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Modeling of the operation of a disc pump
with the wall roughness consideration

Vyacheslav A. Cheremushkin, Vladimir 0. Lomakin

Bauman Moscow State Technical University, Moscow, Russian Federation

ABSTRACT

BACKGROUND: At present, a small number of studies of disk pumps operating with a low-viscosity liquid have been
conducted. In addition, among the existing papers, numerical calculations are presented, which have a serious discrepancy
with the experiments carried out. This article is devoted to numerical simulation of the operation of a disk pump with water,
comparison of the calculation results with the experimental data.

AIMS: Determination the factors affecting the convergence of the main indicators with experimental data when performing
CFD simulation with a low-viscosity liquid.

METHODS: In this paper, the numerical modeling method based on the solution of discrete analogs of the basic equations
of fluid dynamics is used. In order to compare the CFD simulation with the experiment, a test bench on which two configurations
of the impeller were studied was created.

RESULTS: It is shown that it is important to take into account the influence of the roughness of solid walls for this type
of dynamic machines when modeling their operation with a low-viscosity liquid, since it has a significant effect on the indicators
of the disk pump. Comparison of the obtained indicators a with the experimental data, as well as flow patterns in the flow
part are given.

CONCLUSIONS: Based on the results of the article, it can be stated that consideration of roughness in numerical calculations
of a dynamic pump has a positive effect on convergence with experimental data.
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OpMFMHaﬂbHOE nccnenosaHme

YyeT BAMAHUA LWIEPOXOBATOCTH
npyM MoAeIMPOBaHMM paboTbl AUCKOBOro Hacoca

B.A. YepeMywkuH, B.0. JloMakuH

MocKoBCKMI rocyaapCTBEHHbIA TeXHUYecKkU yHuBepcuTeT UM. H.3. baymaHa, MockBa, Poccuiickan Qegepauna

AHHOTALMA

06ocHoBaHMe. Ha [aHHbIM MOMEHT NPOBEAEHO HeBONbLUIOE KONMYECTBO MCCNEA0BaHWI AMUCKOBBIX HACOCOB, paboTaloLLmxX
Ha ManoBA3KOM MuaKocTu. K ToMy e cpeau cyllecTByloLmx paboT npefcTaBnieHbl YUCIEHHbIE PacyETbl, KOTOpblE UMEIT
CEPbE3HOE PacXoMpaeHWe ¢ NPOBEAEHHBIMU 3KCcnepuMeHTaMu. [laHHaA CTaTbA MOCBALLEHA YMCIIEHHOMY MOAENMPOBaHMIO
paboTbl AUCKOBOMO Hacoca Ha B, CPaBHEHWIO Pe3yNbTaToB pacyéTa C SKCNepUMEHTaNbHBIMU AaHHLIMU.

Lenb — onpenenntb ¢pakTopbl, BAUAIOLLME HA CXOAUMOCTb OCHOBHBIX XapaKTEPUCTUK C IKCMEPUMEHTANTbHBIMU JaHHLIMU
npu npoBeaeHun CFD pacyéta Ha ManoBA3KOW HUOKOCTY.

Metogel. B gaHHoM paboTe mpyMMeHAETCA METO YMCNIEHHOrO MOAENMPOBAHWA, OCHOBAHHBIA Ha PELUEHUWN OUCKPETHBIX
aHanoroB 6a30BblX yYpaBHEHWUM ruapoaMHaMuku. [na cpaBHeHuA CFD pacyéToB ¢ 3KCNepUMEHTOM 6bin co3daH MCMbITa-
TeNbHbIN CTEHS, Ha KOTOPOM UCCNefoBaNuCh Be KOHdMIypaumm paboyero Koneca.

Pesynbratbl. [lokasaHo, YTO ANA JAHHOrO TUMA OMHAMUYECKMX MaLLMH BarKeH YYET BAMAHWA LLEPOXOBATOCTM TBEPAbIX
CTEHOK MpX MOAENMPOBAHMM MX PaboTbl Ha ManoBA3KOM MMOKOCTM, MOCKONbKY OHA OKa3biBAET CYLLECTBEHHbIA 3PdeKT
Ha XapaKTepUCTUKM JMCKOBOr0 Hacoca. [puBefeHo cpaBHEHME NOJTyYeHHbIX XapaKTEPUCTUK C IKCMIEPUMEHTANbHBIMY aH-
HbIMW, @ TaKMKe KapTWH TEYEHWA B MPOTOYHOM YaCTy.

3aknioyeHune. Ha ocHOBaHMM pe3ynbTaToB CTaTbW MOMHO YTBEPHKAATb, UTO YYET LLIEPOXOBATOCTM NPU YMCTIEHHBIX PacyETax
AMHAMMUYECKOr0 HAcoCa NONIOKUTENBHO BAMAET HA CXOAMMOCTb C SKCMEPUMEHTaNIbHBIMU AaHHbIM.

Kntoyesbie cnosa: oucKoabili Hacoc; YucieHHoe ModenupodaHue; mypbyneHmHocme; CFD; wepoxosamocme.
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BACKGROUND

Dynamic disk pumps, unlike their centrifugal
counterparts, do not feature profiled blades within their
impellers (Fig. 1). Instead, the impeller of a classic disk
pump consists of a package of two or more smooth disks.
These pumps are particularly suited for applications that
involve pumping high-viscosity liquids [1, 2]. However,
the use of disk pumps in handling low-viscosity media
has also been noted, sparking interest in calculating and
predicting their characteristics under such conditions [3].

Research on this subject is scarce, with some studies
focusing on theoretical descriptions and their comparison
with experimental results [4], while others examine these
pumps through numerical hydrodynamic modeling [5].
Theoretical approaches to modeling flow with developed
turbulence encounter significant limitations, which cause
discrepancies in the obtained characteristics.

In studies that employ numerical modeling to
explore disk pump flows, a frequent observation is the
absence of experimental data for validation or significant
discrepancies in such comparisons [6]. Given the extremely
widespread use of CFD packages in engineering, validating
the results from these models has become particularly
interesting scientifically and practically.
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Fig. 1. A disc pump.
Puc. 1. [InckoBbi Hacoc.
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This paper presents the results of numerical modeling
and experimental research into disk pumps operating
on water. A key finding has been the significant influence
that flow path element roughness has on the characteristics
of this type of hydraulic machine, which must be considered
when formulating the CFD calculation problem.

AIM

The objective of this study was to determine the factors
influencing the convergence of the main characteristics
with experimental data when performing CFD
calculations of a disk pump operating with low-viscosity
fluids.

DESCRIPTION
OF THE MATHEMATICAL MODEL

The numerical modeling method used in this study
relies on solving distinct analogs of the basic hydrodynamic
equations. For an incompressible fluid (p = const), these
equations are expressed as follows [7]:

1) mass conservation equation (continuity equation):

aﬁj —

—L =0
éxj

where u; is the average value of the fluid velocity
in projection onto the j-th axis (f = 1,2,3);
2) equation for conservation of momentum (Reynolds
averaging):
ouU,
—+U
p{ or

J
Oox ;

oU, oP 0O = (v)
R !

where U and P are the average speed and pressure,

respectively; YN;/(V) =2ys;, is the viscous stress tensor

. 1| oa ou;
for an incompressible fluid; s =5Li+a—J}
Xy oY

is the strain rate tensor; and pu;u; is the Reynolds

stress.

To complete the given system of equations,
the semi-empirical turbulence model k-0 SST
was used, demonstrating satisfactory convergence
with the experimental data when simulating dynamic
pumps [8, 9, 10].

To simulate flow near solid walls, a high-Reynolds
version of the turbulence model is used. This approach

159



. HYDRAULIC AND PNEUMATIC SYSTEMS

Vol 17 (2) 2023 Izvestiya MGTU «MAMI»

involves using wall functions to describe the velocity profile instead of solving the equations of momentum conservation.
In the logarithmic domain, these functions take the following form:

*

yu

v

where y" =

K

{22)

is the dimensionless distance from the wall; K and E are constants; and f* is the roughness function.

In this approach, roughness is described by a function that directly affects the wall function in the logarithmic region,
effectively reducing the velocity magnitude relative to the solid wall. The roughness function is described as follows:

1 ifR" <R} .
R"-R! ’ )
f = B- +—Sm:mm if R:mooth <R" < th)ugh;
rough ~— *Nsmooth
B+CR" if R >R,

Fig. 2. The simulation mesh in the section of the flow part.
Puc. 2. PacuéTHan ceTKa B CEYEHUM NPOTOYHOM YacTu.

Fig. 3. The test bench.
Puc. 3. /cnbitaTenbHbIN cTEHA.

DQl: https://doi.org/10.17816/2074-0530-321862

s
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—; r is the value of equivalent roughness;
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where R*

v is kinematic viscosity; u* is the characteristic velocity
near the wall, determined depending on the turbulence

lo R/+
s 8 [ Rsmooth J .

model used; a =sin| —
2 R
log[

the R value characterizing the roughness corresponding
to smooth walls; and R:ough is value for roughness
corresponding to a rough wall.

The computational mesh comprises polyhedral cells
in the flow core and prismatic layers near the solid walls
(Fig. 2).

+
Rsmooth

is

EXPERIMENTAL STUDY

A disk pump featuring a replaceable impeller
configuration was tested (the test bench is presented
in Fig. 3).

The impeller consists of two metal disks and plastic
elements produced using additive manufacturing
technologies, namely a shaft bushing, fastening
blockings (possibly with blades), and a front (end)
groove seal bushing seal. The impeller is shown
in Fig. 4.
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Fig. 4. A collapsible impeller.
Puc. 4. PazbopHoe pabouee Koneco.

RESULTS OF THE CALCULATIONS
AND EXPERIMENTS

Figure 5 compares the obtained characteristics
of a pump with a 13-mm-wide disk impeller with the
results of numerical simulations (CFD) with and without
considering surface roughness.

The parameters established for incorporating
roughness in the simulation of a 13-mm-wide impeller
were also applied to an 18-mm-wide impeller. The results
are presented in Fig. 6.

25‘
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Fig. 5. Characteristic curves of a pump with a 13 mm wide
disc impeller: experimental (b2-13), calculated with roughness
considered (CFD b213-R) and without consideration (CFD b213).
Puc. 5. XapaKTepucTMKM Hacoca ¢ AMCKOBBIM paboumMM Konecom
WwupuHoi 13 MM: aKkcnepuMeHTanbHas (b2-13), pacuéTHble ¢ yué-
ToM Lwepoxosatoctn (CFD b213-R) u 6e3 (CFD b213).
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For a qualitative comparison of the flow dynamics,
Figs. 7 and 8 presents the velocity fields in the meridional
section of the flow path (including the impeller,
outlet, and lateral hollows) for an 18-mm-wide
impeller.

ANALYSIS OF THE CALCULATION
RESULTS

Based on the given characteristics and value distribution
patterns, the following conclusions can be drawn:

25!
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E .. "
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0 10 20 30 40
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Fig. 6. Characteristic curves of a pump with a 18 mm wide
disc impeller: experimental (b2-18), calculated with roughness
considered (CFD b218-R) and without consideration (CFD b218).
Puc. 6. XapakTepucTuKM Hacoca C IUCKOBLIM paboumnM KoecoM
WmnpuHoii 18 MM: aKkcnepuMeHTanbHas (b2-18), pacuéTHble ¢ yué-
ToM Lwepoxosatoctn (CFD b218-R) u 6e3 (CFD b218).
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Fig. 7. Field distribution of the velocity amplitude at a supply of 15 m¥h: a) with roughness; b) without roughness.
Puc. 7. Mone pacnpefenexre aMnaMTy bl CKOPOCTM Npu nofade 15 M3/u: @) ¢ y4€TOM LepoxoBaTocTH; b) 6e3 y4éTa LepoxoBaTocTu.
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Fig. 8. The circumferential velocity of the fluid at the outlet of the impeller at a supply of 15 m3h: a) with roughness; b) without

roughness.

Puc. 8. OKpy»<HaA CKOPOCTb MAKOCTM Ha BbIXode U3 pabodero Koseca Npu nopade 15 M%/u: @) ¢ yuétom wepoxosatocTy; b) 6e3 yuéTa

LLIepoXoBaToCTy.

1. Numerical simulations of dynamic pumps with disk
impellers with smooth surfaces for the flow path elements
lead to a considerable discrepancy (up to 30% for both
impellers) when calculating pressure.

2. Incorporating the influence of roughness into the
numerical models significantly improves the convergence
of the simulated results with the experimental data.
The maximum error was 9% for an impeller width
of 13 mm and 7.5% for an impeller width of 18 mm.
The maximum errors were observed in the extreme right
part of the pressure characteristic, which may be associated
with an inaccurate estimation of roughness values.

The velocity distribution fields clearly show a decrease
in fluid velocity near solid walls, which is attributed to
the consideration of roughness. This results in additional

DQl: https://doi.org/10.17816/2074-0530-321862

acceleration in the impeller. Consequently, the average exit
speed from the impeller increased by 17.7% (from 10.2 m/s
to 12.4 m/s) at 15 m¥h.
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