 53 0ds oalitul
oldd g L jlidy cueluw 100 U el Voo 51308000 s
e Giigs yd cawols ae Job (led el B0 )3 9 woe
@ bgiye wledbl (5 Jgaz) 9 (A ) 3 de ¢l 3¢5 51 1,
oo Aae LS YR sgise sl b 02as GSesslsns LT
e 51 B« GSasdsani pelst Sos it 4 dzsi L)L,
oS (sl yorly JaSt g sl GRalidl g (p9) (aleend
9390 3 o3y eslatul (e9) 53 (il (5w 3l L &S Ml
Adlae 535

Modares Mechanical Engineering

wlesS b 5 ISz iy -¥-1-¥

o digas plad )3 JE a3 plgine (5-0 JS3) 53 45 shilen
Sl ptals oy leS wadb &8 Gy b Gl
B el it (565 SS9, 31 590 (195 53 Wiyt
Ly s poyidon (il aops /O b YAl sgise )3 (€9,
i eSOl oY b VIF L (uSpnS 5s g adls
el aiils

20,3 F L YRy 5350 5 sl oy oS cadsh (puizan
ORI 10,3 VA L VVE (S5 53 9 st oyt phalS
cwl 03ly Golais] 335 d ) s o y5eS

1.015
W ENG 209
1.01
AEng214 O
o 1.005 O
S & G/B 209 A
g . / [ ¢ ¢
T G/B 214 A
£ 0995 / B A
K n A
2 099 ) s 2
5 P T 4
© 0.985
0.98
0 50 100 150 200
hour
SIS Jsb 53 Iz el (0K
Fig.5 changes in density during the operation period
2.18 |
217 &
I~
o 2.16 f
g 2.15 ‘ x L 4
>
§ 2.14 A L 4
Q
8 2.13 W ENG 209 O A
g 212 4
T AEng214 [
EREPRT E " o
g 21 | €G/B209
v |
2.09 G/B 214
2.08
2.07
0 50 100 150 200
hour

3,15 Job 3 o (e wadyb iy (5 IS8

Fig.6 changes in specific heat capacity during the operation period
e iy —FY
ol dgdan dlze (M) dblee I &S Siihe (i Gyl
5 oS @uisi wep 3 oalo K ablys oximy ol el
2505 Jole alacr 51 a5 350 £15 bla sl ey s bawss
Adlie wilahd 4 cawl 5 gamlimnsT oo S )3 138
6l 255 Job 53 G s sl saias plds (V JS)
bsise (uals Guylias 45 4 lsie dlie (s€g) digad y

Volume 26, Issue 08, August 2026



0.032
u 0

& Ay
g 003 | - 25
% b P ]
s L 2 4 50
So008 | © © @ @ ) 75
2 @ 100
Z 0.026 125
& * 150
g A175
< 0.024

0 50 100 150 200

shear rate (s1)
@l U &53 e 1 VP gige (g (50l diyjoSuns (4 JS&
SEtle a2y Fo slod 53 35,18 4
Fig.9 Apparent viscosity of Bell 214 engine oil as a function of
shear rate at 40 °C for each hour of use

Fosles ;3 3558 50 (gl MIF L sige ég) GSeielsdy 5Ly (Y Jgaz

3Kl azys
Table 7 Rheological Behavior of Bell 214 engine oil for each hour of use
Rheological
h k (P
our (Pa/s) n Behavior
0 =1 Newtonian
25 ~1 Newtonian
50 =1 Newtonian
75 ~1 Newtonian
100 - =1 Newtonian
125 - ~1 Newtonian
150 0.0309 0.988 Nearly
Newtonian
175 0.0317 0.979 Nearly Newtonian
200 0.0327 0.973 Nearly
Newtonian
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Fig.8 Apparent viscosity of Bell 209 engine oil as a function of
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Table 6 Rheological Behavior of Bell 209 engine oil for each hour of use

Rheological
hour k (Pa/s) n Behavior
0 =1 Newtonian
25 ~1 Newtonian
50 =1 Newtonian
75 ~1 Newtonian
100 0.0325 0.976 Nearly Newtonian
125 0.0326 0.978 Nearly Newtonian
150 0.0359 0.969 Nearly Newtonian
175 0.038 0.956 Mildly shear-thinning
200 0.0402 0.943 Mildly shear-
thinning
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