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Liquid metal pipe flow hydraulic resistance in a transverse magnetic field
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The results of an experimental study of the effect of a transverse magnetic field on the hydraulic resistance

during the flow of mercury in a round pipe with different wall conductivity are considered. The changes in

the coefficients of hydraulic resistance at Reynolds numbers in the range Re = (10−40) · 103 and magnetic fields

providing Hartmann numbers in the range Ha = 0−1800 are investigated. Pipes with different steel wall thicknesses

are considered, and the effect of copper plating aimed at improving the electrical contact at the mercury−steel

interface is studied.
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The use of liquid metals for cooling of highly loaded

reactor components and producing nuclear fuel is integral

to the construction of pure fusion reactors (thermonuclear

reactors) and hybrid (fusion−fission) systems [1], but is also
associated with various challenges and phenomena that have

not yet been studied in sufficient detail [2]. One such effect

is an increase in hydraulic resistance of channels during the

flow of a conducting medium in strong magnetic fields. Data

on the hydraulic resistance during the flow of liquid metal

in a transverse magnetic field in channels with different wall

conductivities were presented in several studies [3–6].
The results of studies of liquid-metal heat exchange

complicated by the influence of a magnetic field indicate

that both the hydraulic resistance and the heat exchange

(including the emergence of magnetic-convective pulsa-

tions) are sensitive to the electrical wall conductivity [2].
The key data were obtained under laboratory conditions

with a relatively weak or near-zero wall conductivity [3].
The issue of variation of the electrical wall conductivity

throughout the entire experiment was not discussed in

detail.

In the present study, the hydraulic resistance in pipes

with different wall conductivities is investigated with a

detailed examination of the influence of the electrical wall

conductivity, the veracity of earlier results reported by other

research groups is verified, a method for measuring the

hydraulic resistance in liquid metals is tested, and a set of

reliable experimental data is produced.

An actual contact between mercury and stainless steel

features both thermal [7] and electrical [8] contact resistance.
Studies have demonstrated that the characteristics of contact

between mercury and stainless steel are governed by layers

foreign to liquid metal [8,9]. These layers form in the contact

zone due to the chemical interaction of the liquid metal

medium with structural materials and due to electrolytic

processes in the course of current flow. In view of this, the

flow of electric current through the contact zone proceeds

through multiple sites of breakdown of the boundary contact

layers. Mechanical treatment of the wetted wall (brushing)
and the application of intermediate layers with better

wettability by liquid metal provide an opportunity to reduce

the electrical contact resistance.

A system for pressure drop measurement was used in

the studies (Fig. 1). The system features two large-diameter

flasks filled with water. Hoses from pressure taps at the

working section are connected to these flasks. Measuring

hoses (combined with a measuring tape) are brought out

from the mating parts of the flasks. Owing to the

difference in internal diameters of the flasks (d1 = 72mm)
and the hoses (d2 = 6mm), an indistinguishable difference

in mercury levels translates into a significant difference in

water levels, which is sufficient for accurate measurements

even at low flow rates. The pressure drop was calculated

using the following relation:

dP = ρW gH

(

ρHg

ρW

d2
2

d2
1

+ 1

)

, (1)

where ρW , ρHg are the densities of water and mercury

[kg/m3]; g is the gravitational acceleration [m/s2]; H is the

difference in water levels [m]; and d1, d2 are the diameters

of the flasks and the hoses, respectively [m].
The hydraulic resistance coefficient was then calculated

as

ξ =
2DdP
ρHgU2L

, (2)

where D is the internal pipe diameter [m], U is the average

flow velocity of liquid metal [m/s], and L is the distance

between pressure taps [m].
Four working sections in the form of round pipes with

an internal diameter of 40mm (two with a wall thickness

42



Liquid metal pipe flow hydraulic resistance in a transverse magnetic field 43

1

2

3

4

5

6

7

To the gas line

Figure 1. Diagram of the experimental setup. 1 — Experimental working section, 2 — electromagnet, 3 — pump, 4 — heat exchanger,

5 — electromagnetic flow meter, 6 — air-type pulsation damper, and 7 — differential pressure meter.

of 2.5mm and another two with a wall thickness of

10mm) were fabricated in order to examine the influence

of electrical conductivity of the channel walls on hydraulic

resistance. The length of each section was 750mm. Copper

plating of the internal surfaces of a pair of pipes (one thin-

walled and one thick-walled) was performed to enhance the

mercury−steel contact. The thickness of the applied copper

coating was ∼ 100 µm. Grade R-1 mercury was used in

experiments.

A magnetic field affects the flow of liquid metal, suppress-

ing turbulence and making the flow laminar. The obtained

experimental data and the asymptotics used correspond to

a laminar flow in a strong transverse magnetic field [4].
It is known that the hydraulic resistance coefficient of

a conducting channel depends not on two independent

parameters (Reynolds and Hartmann numbers), but on their

combination (Stuart number) [4].

The measurement results are presented in the form

of dependences of the hydraulic resistance coefficient on

dimensionless parameter N = Ha2/Re (Stuart number),
where the Reynolds (Re) and Hartmann (Ha) numbers are

defined as

Re =
UD
ν

, Ha = BD

√

σ

η
, (3)

where ν is the kinematic viscosity of mercury [m2/s],
B is the magnetic field induction [T], σ is the electrical

conductivity of mercury [�−1], and η is the dynamic

viscosity of mercury [Pa · s].

Thin-walled sections (40× 2.5mm) with and without

copper plating were examined first (Fig. 2, a). The ex-

perimental points for the copper-plated pipe are positioned

above the values for the non-copper-plated pipe, suggesting

that the mercury−steel contact is enhanced. The calcu-

lated dependences of the hydraulic resistance coefficient

for channels with perfectly conducting and completely

insulated walls are also shown for comparison [3]. The

experimental points are located between these curves and

are characterized well by the dependence for walls with

a finite conductivity [4]. The properties of stainless steel

12Kh18N10T and mercury were taken from [10] and

handbook [11], respectively. The theoretical dependence

for a thin-walled non-copper-plated pipe with relative con-

ductivity Cw = 0.044 provides a fine fit to the experimental

data for the copper-plated pipe only. The results without

copper plating follow the dependence with a conductivity

reduced by a factor of 2.6 (Cw = 0.017). This is indicative
of poor electrical contact between mercury and steel due to

insufficient wetting of the channel walls by mercury.

At the second stage, measurements for a pair of thick-

walled pipes (40 × 10mm) with and without copper plating

were carried out (Fig. 2, b). The values of hydraulic

resistance in thick-walled pipes are higher than those for

thin-walled pipes. Copper plating has a pronounced positive

effect on the contact of liquid with the wall. The theoretical

dependence with calculated value Cw = 0.176 is close

to the obtained results in the case of a copper-plated

pipe. Without copper plating, the dependence becomes

close to the experimental points only when the relative
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wall conductivity decreases by a factor of 6.5 (Cw drops

to 0.027), which is indicative of poor contact of liquid with

the pipe wall.

The loss of wettability of the copper-plated wall over time

was also examined in the present study (Fig. 3). With this

aim in view, mercury was kept in the copper-plated pipe for

a long time, and hydraulic resistance measurements were

performed periodically within this interval. Their results

revealed that the deviation of subsequent measurements

from the first one reaches a constant level of ∼ 15%.

Thus, experimental hydraulic resistance measurements

were carried out during the flow of liquid metal in a

transverse magnetic field in round pipes with different

thicknesses of walls with and without copper plating of

the internal surface. Experiments revealed the influence of

wall thickness and copper plating of the internal surface on

the liquid−wall contact and the hydraulic resistance. Semi-

empirical dependences characterize well the results obtained

for copper-plated pipes. In the case of non-copper-plated

walls, the results are underestimated by a factor of 3−7,

and an experimentally determined correction to the relative

conductivity coefficient is needed in order to obtain a correct
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Figure 2. Hydraulic resistance during the flow of liquid metal

in a transverse magnetic field. a — Thin-walled round pipe

(40× 2.5mm); b — thick-walled round pipe (40× 10mm).
Re = (10−40) · 103, Ha = 0−1800.
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Figure 3. Deviation of the hydraulic resistance coefficient

from the initial measured value as a function of duration of the

experiment with liquid metal in the circuit.

description of conductivity. The obtained data provide an

opportunity to make an allowance for the effect of poor

wall wettability on the hydraulic resistance of liquid metal

in a magnetic field both in completed experimental studies

and in those that are at the planning stage.
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