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Measurement Method of Coefficient of Thermal Expansion and
Compressive Elastic Modulus of Highly Viscous Liquids

SUN Zhaoyang, FANG Jingbo, CHEN Wenging, CAO Hui, BAI Pengpeng, TIAN Yu'

(State Key Laboratory of Tribology in Advanced Equipment, Tsinghua University, Beijing 100084, China)
Abstract: The coefficient of thermal expansion and the modulus of elasticity in compression are important physical
parameters for the temperature and compressive behavior of the density of liquid lubricants. Changes in the coefficient
of thermal expansion and the modulus of elasticity in the compression of lubricants affect the accuracy of theoretical
analyses of problems such as sealing and lubrication failures under actual operating conditions. Existing commercial
vibrating string densitometers can measure the temperature and pressure characteristics of low-viscosity liquid density
with high accuracy, but the damping effect of high-viscosity lubricants seriously affects the vibrating string excitation,
and the measurement error is large. In this paper, a device was designed to measure the coefficient of thermal expansion
and compressive elastic modulus of high-viscosity lubricating oils using Invar alloy as the tank material and a small
internal diameter capillary metering expansion volume, with an accuracy of £0.05% for density measurement and +3%
for coefficient of thermal expansion and compressive elastic modulus measurement. PAOS, PAO10 and PAO65 were

selected as the base oils for the determination of the coefficient of thermal expansion from room temperature to 80 °C
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and the compressive elastic modulus at room temperature. The coefficient of thermal expansion of base oil from room

temperature to 80 °C was about 7x10 *~10x10"*/°C, which increased by nearly 30%. The compressive elastic modulus of

the base oil was about 1.28~1.45 GPa, which decreased slightly with the increase in temperature. The device designed in

this study for the determination of the coefficient of thermal expansion and compressive elastic modulus of lubricating

oil filled the gap in the accurate determination of the coefficient of thermal expansion and compressive elastic modulus

of high viscosity lubricating oil, and it could provide support for the theoretical analysis of lubricating oils to calculate

the required parameters.

Key words: coefficient of thermal expansion; modulus of elasticity in compression; density; high viscosity lubricants;

PAO base oils

TE AL 7S LR R BRI e 38 Gt %6 i ity 2% 46 435k
TAAE R 1 P ™, S v o R A TR AE SR A
E I DR < S B =70 § Sl N2y = O B 297
K 22 B3R s 4 e A R VM T M RE I DG B S
BN, PR 28 RN 4 58 R R i 9L R R
SEATAY,, YR 70 R RN 55 8 A A e B 1) S A A 1
B3 A A K 2R B e S o e U
OIS, S it KU, T I A R )
3y 1 R = =70 B S = S0 S A0 71 WA (P G o8 =10 8 Sl 1 1
FSA AR (i B, 1 44 R 0 P el RS, R L
B AN BN R IR ) 4 e e A 4 5 B0 T
FE TR R At BEAR TR, SR e M O T R R s .

K 2B R0 T UG T AR R B G 4
i, 19334F I 4L [H bR it 8 J7) 40 SR UHAE “INVAR” 9l
TE S 38 H AT PAE UK R AN T 1.6x10 °/°C Y
BRI B & 4 (Invar) "™, WF 525 0k 7K 2 B AL R .46 T
WK R . B R A AT B R R g, BT A
I ks A J2 K 2 ORI s 44 o M A o 1) U L 2 LA
R R, SRR LS s A S AR S T RE 4y
M A AR IR AR T A R 2, ek A R I ik 2 R0 T 4
S A AR (Y U s T AR AR, XS RE R
M A 4 82 P 2 S0 5 A5 58 . DA S L e
W 52, Strachala:™ i I8 ] 3 2K 4 5% v R pe] UL 3
SEHASC 52 A 5 R T S B R 5, 0 P A X%
22 N 10%. Mikhailov25"™ 38 3o 6 2% 56 I 5 VA4 10 2
A, IR AR B 2K R B AT LA THE, e rAH
SR EEAEL5% 0 . Lane 5™ 8 i 06 I 5 W A ) 4
SRR B, O 7RSSR (R S R HE B 2 10%. BRI
BT YRR A TR B SRAS AT LA S v VAR
R RIR & VA, (EURS E FE UM, R B 3% ik T LS
LV 5 P T 2 AR A e P o A st ) 7,
{EL I BE AR TIEAR 0 5 00 O s R A P Y, ph ik S 8k
755 T Ol AR i 2 R S A i e A R ) 2 R
R [, LA ST I AR I K A0 4 AR 2 1 S

522, B N SR FRAE 20 M B AR Al 0 Bt S 4.

ARV TR R T & /R AR IR K
/N AR B 0 T N K A R SRR s U v e it A i
i R R B, SR RN 1 2K A e 4
PR 2 2L E . XA IPAOS. PAO10FIPAOGSHE
AT PRI 22 H50RT e 2 550 P ABE B0 5, 15 380 ) o i i
I 22 HORD s 4 5 M ASE & ) 3R R 28 R ) A DG K
A AW ST BT I v 2 R I v B IR R O R 4
SR AR B 1K) I SE e B AT O e A TV T R o A
PR HE R S

1 I ER
1.1 RGNS

TR VAR i R ) A5 Ak 2 3 1 T B AR A 1 % W
I, IR T, T IBhRe RN, ko B o
WE 3, S8R 7 BE B 38, 23R A Z IR,
I — 58 W T+ A 1) R R AR AR AT DA S A K R
B AR 2 IR, EEE T R R, 43T TR A R R
F0, SECP R SR LT, U e S R A I
SRARAL, T DATT S H A R A A A

BT ROk SRS A T A B K 2 ORI 4
PERE B I B L, 1) R (b) BT s A I K 2 50
48 PR AR L2 B A T AR R O s AR 1A
SHE AR, R Tk AN SIS R TR A B K AR AR 4
2 N T A B A A, 000 5 Ak A T X S A A
(19 He 5 AE FH . 348 P s i A% JE 28 PRI, P8 A% S 38 T 5 &
558 NI P O [ AL

DR P v 2 B R R R S S 2 ) E B A
SE» 57 NG AR ST R E 5 i AT A BT
Veank T Viguia 73 ) 49 SI2 B S A 47 REURO 4% T 8 2% 0
P AAAR, AP AOSHERM i A D9l s A4k, X b K F R G
B MBS SAE AR KRB LG &1E R
TEAAHA AR 12 220 I 5.22% PR 510.36%, BRI
B E W e RS HERE, K2R, 20w, 2T



1

TR BS OB I R, 12265 1L AT DAL ik 2R S Ik
ZE MR S A S IR W E2(c)FTR, Witk
W AR AR R d, FI/N AR B 4, SR — &
IR, IAETEAFIBAE ETHmE 2 X RN Ah, FIAh, .
R WAR L, WA S B AK 5| RS T v FE 1 b mT A
LB LL100AE 1 i L AT 2R, E2(d) s A
SR FH IR0 1 77 =00 5 A I A P s 4 PR
St A e RN R 7 3, PR T 3 B EBRE A, X
b B 0 s 7 T BT 3 v SR 4 AR, THEL N
TR I 72 14 R I 2 B B v B e 4 e e A
1.2 MEFHE

AR FA K R B I s SR R A T ER R
WE 1 @)FTR, WAEYIIEERIR Y, YIRRET,, TH&a—
SE R, AR R RN EE AR N Vo I T, . RO I B B
P IR IR RECN

Unsealed tank

Fig. 1
K1 %E

' “(a) Low expansion tank \‘
[ 7 Invar :
H 1.6x1075/°C i
i Error 1
1 PAOS 0.36% :
1

8x107/° 1
i 2 e Error :
1 Vin=160.69 ml Aluminium 5.22% i
Vo Vigu=88.54 ml 2.3x10°5/°C J

\\ ________________________________ L4
--------------------------------- N

" (c) High feedback ratio—expansion \
1 1
| i
i i
1 1
1 1
1 1
I 1
' i
1
5 J

TR 5. 5 A 5 R 2 8 B T 7 5 ;
V-V, AV
=TV, - ATV, O

HAE K 2 B0 5 Hh SR kA R 2 A 0 U A
A, T A 25 3 o e WO T s 2 5 I e R
TR BT B, TS BV AR K AR AR BAE
WA, Fim— € il EE, W _F = FE Ah, BGIs g
M ARAEF AV Ry

2
ﬂ'dl

AV = A 2
V4h 2)

TR b T v B ARGE I 5 A AR AR W 1 o 22
ApitHE, Ap =pgAh, Hrh gl p43 5y 5 5 hnk B A
TR P A P i P R R AR 4K, 7 S BRI
i 8 Hp R B AT — AN B U R R — N R
FE, AP B B A5 R B 0.1 °C, FR SR TS AR 2
L A0 5 105 P A

(b) k=-"1

T,» P,

¥/ IIII ll

4 7

% %
AR ?,,,,,,,,,,,,? fUvy

Heater

Unsead tank

Device structure: (a) thermal expansion instrument structure; (b) compressive modulus of elasticity device structure

LiK: () K R B B A5 (b) IR e A R B A5 4

T e e e

' (b) Automated measurement 5
I Pressure 1
: _AV Al sensor :
! “TATV !
: AT Temp 1
1 sensor 1
: k= AP :
1 aAT Pressure 1
\ L1 sensor !
\\ ________________________________ /,
———————————————————————————————— ~N

l (d) Heat up to pressurise—modulus \
| 1
1 1
1 Simpler !

1
i F i
1 1
' i
: Higher il 1
1 accurate Heater |
\ ]
\N ________________________________ /l
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Table 1 Determination of the compressive
elastic modulus of water

Experiment Compression modulus
Test 2.15 GPa
Reference™ " 2.21 GPa
Relative Error 2.71%
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Table 2 Comparison of PEBS coefficient of thermal expansion measurement
Parameters 25C 35C 45 C
Coefficient of thermal expansion in test/(10*/°C) 7.26 7.42 7.85
Coefficient of thermal expansion in referencem"w]/(l 0 C) 7.18 7.27 7.83
Relative Error 1.11% 2.06% 0.26%

3 PEBSELREMIRENEXTLL
Table3 Comparison of PEB8 compressive modulus of elasticity determination

Parameters 25 C 35C 45 C
Compressive modulus of elasticity in test/GPa 1.57 1.52 (1.524) 1.43
Compressive modulus of elasticity in reference””*"/GPa 1.61 1.52 (1.520) 1.45
Relative Error 2.48% 0.26% 1.38%




1M FNEARH, &5 5 2 AR I 2R O s 4 3 AR 8 10 0 D7 90T 5 7
(a) 0.11 (b) 0.11
ik [ PAOS8-thermal b [ 1PAO10-thermal
%) o PAOS8-volume ) %) o PAO10-volume o
§ ~_Ho10g § 10108
Lot E pA (5 ] E)
— = — =
3 2| { 0.00 El =| 4000 §
S 9t T E S 9t N
2 | E} 2 S
< LA <
& | {008 & | {008 g
s 8 = s 8 =
3 £ 3 = g
E Ll 1007 & E Ll 1007 &
= = = =
= =
6 0.06 6 0.06
20 30 40 50 60 70 80 20 30 40 50 60 70 80
Temperature/°C Temperature/°C
0.11 0.11
c d
ool o ool moe
o ) -volume %) o + 5)
2 10108 2 gig;g I{0108
Ty e L1t # )
% 1 0092 % T 0092
S 9r B 297 s 2
=4l 1008 £ RIS S 1008 £
= ; s E =3 - =" g
E Ll 1007 & E,l T o=7 1007 &
2 L_/a. = 2 i - =
ai= il = L=
6 0.06 6 0.06
0 30 40

2

50 60 70 80
Temperature/°C

20 30 40 50 60 70 80
Temperature/°C

Fig. 5 Determination of coefficient of thermal expansion of PAO base oil: (a) PAOS; (b) PAO10;
(c) PAOGS; (d) coefficient of thermal expansion of PAO base oil
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Table 4 Base oil temperature rise pressure and compression modulus of elasticity
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Fig. 6 Determination of base oil compression elastic modulus: (a) base oil compression modulus of elasticity;
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