
IOP Conference Series: Earth and Environmental Science

PAPER • OPEN ACCESS

Heat Transfer in Pulsating Laminar Flow in a Pipe:
Evaluation of the Reduction in the Heat Exchange
Area of Oil Cooler
To cite this article: A I Haibullina and A R Hayrullin 2022 IOP Conf. Ser.: Earth Environ. Sci. 988
042038

 

View the article online for updates and enhancements.

You may also like
Sound resonance in pipes with discrete
Fourier transform
Abdulaziz M Aljalal

-

Impedance modelling of pipes
M Austin Creasy

-

Thermal transpiration of a slightly rarefied
gas through a horizontal straight pipe in
the presence of weak gravitation
Toshiyuki Doi

-

This content was downloaded from IP address 87.117.168.126 on 06/04/2022 at 10:12

https://doi.org/10.1088/1755-1315/988/4/042038
https://iopscience.iop.org/article/10.1088/0143-0807/36/5/055030
https://iopscience.iop.org/article/10.1088/0143-0807/36/5/055030
https://iopscience.iop.org/article/10.1088/0143-0807/37/2/025001
https://iopscience.iop.org/article/10.1088/0169-5983/45/5/055508
https://iopscience.iop.org/article/10.1088/0169-5983/45/5/055508
https://iopscience.iop.org/article/10.1088/0169-5983/45/5/055508
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsu_pS4n562knvtxxi-xSQ77B87URUivfY0yIGGhaQKmPDSQayfBPjNuoD4Sj17cpHqYZ3kS051wavfZ3prOYOsCqFXjHvtgQBQD8kyGaiqqAaAyiTGfpoojjuM9KffTCaaddv3N2M1VwV7Djkxk5M7u1QIV0uiVpTHDQPK593NYmPTOmvPJCqKOfMyfhPQFJDiQEkwtS-4Fe4oAmFnRaFZVW8h62rKYRqhifzDcEvNbYRh1fopBrd3ShpFmgz2kMQUt7_TxtByCWnDQbIKMcWr_-xP5mwxxVMU&sig=Cg0ArKJSzMVCa6TuUchA&fbs_aeid=[gw_fbsaeid]&adurl=https://ecs.confex.com/ecs/242/cfp.cgi%3Futm_source%3DIOP%26utm_medium%3DBanner%26utm_campaign%3D242Abstract%26utm_id%3D242Abstract


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

ISTC-EARTHSCI
IOP Conf. Series: Earth and Environmental Science 988 (2022) 042038

IOP Publishing
doi:10.1088/1755-1315/988/4/042038

1

Heat Transfer in Pulsating Laminar Flow in a Pipe: 
Evaluation of the Reduction in the Heat Exchange Area of Oil 
Cooler 

A I Haibullina1, A R Hayrullin1 
1Kazan State Power Engineering University, 51 Krasnoselskaya street, Kazan, 420066, 
Russian Federation  
 

E-mail: kharullin@yandex.ru 

Abstract. In this study, the heat transfer in a pipe was investigated by a numerical method with 
the pulsating flow of oil at Reynolds numbers 280, 350, 420. The diameter D of the pipe was 
0.014 m. The pipe length was 100D. The flow pulsations were not harmonical. A numerical 
experiment was carried out using AnsysFluent. Based on the data obtained from the numerical 
experiment, an estimate of the reduction in the heat exchange area of the oil cooler was 
calculated. The reduction in the heat exchange area of the oil cooler ranged from 2.57% to 8.63%, 
depending on the pulsation mode. 

1. Introduction 
Oil coolers are widely used in a variety of engineering applications. Shell and tube oil coolers are used 
to cool oil in bearings of pumping stations, which are used to transport oil products in the petrochemical 
industry. Due to the high viscosity of the oil, its flow in the oil cooler is laminar. The Reynolds number 
is below 1000. Consequently, the heat transfer coefficient from the oil side is low, which reduces the 
cooling efficiency of oil coolers. Usually, low performance is compensated by an increase in the heat 
exchange surface. To increase heat transfer, various intensification methods are used [1,2]. Passive and 
active methods are used to intensify heat transfer. The passive method includes pipes with internal spiral 
finning [3], placement of twisted tapes inside pipes [4,5], double or triple twisted tapes [6,7], helical 
twisted tapes [8,9]. The active method includes the rotation of the heat exchange surface [10], the use 
of an electric field [11], flow pulsations [12].  

This paper investigates the effect of flow pulsations on heat transfer in the tube side of the oil cooler. 
The possibility of reducing the heat exchange area of oil coolers due to flow pulsations is also being 
evaluated. The use of pulsations for intensifying heat transfer in a pipe has been investigated by many 
authors [13-18]. However, the results obtained in this area are still not sufficient. It should be added that 
the flow pulsations in the above-mentioned works are close to sinusoidal. In this work, the pulsations 
are asymmetric. 
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2. Mathematical model 

2.1. Computational domain and boundary conditions 
The computational domain was a pipe with a diameter D = 14 mm and a length L = 1400 mm (Figure 
1). The velocity at the pipe inlet uinlet  m/s was calculated depending on the Reynolds number Re. 
Re=uinletD/n, where n– is the kinematic viscosity of the oil, m2/s. At the pipe outlet, the ambient pressure 
was set to P = 101325 Pa. This study examines heat transfer during oil cooling inside the tube side of a 
heat exchanger, so the pipe wall temperature was one degree less inlet temperature  Twall=49 °C, Tinlet=50 
°C. The properties of the oil were constant. The density r = 859.4 kg/m3, heat capacity cp = 1965.4 
J/kg × С, dynamic viscosity µ = 0.019 Pa × s, thermal conductivity k = 0.13 W/m × °С. Pulsating velocity 
was implementing in the inlet of the pipe. The pulsating velocity had the required frequency f =1/T Hz, 
where T– is the period of the pulsations, s. The asymmetry of the pulsations was characterized by the 
parameter duty of cycle y = T1/T, where T1– is the time period corresponding to the reverse flow in the 
pipe, s [19].  
 

 
Figure 1. Computational domain. 

2.2. Mesh independence test and verification 
A numerical study of heat transfer with a pulsating flow in a tube was carried out in AnsysFluent [20]. 
The fluid flow was solved in an axisymmetric formulation. To check the convergence of the grid solver, 
calculations were performed with three grids with different numbers of elements. Mesh A with 50x500 
elements, Mesh B with 75x750 elements and Mesh C with 100x1000 elements. The calculation was 
carried out for a stationary flow at Re 200, 250, and 300. To verify the results obtained, the Nusselt 
number Nu was compared with the empirical equation for laminar flow in a tube at Re £ 2300 [21]. 

The results obtained are consistent with the empirical equation (1) [21] (Figure 2). The maximum 
deviation of the Nu number for Mesh A, Mesh B, and Mesh C was no more than 18.5%, 18.9%, 19.2%, 
respectively. The difference in Nu numbers between Mesh A and Mesh B was below 0.4% between 
Mesh B and Mesh C below 0.3% (Figure 3). Mesh C was chosen for the numerical experiment. 

 Nu = 1.86×(Re × Pr × D/L)1/3 (1) 

 

 

 
Figure 2. Variation of Nust with Re for 
different meshes and equation (1). 

 Figure 3. Mesh independence test. 
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3. Results of numerical simulation 
Twelve numerical simulations were calculated for different Reynolds numbers Re, pulsation amplitudes 
A/D and Strouhal numbers Sh=fD/uinlet. The parameters of the numerical experiment are shown in Table 
1. Figures 4, 5 show the results of numerical simulation. An increase in heat transfer in a pulsating flow 
is proportional to an increase in the amplitude of pulsations, which is consistent with the data of the 
previous study [22]. In this study [22] 3D pipe with a length of 12D was numerically investigated. 
However, the maximum intensification of heat transfer was 10.5%, which is significantly less than 303% 
obtained in [22]. The difference in the achieved enhancement of heat transfer can be explained by the 
fact that in [22] the Strouhal number was 1.13, which is much larger than this study. 
 

Table 1. Parameters of the numerical experiment. 
№ 1 2 3 4 5 6 7 8 9 10 11 12 

Re 280 350 420 280 350 420 280 350 420 280 350 420 

A/D 11 11 11 15 15 15 19 19 19 23 23 23 

y 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 

f, Hz 1 1 1 1 1 1 1 1 1 1 1 1 

Sh 0.032 0.025 0.021 0.032 0.025 0.021 0.032 0.025 0.021 0.032 0.025 0.021 

 

 

 

 
Figure 4. Variation of Nup number with 
Reynolds number Re for steady and 
pulsating flow. 

 Figure 5. Variation of Nup number with 
amplitude of pulsation A/D. 

 
4. Evaluation of the reduction in the heat exchange area of oil cooler 
The estimation of the decrease in the heat exchange surface of the oil cooler with flow pulsations was 
carried out on a shell-and-tube heat exchanger with a staggered arrangement of a tube bundle. The 
coolant on the tube side was oil, on the shell side was water. The characteristics of the heat exchanger 
are shown in Table 2. The method for calculating the oil cooler with flow pulsations is given below. The 
required heating capacity of the oil cooler was calculated using the formula (2). The area of the oil cooler 
for stationary flow was calculated by the formula (3), for pulsating flow by formula (4). The overall heat 
transfer coefficient for a stationary flow was calculated using formula (5), for a pulsating flow using 
formula (6). 

Figures 6,7 show the results calculated by formulas (2)–(6). The required heat exchange area to 
maintain heating capacity according to formula (2) decreases with an increase in the amplitude of 
pulsations and increases with an increase in the Reynolds number. A decrease in the heat exchange area 
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with an increase in the Reynolds number is associated with a decrease in the Strouhal number (see table 
1). The overall heat transfer coefficient (6) significantly depends on the heat transfer of the oil, which is 
laminar flow. Therefore, the percentage decrease in the heat exchange area with a pulsating flow is 
consistent with the percentage of heat transfer intensification but is not equal to it. For example, at Re 
280 and A/D 15, the increase in heat transfer and the decrease in the heat transfer area were 5.75% and 
4.95%, respectively. 

 
Table 2. Parameters of the heat exchanger. 

Volume flow rate of oil, m3/h 30 

Heat carrier in shell side water 

Heat carrier in tube side oil 

Oil inlet temperature T1, °С 55 

Oil outlet temperature, T2°С 45 

Logarithmic mean temperature difference DTlm, °С 14 

 

  (2) 

where  – mass flow rate of oil, kg/s. 

 , m2. (3) 

 , m2. (4) 

 , W/m2°C, (5) 

where L – tube wall thickness, m; k – thermal conductivity of the tube material, W/m°C; hw – heat 
transfer of water in shell side, W/m2°C; hoil(st) – heat transfer of oil in tube side for steady flow, W/m2°C. 
The hoil(st) in equation (5) was calculated as follows 

 ,  

where koil – thermal conductivity of oil, W/m°C; Nust – the Nusselt number for a stationary oil flow was 
calculated by the equation (1). The hw in equation (5) was calculated by the formula for the flow in a 
staggered tube bundle at Re > 1000 [23] 

 ,  

where kw – thermal conductivity of water, W/m°C; Do – outlet diameter of tube, m; Prw – Prandtl number 
of water (Prw was 4.76); Rew – Reynolds number of water (Rew was 15584 at water velocity at water gap 
velocity in tube bundle 0.7 m/s).  
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 , W/m2°C, (6) 

where hoil(p) – heat transfer of oil in tube side for pulsating flow was calculated as follows  

 , 

where Nup – Nusselt number in pulsating flow obtained from numerical simulation in this study.  

 

 

 

 
Figure 6. Change of heat exchange area 
Ap/Ast with Reynolds number Re in pulsating 
flow. 

 Figure 7. Variation of heat exchange area 
Ap/Ast with amplitude of pulsation A/D. 

 
5. Conclusion 
The use of not harmonical flow pulsations leads to an increase in heat transfer up to 10.5% in a pipe 
with a laminar oil flow. The resulting intensification can be used to reduce the area of tubular heat 
exchangers in the case of oil flow in the tube side. A decrease in the heat exchange area due to flow 
pulsations can range from 2.57% to 8.63%, depending on the pulsation mode. 
 
6. References 
[1]  Bergles A and Manglik R 2013 J. Enhanc. Heat Trans. 20 1–15 
[2]  Tabish A and Man-Hoe K 2018 Renew. Sust. Energ. Rev. 81 813–39 
[3]  Skrypnik A N et al. 2018 J. Eng. Phys. Thermophys.  91 52–63 
[4]  Laptev A G, Nikolaev N A and Basharov M M 2011 Methods of intensification and modeling of 

heat and mass transfer processes Heating engineer (Moscow) 335  
[5]  Bhattacharyya S, Chattopadhyay H and Haldar A 2018 J. Basic Appl. 7 118–26 
[6]  Bhuiya M M K et al. 2014 Int. Commun. Heat. Mass. Transf. 50 25–33 
[7]  Bhuiya M M K et al. 2013 Int. Commun. Heat. Mass. Transf. 48 124–32 
[8]  Sadeghi O, Mohammed H A, Bakhtiari-nejad M and Wahid M A 2016 Int. Commun. Heat. Mass. 

Transf. 71 234–44 
[9]  Nanan K, Thianpong C, Promvonge P and Eiamsa-ard S 2014 Int. Commun. Heat. Mass. Transf. 

52 106–12 
[10]  Jeng T M, Tzeng S C and Xub R 2014 Int. J. Heat Mass Transf. 70 235–49 
[11]  Shakiba A and Vahedi K 2016 J. Magn. Magn. Mater. 402 131-42 

)(

11
1

poilw

p

hk
L

h

U
++

=

st

p
stoilpoil hh
Nu
Nu

)()( =



ISTC-EARTHSCI
IOP Conf. Series: Earth and Environmental Science 988 (2022) 042038

IOP Publishing
doi:10.1088/1755-1315/988/4/042038

6

[12]  Herman C 2000 Heat Transfer. Ann. Rev. Heat Trans. 11 495–561 
[13]  Habib M A, Attya A M, Eid A I and Aly A Z 2002 Heat and Mass Trans. 38 21–232 
[14]  Elsayed A M Elshafei, Safwat Mohamed M, Mansour H and Sakr M 2008 Int. J. Heat Fluid. Fl. 

29 29–1038 
[15]  Siddhanath V Nishandar and Yadav R H 2015 Int. Research Journal of Engineering and 

Technology (IRJET). 2 87-492 
[16]  Saad M J 20192002 Int. J. Therm. Sci. 137 352–64 
[17]  Wang X and Zhang N 2005 Int. J. Heat Mass Transf. 48 57–3970 
[18]  Davletshin I A, Dushina O A, Mikheev N I and Paereliy A A 2017 J. Phys.: Conf. 

Ser. 891 012045 
[19]  Haibullina A I, Savelyeva A D and Hayrullin A R 2020 IOP Conf. Ser.: Mater. Sci. Eng. 918 

012164 
[20]  ANSYS FLUENT 2011 ANSYS Inc. Southpointe 
[21]  Bejan A, Kraus A 2003 Heat Transfer Handbook John Wiley and Sons, Inc. 
[22]  Haibullina A I, Ilyin V K, Yarullina A A and Hayrullin A R 2020 IOP Conf. Ser.: Mater. Sci. 

Eng. 918 012163 
[23]  Zukauskas A, Makarevicius V and Slanciauskas A 1968 Heat transfer in Banks of tube in 

crossflow of fluid. Mintis Vilnius 192 
 
Acknowledgments 
"The research was funded by the Russian Science Foundation, grant number 18-79-10136, 
https://rscf.ru/en/project/18-79-10136/". 


