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It is typically assumed that the kinetic and magnetic helicities play a crucial role in the growth of

large-scale dynamo. In this paper, we demonstrate that helicity is not essential for the amplification

of large-scale magnetic field. For this purpose, we perform nonhelical magnetohydrodynamic

(MHD) simulation, and show that the large-scale magnetic field can grow in nonhelical MHD

when random external forcing is employed at scale 1/10 the box size. The energy fluxes and shell-

to-shell transfer rates computed using the numerical data show that the large-scale magnetic energy

grows due to the energy transfers from the velocity field at the forcing scales. Published by AIP
Publishing. [http://dx.doi.org/10.1063/1.4997779]

I. INTRODUCTION

The generation of magnetic field in stars, planets, and

galaxies is explained by the dynamo effect wherein the

stretching, twisting, and folding of magnetic field lines by

flow generate and maintain the magnetic field.1–3 If the mag-

netic field is generated at the largest scales of the system, it

is referred to as large-scale dynamo (LSD),4–7 whereas if it

grows at small scales, it is termed small-scale dynamo

(SSD).8–10 Large-scale dynamos are observed in Earth, Sun,

galaxies, and in experimental dynamos.11–16

The magnetic Prandtl number (Pm) is an important

parameter for dynamo studies. The magnetic Prandtl number

for planets and stars is very small, whereas for galaxies it is

very large.17 Researchers have observed small-scale and large-

scale dynamos in numerical simulations for both small and

large magnetic Prandtl numbers.6,8,9,18 Note that the magnetic

Prandtl number is the ratio of kinematic viscosity (�) and the

magnetic diffusivity (g), and the magnetic Reynold number

Rm ¼ UL=g, where U and L are the large-scale velocity and

length, respectively. In a helical magnetohydrodynamic

(MHD) simulation for Pm � 1, Brandenburg5 observed the

growth of a large-scale dynamo, which was attributed to the a-

effect in mean-field MHD. Brandenburg6 reported a large-

scale dynamo for Pm � 1. He however argued that helicity

plays a crucial role in the growth of a large-scale magnetic

field. Candelaresi and Brandenburg19 also stressed the require-

ment of helicity for large-scale dynamos.

Yousef et al.20 observed growth of a large-scale magnetic

field in a nonhelical MHD under the application of a linear

shear. For fully helical flows with Pm < 1, Subramanian and

Brandenburg7 observed growth of both the small-scale and

the large-scale magnetic fields. Karak et al.21 studied large-

scale dynamo transition for Pm ¼ 1 by varying the helicity in

the system and reported a critical helicity below which no

large-scale field was observed. Ponty and Plunian22 studied

the transition between large-scale and small-scale dynamos

using a helical flow. For Pm < 1, as they increased Rm, they

observed the transition from a large-scale dynamo to a small-

scale dynamo.

The growth of a large-scale dynamo is generally attrib-

uted to the a-effect in a system.5 Here, the growth of the mag-

netic field is characterized by a parameter, a, which is

proportional to the kinetic helicity.1,23–25 Based on the numer-

ical simulations of rotating convective dynamos, Guervilly

et al.26,27 proposed that large-scale vortices can generate a

large-scale dynamo for the magnetic Reynolds number large

enough for dynamo action and small enough not to sustain

small-scale magnetic field. This is because the small-scale

magnetic field suppresses the formation of large-scale vorti-

ces. Similar observations have been reported by Tobias

et al.28 They also observed that the large-scale field is effi-

ciently produced for small Pm (<1), but it is not so for

Pm > 1; for large Pm, the large-scale vortices are destroyed

by the small-scale field.

The aforementioned work appears to indicate that

kinetic and magnetic helicities are important for the growth

of large-scale magnetic field. Note however that R€adler and

Brandenburg29 observed large-scale magnetic field generated

through the a-effect in mean-field dynamo theory, where the

kinetic helicity was zero. In this paper, we show that helicity

is not essential for the above process. We perform direct

numerical simulation of nonhelical MHD with forcing in the

intermediate regime (k ¼ ½10; 12�, between small-k modes

corresponding to the box size and the dissipative large-k
modes), and demonstrate that the large-scale dynamo occurs

due to the energy transfers from the velocity field at forcing-

scale to the large-scale magnetic field. The energy transfers

are quantified using the method proposed by Dar et al.30 and

Verma.24 We however remark that an injection of appropri-

ate kinetic and magnetic helicities may increase the growth

rate of large-scale magnetic field.24,31,32

Kumar et al.10,33 computed the energy transfers in small-

scale and large-scale dynamos using a similar scheme, but the
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forcing in their simulations was at large scales. In the large-

scale dynamo of Kumar et al.,33 the dominant energy transfer

to the magnetic field was at the forcing length scale of the

velocity field, which was the largest length scale of the sys-

tem. Debliquy et al.34 studied energy transfers in decaying

MHD for the unit Pm. They used logarithmically binned

wavenumber shells to compute various energy fluxes and

shell-to-shell energy transfers, similar to that of Dar et al.30

On the other hand, Alexakis et al.35 used linearly binned shells

to quantify the energy transfers in MHD and reported local

transfers between the same fields, but velocity to magnetic

transfers were predominantly nonlocal. Moll et al.36 employed

Alexakis et al. method35 and quantified the shell-to-shell

energy transfers in a small-scale dynamo. They observed that

during the dynamo growth, energy transfers take place from

large-scale velocity field to small-scale magnetic field. Note

that Alexakis et al.,35 Moll et al.,36 and Kumar et al.10,33

forced the large-scale velocity field, whereas in this paper, the

forcing is in the intermediate-scale. We show that this kind of

forcing allows the magnetic field to grow at large scales.

The paper is organized as follows: In Sec. II, we present

the governing MHD equations and the formalism for the cal-

culation of energy fluxes and shell-to-shell energy transfer

rates. Details of numerical simulation are presented in Sec.

III. In Sec. IV, we present results of the forced MHD simula-

tion for Pm ¼ 1. Finally, in Sec. V we summarize our simu-

lation results.

II. FORMULATION OF THE PROBLEM

The governing equations for the dynamo process are24

@tuþ u � rð Þu ¼ �r p

q

� �
þ J� b

q
þ �r2uþ F; (1)

@tbþ ðu � rÞb ¼ ðb � rÞuþ gr2b; (2)

r � u ¼ 0; (3)

r � b ¼ 0; (4)

where u is the velocity field, b is the magnetic field, J ¼ r
�b is the current density, p is the thermal pressure, q is the

fluid density, and F is the external force field. We assume

the flow to be incompressible, and choose the density to

unity. In this paper, we solve the above equations using com-

puter simulation, and show that the large-scale magnetic

field grows due to energy transfers to it from the velocity

field at the forcing scales.

In order to quantify the energy transfers between veloc-

ity and magnetic fields, we compute energy fluxes and shell-

to-shell energy transfer rates using the formulation of Dar

et al.,30 Verma,24 and Debliquy et al.34 The energy flux from

the region X (of wavenumber space) of l field to the region

Y of b field is defined as

Pl;X
b;Y ¼

X
k2Y

X
p2X

SblðkjpjqÞ; (5)

where SblðkjpjqÞ is the energy transfer rate from mode p of

l field to mode k of b field, where the mode q acts as a

mediator. The triadic modes (k; p; q) satisfy a condition k

þpþ q ¼ 0. As an example, the energy transfer rate from

uðpÞ to bðkÞ is30

SbuðkjpjqÞ ¼ =ð k � bðqÞ½ � bðkÞ � uðpÞ½ �Þ; (6)

where = denotes the imaginary part of the argument, and

bðqÞ acts as a mediator.

The energy fluxes in MHD turbulence are: Pu<
u>ðk0Þ;

Pu>
b<ðk0Þ; Pb<

b>ðk0Þ; Pu<
b>ðk0Þ; Pu<

b<ðk0Þ, and Pu>
b>ðk0Þ. Here,

< and> represent the modes residing inside and outside the

sphere of radius k0, respectively. A schematic representation

of the above energy fluxes, and the kinetic and the magnetic

energy dissipation rates are illustrated in Fig. 1. In particular,

the energy flux from outside of the u-sphere of radius k0 to

inside of the b-sphere of the same radius is defined as

Pu>
b<ðk0Þ ¼

X
jkj<k0

X
jpj>k0

SbuðkjpjqÞ: (7)

For MHD turbulence, Dar et al.30 also formulated the

shell-to-shell energy transfer rates, which facilitate us with a

refined picture of the energy transfers in wavenumber space.

In MHD, there are three kinds of shell-to-shell energy trans-

fer rates:24,30 from velocity to velocity field (U2U), from

magnetic to magnetic (B2B), and from velocity to magnetic

FIG. 1. A schematic diagram depicting the energy fluxes, and the kinetic

and the magnetic energy dissipation rates in MHD turbulence.
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(U2B). The shell-to-shell energy transfer from the m-th shell

of l field to the n-th shell of b field is defined as24,30,34

Tb;l
n;m ¼

X
k2n

X
p2m

SblðkjpjqÞ: (8)

For example, the shell-to-shell energy transfer rate from the

m-th shell of u field to the n-th shell of b field is

Tb;u
n;m ¼

X
k2n

X
p2m

SbuðkjpjqÞ: (9)

Kumar et al.10 used the above shell-to-shell transfer

computation scheme to study the energy transfers in a small-

scale dynamo with Pm ¼ 20. Kumar et al.33 carried out simi-

lar studies in a dynamo with Pm ¼ 0:2. In both these cases,

the velocity field was forced at large scales, and the growth

of magnetic field was observed at small and intermediate

scales. In this paper, however, we force the velocity field at

intermediate scales so that the growth of a large-scale mag-

netic field could be observed.

In Sec. III, we will discuss the numerical framework for

the dynamo simulation.

III. DETAILS OF NUMERICAL SIMULATION

Using a pseudo-spectral code Tarang,37 we solve Eqs.

(1)–(4) in a three-dimensional box of size ð2pÞ3 with peri-

odic boundary conditions in all three directions. The grid

size for our simulation is N3 with N¼ 512. We employ the

Runge-Kutta fourth order (RK4) scheme for time stepping,

2/3 rule for dealiasing, and CFL criterion for choosing Dt.
We nondimensionalize the velocity field and the magnetic

field (in Alfv�enic units) using the velocity scale U, and posi-

tion vector using the length scale L, and time using L/U.

Hence, the time unit in our simulation is the eddy turnover

time L/U. In our simulation, we choose � ¼ g ¼ 5� 10�3;

thus, Pm ¼ 1.

We employ a nonhelical random forcing to the velocity

field in a wavenumber band k ¼ ½10; 12� such that the kinetic

energy supply rate � is a constant, and is equal to unity. The

force field is defined as38

FðkÞ ¼ AðkÞuðkÞ þ BðkÞxðkÞ; (10)

where xðkÞ ¼ r � uðkÞ, and AðkÞ and BðkÞ are the real

coefficients. Note that the forcing is employed at an interme-

diate scale, which is between the large scales (k � 1) and the

dissipative scale (k � N=2). The energy feed to the system

due to the above forcing is

FðkÞ ¼ < uðkÞ � F	ðkÞ½ �
¼ 2AðkÞEuðkÞ þ 2BðkÞHðkÞ; (11)

where EuðkÞ ¼ 1
2

uðkÞ � u	ðkÞ�½ is the kinetic energy, HðkÞ ¼ 1
2

<½u	ðkÞ � xðkÞ� is the kinetic helicity, < is real part of the

argument, and
P

k FðkÞ ¼ �, the total kinetic-energy supply

rate. We take BðkÞ ¼ 0 ensuring that the supply of kinetic hel-

icity vanishes. We only supply constant kinetic energy. As a

result, in our simulation, the total kinetic helicity,
Ð
ðu � xÞ=2dr

(dr is the volume element), and magnetic helicity,
Ð
ða � bÞ=

2dr (a is the vector potential), are of the order of 10�2, which

are much smaller than the total kinetic energy,
Ð
ðu2=2Þdr, and

the total magnetic energy,
Ð
ðb2=2Þdr, which are of the order of

unity in the steady state.

For the initial conditions, we employ a random velocity

field at all the wavenumbers, and the seed magnetic field at

large wavenumbers (k � 10). The initial magnetic field is

applied only at large wavenumbers in order to test the growth

of magnetic field at small wavenumber (k< 10). The simula-

tion is carried out for until t ¼ tfinal ¼ 127 time units (eddy

turnover times). During the final stages, the Reynolds num-

ber Re ¼ UL=� � 100. Note that Rm ¼ Re.

In the present paper, our main focus is to compute the

energy fluxes and shell-to-shell energy transfers during the

magnetic energy growth. For the flux computations, we con-

struct wavenumber spheres with their centre at the origin and

their radii as 2.0, 4.0, 8.0, 9.6, 11.6, 13.9, 16.8, 20.2, 24.3,

29.2, 35.1, 42.2, 50.8, 61.1, 73.5, 88.4, 106.4, 128.0, and

256.0. For the computation of the shell-to-shell energy trans-

fers, we divide the Fourier space into 19 shells with the shell

centre at the origin. The inner and outer radii of the nth shell

are kn�1 and kn, respectively. The aforementioned radii are

used for the construction of wavenumber shells. The shells

in the inertial range are logarithmically binned keeping in

mind the power law physics here.

In Sec. IV, we discuss our numerical results.

IV. RESULTS

As described in Sec. III, we force the velocity field ran-

domly in the wavenumber band k ¼ ½10; 12� and show that

the magnetic energy at large-scales (k � 1) grows due to a

complex energy transfer. We carry out our simulation until

t ¼ tfinal ¼ 127 eddy turnover times at which time Re ¼ Rm

� 100.

We present the time-evolution of the total kinetic and

the total magnetic energies in Fig. 2. In the early stages of

simulation, the magnetic energy decreases quickly from its

initial value; this is a transient phenomenon. The mechani-

cal energy cascades to small scales where it is dissipated

by Joule heating. After t � 5, the magnetic energy grows

with time, as observed in the dynamo simulations. Finally,

FIG. 2. Evolution of kinetic energy (Eu) and magnetic energy (Eb) with

time. In the saturated state Eu=Eb � 1:4.
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the kinetic and magnetic energies attain saturation near

t � 100. During the saturation, the ratio Eu=Eb � 1:4, which

is close to an equipartition, as reported in many numerical

simulations.8,10,39–41 It has been observed in many numerical

simulations that the magnetic energy tends to saturate in

30� 50 time units.4,8,39 However, saturation in our simula-

tion occurs around 100 time units. We did not continue the

simulation further, because our study is mainly focused on

energy transfers during the large-scale magnetic field growth

phase.

In Fig. 3, we show the density plot of the current density

jr � bj at t¼ 5 and at t¼ 127 (the final stage of the simula-

tion). The initial current density at t¼ 5 shows small islands

of intense jJj [Fig. 3(a)], while the plot for the final stage

dynamo shows large islands of intense jJj [Fig. 3(b)]. We also

plot the y-component of the magnetic field, By, at initial and

final stages of the simulation (shown in Fig. 4). Initially, the

magnetic field has small-scale structures, but in the later stages

magnetic field appears with large-scale structures. These fig-

ures demonstrate growth of large-scale magnetic field.

To quantify the evolution of magnetic and kinetic ener-

gies at different scales, we plot time-evolution of magnetic

(EbðkÞ) and kinetic (EuðkÞ) energy spectra, which are shown

in Figs. 5(a) and 5(b), respectively. As we have discussed in

Sec. III, the initial stage magnetic energy at t¼ 0 is present

only at the wavenumbers k � 10, i.e., at small and intermedi-

ate scales of the system. In the figure, the forcing wavenum-

ber band k ¼ ½10; 12� is shown by a shaded region. As the

simulation progresses, the magnetic energy grows at smaller

wavenumbers (k< 10) or large length scales, as shown in

Fig. 5(a). The growth of magnetic energy at k¼ 1, 2 (large

scales) demonstrates a large-scale dynamo.

In Fig. 6, we show the magnetic and kinetic energy

spectra for t¼ 91 to 127 time units. The figure clearly dem-

onstrates that the energy spectra have reached saturation. In

Fig. 7, we plot rK ¼ jHKðkÞj=ðkEuðkÞÞ and rM ¼ kjHMðkÞj=
EbðkÞ for t¼ 61, which is the intermediate time before satu-

ration. Here, HKðkÞ;HMðkÞ are the kinetic helicity and the

magnetic helicity spectra, respectively. The smallness of rK and

rM indicates that the helicities are negligible in our simulation.

We compute velocity and magnetic integral length

scales, which are defined as Lu ¼ 2p
Ð

k�1EuðkÞdk=
Ð

EuðkÞ
dk and Lb ¼ 2p

Ð
k�1EbðkÞdk=

Ð
EbðkÞdk, respectively. We

plot Lu and Lb in Fig. 8. At t¼ 0, the magnetic energy is con-

centrated only at small and intermediate scales; hence, Lb is

smaller than Lu. But at later times during the magnetic

energy growth, Lb quickly grows larger than Lu. In the final

stages Lb=Lu � 3, which again corroborates the growth of a

large-scale magnetic field in the system.

In Secs. IV A and IV B, we will focus on energy trans-

fers between velocity and magnetic fields during the mag-

netic energy growth.

A. Energy fluxes

In this section, we compute energy fluxes of MHD tur-

bulence for wavenumber spheres with radii mentioned in

Sec. III. We perform these computations at different times.

In Fig. 9, we illustrate Pu>
b< (u > to b <) and Pb<

b> (b < to

FIG. 3. Density plots of current density jr � bj for a cross-section of the

cube (a) at t¼ 5 and (b) at t¼ 127. In the early stages of dynamo, strong cur-

rents are present at small scales, while relatively large-scale currents are

observed in the final stage.

FIG. 4. The y-component of the magnetic field (By) in physical space at (a)

t¼ 5 and (b) t¼ 127. The magnetic field has large-scale structures at

t¼ 127.

FIG. 5. (a) The magnetic energy spectrum (EbðkÞ) and (b) kinetic energy

spectrum (EuðkÞ) at various times. The growth of magnetic energy takes

place at small wavenumbers or large scales. The velocity field is forced at

wavenumber band k ¼ ½10; 12�, shown as the grey band in the figures.
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b >) for various spheres. For the following discussion, it is

important to keep in mind that the forcing wavenumber band

k ¼(10–12), shown as the grey strip in the figure, lies beyond

the fourth sphere, but inside the fifth sphere.

Figure 9(a) indicates that Pu>
b<ðk � 9Þ > 0 throughout the

simulation. Also, Pu>
b< is most dominant for k � 10 indicating

a local energy transfer. This feature indicates that the large-

scale magnetic field receives energy from the velocity field

u >, which is one of the prime sources for the large-scale

dynamo. As shown in Fig. 9(b), at t¼ 0.05, Pb<
b>ðk ¼ 9Þ < 0

indicating an inverse cascade of magnetic energy at early

times. These energy transfers strengthen the large-scale mag-

netic field. This energy transfer is reminiscent of quick spread

of energy to larger wavenumbers in hydrodynamic turbulence.

Here in MHD turbulence, we observe that the small wave-

number magnetic modes receive energy from the velocity and

magnetic modes (u >; b >) due to nonlinear interactions.

As the magnetic energy at k< 10 grows after initial tran-

sients, the energy flux Pb<
b> becomes positive, indicating a

forward cascade of magnetic energy. This result is consistent

with Pb<
b> computations under steady state.10,34 The energy

flux Pu>
b< is positive for k< 10 that yields steady growth of

large-scale magnetic field till saturation.

In Fig. 10, we illustrate various energy fluxes for the

wavenumber sphere of radius k¼ 8 at t ¼ 0:05; 14; 55, and

FIG. 6. (a) The magnetic energy spectrum (EbðkÞ) and (b) kinetic energy spec-

trum (EuðkÞ) during the final stage when saturation has taken place. The grey

strip indicates the forcing wavenumber band k ¼ ½10; 12�, as illustrated in Fig. 5.

FIG. 7. At t¼ 61, the plots of rK ¼ jHKðkÞj=ðkEuðkÞÞ and rM ¼ kjHMðkÞj=
EbðkÞ with HKðkÞ;HMðkÞ as the kinetic helicity and the magnetic helicity

spectra, respectively. The grey strip indicates the forcing wavenumber band

k ¼ ½10; 12�. rK ; rM 
 1 indicate that helicities are small in our simulations.

FIG. 8. Time-evolution of velocity and magnetic integral length scales (Lu,

Lb). In the final stages Lb=Lu � 3.

FIG. 9. Plots of energy fluxes Pu>
b<ðkÞ and Pb<

b>ðkÞ vs. k. The inset exhibits a

zoomed view of the energy flux near the forcing wavenumber range. The

shaded regions represent the forcing wavenumber band.
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FIG. 10. Schematic diagrams repre-

senting the energy fluxes and dissipa-

tion rates for wavenumber sphere k¼ 8

at different times: (a) t¼ 0.05, (b)

t¼ 14, (c) t¼ 55, and (d) t¼ 127.
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127. The large-scale magnetic field receives energy mainly

via Pu>
b<, and via Pb>

b< at initial times. Note that the accumu-

lated energy dissipates minimally due to the k2 factor of

gk2EbðkÞ. Thus, the magnetic energy locked at large-scales

remains there for a long time. Noticeably, Pb<
b> is positive

after initial transients when it is negative.

In Sec. IV B, we will discuss the shell-to-shell energy

transfers during the magnetic energy growth.

B. Shell-to-shell energy transfers

Energy fluxes provide information about the cumulative

energy transfers in wavenumber space. For a refined picture

of energy transfers, we compute shell-to-shell energy trans-

fers among velocity and magnetic fields for the wavenumber

shells described in Sec. III. The first six wavenumber shells

are (0, 2), (2, 4), (4, 8), ð8; 9:6Þ; ð9:6; 11:6Þ, and ð11:6; 13:9Þ.
Since the forcing wavenumber band is k ¼(10–12), it lies in

the fifth and sixth shells.

In Fig. 11, we illustrate the shell-to-shell energy transfer

rates, B2B (magnetic to magnetic) and U2B (velocity to mag-

netic) at t¼ 0.05 (initial phase) and at t¼ 127 (final phase). The

indices of the vertical and horizontal axes represent the giver

and receiver shells, respectively. The figure indicates that the

shell m gives energy most dominantly to ðmþ 1Þ, but receives

energy from ðm� 1Þ. Thus, both B2B and U2B energy trans-

fers are local and forward, except those involving the forcing

wavenumbers (to be discussed below). This result is similar to

what has been reported by Kumar et al.33

However, in the initial stages (t¼ 0.05), both u and b
fields in the forcing band transfer energy to the magnetic field

at lower wavenumbers. This feature is clearly visible in the

zoomed view of the energy transfers for the shells 3 to 5 (see

Fig. 12). The most dominant transfers are from the fifth shell

(containing the forcing band) to n¼ 3 and 4. These inverse

energy transfers are responsible for the growth of large-scale

magnetic field. We summarise the above findings in Fig. 13

that shows energy transfers from u > to b <, and b > to b <

FIG. 11. The magnetic to magnetic

energy transfers, B2B (top row), and

the velocity to magnetic energy trans-

fers, U2B (bottom row) at t¼ 0.05 (a)

and (c) and t¼ 127 (b) and (d). The

energy transfers corresponding to the

boxes of sub-figures (a) and (c) are

shown in Fig. 12. The vertical axes

depict the giver shells, while the hori-

zontal axes represent the receiver

shells.

FIG. 12. A zoomed view of the shell-

to-shell energy transfer rates B2B and

U2B at t¼ 0.05, corresponding to the

boxes of Figs. 11(a) and 11(c).
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(in the early phases). Note however that the inverse transfer

of B2B transfers is applicable only in the initial stages.

Another noticeable nonlocal shell-to-shell energy trans-

fer is U2B from the forcing wavenumber band. The fifth

shell of u field transfers energy to the b field of shells 1 to 10

[see Fig. 11(d)]. These energy transfers are responsible for

the strengthening of the magnetic field at large-scales as well

as at the intermediate scales.

V. CONCLUSIONS

It is normally assumed that the kinetic and/or magnetic

helicities are very important for the growth of large-scale

magnetic field (or large-scale dynamo) when the forcing is

employed at intermediate scales. In this paper, we show that

a large-scale dynamo can occur in nonhelical MHD. We per-

form a direct numerical simulation on a 5123 grid with non-

helical forcing at intermediate wavenumbers k ¼ ½10; 12�.
Both kinetic and magnetic helicities are negligible, and the

initial magnetic field is present at k � 10. We observe that

the magnetic field at large scales grows due to energy trans-

fers from the forcing wavenumber band.

To investigate the growth of large-scale magnetic field,

we study the energy flux and shell-to-shell energy transfer.

Our detailed analysis shows that the velocity and magnetic

fields at forcing wavenumbers supply energy to the magnetic

field at large scales. The aforementioned B2B energy transfer

occurs in the initial stage, but U2B energy transfer persists

for all the time. The magnetic energy thus accumulated at

large scales is weakly dissipated due to the k2 factor in the

magnetic dissipation gk2EbðkÞ. Also, large-scale magnetic

field receives energy from the large-scale velocity field that

aids the growth of the large-scale magnetic field.

Thus, we demonstrate that the large-scale magnetic field

can be amplified without kinetic and/or magnetic helicities.

The growth of the magnetic field however will be enhanced

in the presence of helicity. Verma24 observed that the mag-

netic energy flux due to helicity is

Pb<
ðb>;u>Þhelical ¼ �ar2

M þ brMrK; (12)

where rK ¼ HKðkÞ=ðkEuðkÞÞ and rM ¼ kHMðkÞ=EbðkÞ with

HK and HM as the kinetic helicity and the magnetic helicity,

respectively. Note that the magnetic energy flux due to helic-

ities is negative (inverse cascade) when rMrK < 0. The afore-

mentioned helical energy flux is in addition to the forward

B2B flux.24,34 Similar observations regarding helicity have

been made by Pouquet et al.31 and Brandenburg.5 Thus, the

inverse magnetic energy flux induced by helicity aids to the

amplification of the large-scale magnetic field. It will be

interesting to extend the analysis of the present paper to the

helical regime and investigate the large-scale magnetic field.

In conclusion, we show that kinetic and magnetic helic-

ities are not absolute requirements for the growth of mag-

netic field.
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