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A novel study on rheological behavior of ZnO-MWCNT/10w40 nanofluid
for automotive engines

Mohammad Hemmat Esfe ?, Hossein Rostamian ™", Mohammad Reza Sarlak ©

wering Khomeinishabe Bronch, Istomie Azod University, Isfabom, Tran
uffinl.dlrd Sederice and Tedhinology, Center af Chloran Chemiml Production Compuary, Semian, Tran
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Journal of Molecular Ligquids xxx {2017) xxx-Xxx

ARTICLE ABSTRACT

Contents lists available at ScienceDirect

Article history: In the present study, the effects of temperature, salid v
Received 1 October 2017 10w40 hybrid nanolubricant is experime ntally inves £ ¥
Fecelugd Tufevied tor i 20 Nayember 20157 nanotubes with ratio of 55% ro 45% respectively, were . e Journal of Molecular qullld‘:;
2::1':,:“ ::ﬂ :T::“:if:-::ir SO ples with solid volume fracion of 0.05 o 1% was meas

; SRR 2 CAP 20004 viscometer. The results indicate that the
Keyworess Nuid. Power law index was reduced slightly as a re
MancFsd hand increasing of solid volume lfacion was resulted |
Viscosiny posed in terms of temperature and concentration. By
MNanolubricant be predicted. This correlation has B — 0.9822 and it ¢

Nun-??w alan able error. Experimental investigation., model development of the non-Newtonian behavior of
Cosrelation - - o
CuO-MWCNT-10w40 nano-lubricant for lubrication purposes

joumal homepage: www.elsevier com

et law index
Riu-nlnwr_.l‘ Lehavion

Mohammad Hemmat Esfe® *, Fatemeh Zabihi®™ =, Hossein Rostamian® °. Saced Esfandeh®

Department of Mechanical Enginesaring, Imam Hossein Unvversity, Tehran, Tran
Stare Key Laboratory for Modification of Chemical Fibers and Polvmer Marertals, College of Marerials Science and Eng g, - 7 v ehai 201620, China
F‘a(‘rf.fh ﬂ? Chemical, Petreleum and Gas Engineering, Semnan University, Semnan, Iran

of Applied Science and Technology, Canser of Chioran Chemical Production Company, Semnan, Iran
Young Researchers and Elite Club, Najafabad Branch, Islamic Azad University, Najafabad, Iran

2
b
a

ARTICLE INFO ABSTRACT

Articte history. MNanofluid lubricants demonstrate supenor thermal and mechamcal characteristics compared with the wads-
Eeceived 2 September 2017 tional bare lubricating oils. Here we added cupper-oxide nano-particles and Multi-Wall Carbon Nano-tubes

Receivad insrvised, S 1770 tobiee 2017 (CuO-MWCNT (9:1)) into a commericial lubricating o1l (10w40) and achieved prominent rheolegical behav-
Accepted 2 November 2017
Available online xxx

1ors. The hivbrid nano-particles and 10w40 were muxed with different velume fractions (0—102%). Viscosity of
the 1ssued nano-composite fluids was measured under different tempetures (555 2C) and shear rates. It was
mferred that CuO-MMWCNT (9:1}-10w30 possesses non-Newtoman rheological charactenistics. same as 1t's
Keoywords: bare analogous. The experimental data were firstly approved by Ostwald de Wasle model, and then used to
Hybrid nanc-lubricants develop a novel mathematical model. correlanng the volume fraction of the solid phase and the operatng tem-
Non-Newtontan perature to the viscosity of the composite nano-fluid. In order to further validation. an artificial neural network

Neural network modeling

e {ANN), based on multlaver perception (MLP) alsonthm was created and apphed to support the rheological
Fiscosity 2

behavior of the prepared nano-fluids. The regression coefficient (R°) and the mean squared ermror parameter
(MSE) were respectively determined to be 0.9992 and 1.81E — 4. It was concluded that the CoO-MWCNT
{9:1)/10w40 nano-lubnicant complies the essential requirements of a highly effective lubnicant matenial. and
suggested numerical model 1s a rehiable tool. to desenbe the rheological behaviors of the nanofluid lubricants.
with vanous contents of nano-particles. i a wide range of operanng temperatures.
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CONFORMANCE

DECLARATION

THIS |8 TO DECLARE THAT THE MANAGEMENT SYRTEM OF

CHLORAN CHEMICAL PRODUCTION CO.

B16 ST, KOOSHESH BLVD., EAST INDUSTRIAL CITY, SEMNAN, IRAN

HAS BEEN ABSESSED AND FOUND TO BE IN COMPLIANCE WITH THE MANAGEMENT SYSTEM
STANDARD WITH THE FOLLOWING OETAILS

STANDARL

ISO 10015:1999

SCOPE

PRODUCING CL2 AND CAUSTIC SODA USING MEMBRANE

SYSTEM, PRODUCING HCL BY DIRECT SYNTHESIS (BURNING

CL2 AND HYDROGENE), PRODUCING SODIUM HYPOCHLORITE BY

ABSORPTION REACTION (CL2 IN CAUSTIC SOLUTION), PRODUCING

CALCIUM HYPOCHLORITE (BY THE REACTION OF CL2, CAUSTIC AND 4
LIME),PRODUCTION CAUSTIC SODA FLAKES USING TECHNOLOGY |
FALLING FILM, PRODUCTION CALCIUM CHLORIDE L

DECLARS TION KO, 18-3888

SRIGINAL DECLARATION DATE. 24 - 06 - 2018

LATEST ISSUE DATE 24 - 0B - 2018

EXFIRY DATE 23-09- 2021

THIE DECLARATHON REMAING VALID SUMUECT T SA TRICAC TONRY SLOTVEILLANCE AND RENEWAL ASSESSMENTS

THE FHESENT STATLES OF THIS DECLARA THON CAN S5 CETAINED OV wia MR o
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ALFRED KARABEDIAN
MANAGING DIRECTOR

MARTBAN KEIFIAT Lid
Mo 15, 8" Alley, ArabAll 5L Khoramshant Ave. Tahran - AN
Phons «08-21-88529400 | wweesmar | midmar




