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RESUMEN

que describen la distribución de velocidades. Algunos fenómenos naturales que presentan estas funciones son 
los huracanes, los cuales son generados por las diferencias de presión; los ciclones, cuya fuente primaria de 
energía es el gradiente horizontal de temperatura, y los remolinos, que están ligados al gradiente de presión 
hidrostático. En el caso particular de los remolinos, éstos generan velocidades secundarias, las cuales son 

fenómeno también se observa en tornados, donde la fuerza centrífuga es mayor en la parte superior y luego 
va disminuyendo hacia el fondo, mientras que en los ríos se detecta particularmente en curvas y uniones 

-
terización es fundamental. El objetivo de este estudio fue estimar las velocidades secundarias en la unión de 
dos ríos, a partir de mediciones de campo realizadas con medidores acústicos Doppler. Un segundo objetivo 

lo que su entendimiento ayudará a pronosticar cambios morfológicos en los ríos.

ABSTRACT

Fluid dynamics has the purpose of understanding the movement of liquids and gases by functions that 
describe the distribution of velocities. Some natural phenomena that present these functions are hurri-
canes, generated by pressure differences; cyclones, developed by the horizontal temperature gradient; 
and eddies, associated with a hydrostatic pressure gradient. In the particular case of eddies, they generate 

addition, this phenomenon is observed in tornados, where the centrifugal force is greater in the upper layer 
and decreases towards the bottom, whereas the pressure gradient moves from a high to a low pressure; 
while in rivers it is detected particularly in bends or joins. Understanding the development of secondary 

hence their characterization is fundamental. The objective of this study was to obtain the secondary 
velocities developed as an effect of the union of two water currents, based on data acquired from Doppler 
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ghhgev."c"mkpf"qh"tguwnvu"vjcv"ctg"fkhÝewnv"vq"qdvckp"kp"cp{"qvjgt"yc{0"Vjg"Þqy"ogejcpkuou"ctg"tgncvgf"ykvj"
erosion and sedimentation processes; therefore, understanding them might help to evaluate and predict mor-
phological changes in rivers.

Keywords: Hnqy"uvtwevwtg."CFER."xgnqekv{"Ýgnf0

1. Introduction

Wpgswcn" hqtegu" igpgtcvg" xgnqekv{" eqorqpgpvu" qp"
c"fktgevkqp"vtcpuxgtug"vq"vjg"Þqy."yjkej"rtqfwegu"
c"ektewncvkqp"pcogf"ugeqpfct{"ewttgpv0"Vjku"Þqy."
coupled with the longitudinal movement, causes a 
jgnkecn"Þqy"vjcv"hqtou"qt"oqfgnu"vjg"ugevkqp"kpvq"
vjg"ewtxgu"*Rgtmkpu."3;92+0"Hwtvjgtoqtg."kv"ku"uvcvgf"
vjcv"kv"ku"pqv"rquukdng"vq"tgcej"cp"cfgswcvg"fguetkr-
vkqp"qh" vjg"Þqy" kp" ewtxgu"qt" ujcnnqy"ycvgt" htqo"
one-dimensional models and even from classical 
two-dimensional models, such as the Saint-Venant 
gswcvkqpu."fwg"vq"vjg"guugpvkcnn{"vjtgg/fkogpukqpcn"
pcvwtg"qh"vjg"Þqy"*Ygdgt."4229+0"Ikxgp"vjgug"hcevu."
a better understanding of hydrodynamics presented 
kp"ewtxgu"cpf"lwpevkqpu."ejctcevgtk¦gf"ockpn{"d{"vjg"
ugeqpfct{"Þqy."ku"pgeguuct{0"Vjg"xgnqekv{"qp"vjgug"
ctgcu"ku"pqv"wpkhqton{"fkuvtkdwvgf"*Qficctf."3;:4+="
tcvjgt."kv" ku"nqictkvjoke"fwg"vq"vjg"Þqy"tgukuvcpeg"
produced by the bottom when turning on the same 
radius.

Hydrometric windlasses are used in traditional 
measurements of currents in channels (Priego et al., 
4234+="jqygxgt."vjgug"ctg"qpn{"cdng"vq"ogcuwtg"vjg"
ocipkvwfg"qh" vjg"xgnqekv{"xgevqt" kp" vjg"ockp"Þqy"
fktgevkqp0"Kp"tgegpv"{gctu."kp"qtfgt"vq"gzrgtkogpvcnn{"
ejctcevgtk¦g"vjg"xgnqekv{"Ýgnf"cpf"Þqy"fkuejctig"kp"
tkxgt"gpxktqpogpvu."ceqwuvke"Fqrrngt"ewttgpv"rtqÝn-
gtu"*CFER+"jcxg"dggp"fgxgnqrgf0"Jqygxgt."kvu"wug"
kp"Ogzkeq" ku" uvknn" kpekrkgpv."ockpn{"fwg" vq" ncem"qh"
knowledge about its use and capabilities. In most of 
vjg"fqewogpvgf"ecugu."kvu"wug"kp"Ogzkeq"ku"nkokvgf"
hqt"Þqy"ogcuwtgogpv"rwtrqugu."yjkej"tguwnvu"kp"jkij"
equvu"ukpeg"vjgug"fgxkegu"ctg"gzrgpukxg"cpf"tgswktg"
skilled personnel for its operation. These devices 
base their functioning on sound, in order to measure 
the particles suspended in water and obtain velocity 
eqorqwpfu"qh"vjg"Þqy"kp"vjtgg"fktgevkqpu0"Htqo"vjku"
mkpf"qh"fcvc"cpf"crrn{kpi"vjg"Tq¦qxumkk"fgxgnqrogpv"
*3;79+."kv"ku"rquukdng"vq"guvkocvg"vjg"ugeqpfct{"ewt-
tgpvu"vjtqwij"vjg"hqnnqykpi"gswcvkqp<

v2

r = gSr + = 0
1

ρ
∂τr

∂z
" *3+

where v is the velocity, と is the water density, r the 
curvature radius, Sr the cross slope, kr the transverse 
shear force, and g the acceleration of gravity. The 
Ýtuv"vgto"kp"Gs0"*3+"ku"vjg"egpvtkhwicn"ceegngtcvkqp."
the second is related to the slope of water on a 
transverse surface, and the third is the turbulent 
shear force.

Tq¦qxumkk" *3;79+" cpf"Mkmmcyc" et al0" *3;98+"
kpfkecvgf"vjcv"vjg"ocipkvwfg"qh"vjg"ugeqpfct{"Þqy"
is directly related to the water depth for the curva-
vwtgÓu"tcfkwu"cpf"vjg"xgtvkecn"rtqÝngu"qh"vtcpuxgtug"
xgnqekv{."yjkej"xct{"ukipkÝecpvn{"ykvj"vjg"Þqy"tg-
sistance of the bottom. However, secondary currents 
kp" vjg" eqpÞwgpegu" ctg" ejctcevgtk¦gf" d{" eqorngz"
hydrodynamic conditions and which knowledge is 
essential for the development of a general theory; 
jqygxgt." cv" rtgugpv" hgy" Ýgnf" fcvc" ctg" cxckncdng"
*Dguv."3;:9="Dtkfig."3;;5="Yggtcmqqp"et al0."3;;3+0"
Uqog" eqpegrvwcn"oqfgnu." dcugf" qp" gzrgtkogpvcn"
work (Lane et al., 1998; Roberts, 2004; Song et al., 
4234+"kpfkecvgf"vjcv"vjg"j{ftqf{pcoke"ejctcevgtku-
vkeu"qh"vjg"eqpÞwgpegu"kpenwfg"cp"ctgc"qh"uvcipcpv"
Þqy" wruvtgco."yjkej" igpgtcvgu" c" ujgct" nc{gt" qt"
ugevkqp"*cdtwrv"ejcpig"qp"fktgevkqp"qh"xgnqekvkgu+"
dgvyggp"vjg"lwpevkqp"qh"vjg"vyq"Þqyu0"Vjg"uwthceg"
of this convergence generates a helical cell on each 
ukfg"qh"vjg"ujgct"nc{gt."cpf"Þqy"ugrctcvkqp"qeewtu"
koogfkcvgn{"fqypuvtgco"qh"vjg"eqpÞwgpeg"*Oqung{."
3;98="Dguv."3;:9+0

Tq¦qxumkk" *3;79+" cpf"Dcvjwtuv" et al0" *3;99+"
wugf" gngevtqocipgvke" Þqy"ogvgtu" kp" fgvgtokpkpi"
the transverse and longitudinal components of the 
velocity vector. Other authors such as Rhoads and 
Mgpyqtvj{" *3;;7+"rtqrqugf" vq" kfgpvkh{" ugrctcvgn{"
vjg"eqpvtkdwvkqpu"qh"vjg"wpgxgp"Þqy"cpf"vjg"jgnkecn"
oqvkqp"hqt"vjg"xgnqekv{"Ýgnf"qh"etquu"ewttgpvu="cu"c"
Ýtuv"crrtqzkocvkqp."rtkoct{"cpf"ugeqpfct{"xgnqekvkgu"
were calculated, and the components of the cross 
currents were determined.

Primary (vp+"cpf"ugeqpfct{"*vs+"xgnqekvkgu."fgÝpgf"
by Bathurst et al0" *3;99+"ygtg" vjg" eqorqpgpvu"qh"
the resulting velocity (vr+"cv"uqog"fgrvj"qp"vjg"Þqy"
eqnwop"*Hki0"3+."yjkej"ycu"qtkgpvgf"kp"c"fktgevkqp"
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parallel and orthogonal to the average depth of the 
xgnqekv{"xgevqt"qp"vjg"xgtvkecn"*Hki0"4+0"Vjgug"xgnqe-
ities were calculated as:

vp = vr cos (l"Î"æ+" *4+

vs =vr sin (l"Î"æ+" *5+

where , l" ?" tan–1 (v x /  v y+ ,  and 
Ø = tan–1 (Vx / Vy+0"Vy"ycu"vjg"cxgtcigf"etquu/Þqy"
velocity on the depth, Vx the average velocity in the 
main direction, vx the velocity measured in the down-
uvtgco"fktgevkqp"qh"vjg"Þqy"qp"gcej"rqkpv"qh"vjg"ycvgt"
column, and vy was the transverse velocity measured 
at each point of the water column. The orientation 
qh" vjg" xgnqekv{" xgevqtÓu" cxgtcig" *æ+" qp" fkhhgtgpv"
xgtvkecnu"vjtqwij"vjg"ejcppgn"fgÝpgu"vjg"cu{oogvtke"
Þqy"rcvvgtp"qxgt"vjg"etquu"ugevkqp."eqpukfgtkpi"vjcv"
individual vp"xcnwgu"hqt"gcej"xgtvkecn"fgÝpg"cp"wpgxgp"
Þqy" kpvgpukv{" cv" rctvkewnct" nqecvkqpu" qh" vjg"ycvgt"
column. The secondary velocity vs"fgÝpgu"vjg"cxgt-
age circulation on the normal plane of the velocity 
vector at each vertical; thus, it indicates the intensity 
qh"vjg"jgnkecn"oqxgogpv"ykvjkp"vjg"cu{oogvtke"Þqy"
(Ashmore et al0."3;;4+0

Vjg"urgekÝe"qdlgevkxg"qh"vjku"uvwf{"ycu"vq"ejctce-
vgtk¦g"vjg"dgjcxkqt"cpf"ogcuwtgogpv"qh"vjg"ugeqpfct{"
Þqy" kp" vyq"ukvgu"yjgtg" vtcpuxgtug"xgnqekvkgu"ygtg"
fully developed. The second objective was to repre-
ugpv"vjg"ugeqpfct{"ektewncvkqp"kp"tkxgt"eqpÞwgpegu."
dcugf"qp"vjg"tguwnvu"ujqygf"d{"Tq¦qxumkk"*3;79+"cpf"
Bathurst et al."*3;99+0

2. Methodology

2.1 Location

The selected measurement areas were located in the 
owpkekrcnkv{"qh"Egpvtq."Vcdcueq."Ogzkeq" *Hki0"5+."
considering: (a+"vjg"eqpÞwgpeg"qh"vjg"Itklcnxc/Ect-
tk¦cn"tkxgtu"*3:³"2Ó"5:ÓÓ"P.";4³"75Ó"6;ÓÓ"Y="cpf"*b+"c"
ewtxg"fqypuvtgco"qh"vjg"eqpÞwgpeg"*3:³"2Ó"3:ÓÓ"P."
;4³"73Ó"46ÓÓ"Y+0

2.2 Measurement techniques

The measurements were performed using an ADCP 
RiverCat from Sontek®."oqfgn"O6:3" *Hki0" 6+."
oqwpvgf" qp" c" dqcv" *Hki0" 7+0" Ugxgp" etquu/ugevkqpu"
qp"vjg"eqpÞwgpeg"qh"vjg"tkxgt"ygtg"ugngevgf."cu"ygnn"
as eight sections on the curve. These measurements 
were carried out by traveling from the left to the right 
dcpm."jcxkpi"crrtqzkocvgn{"42"o"qh"urceg"dgvyggp"
each transverse, as shown in Fig. 6a, b, respectively. 
In each cross-section, three measurements were made 
and an average discharge was obtained.

2.3 Data processing

Data were collected with the RiverSurveyor software 
*Uqpvgm." 4229+." cpf"XkgyCFR" uqhvyctg" *Uqpvgm."
4229+"ycu"wugf"vq"qdvckp"vjtgg/fkogpukqpcn"xgnqekvkgu"

r

z

vs

vp

Fig. 1. Velocity vector components on a water column 
*cfcrvgf"htqo"Ykpvgtygtr"et al.."4228+

vs

vs vp

vp

Y

X

Fig. 2. Secondary velocity perpendicular to the primary ve-
locity going downstream (adapted from Lane et al0."4222+0
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Fig. 3. Location of the study area.

Fig. 4. RiverSurveyor M481 system.

Fig. 5. ADCP, RiverCat and GPS on 
the boat.
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fcvc0"Vjg"uqhvyctg"rgtokvu"gzrqtvkpi"fcvc" vjcv"ctg"
cntgcf{"rtqeguugf" kp" hqwt"Ýngu<" vjtgg"ctg" vjg"eqo-
rqpgpvu"qh"Þqy"xgnqekvkgu"*vx, vy, vz+"cpf"vjg"hqwtvj"
contains the depths (h+0"Htqo"vjgug."cpf"dcugf"qp"
Gsu0"*4+"cpf"*5+."ugeqpfct{"cpf"rtkoct{"tcvgu"xgnqe-
kvkgu"cv"vjg"lwpevkqp"cpf"vjg"ewtxg"ygtg"kfgpvkÝgf"d{"
determining the hydrodynamics for each case.

2.4 Bathymetry and cross-section

Wukpi" vjg"Ýgnfu" vjcv"eqttgurqpf" vq" vjg"igqitcrjke"
position and depth of the stations, level curves were 
graphed using the softwares AutoCAD2007 and 
Vgernqv"582"*Vgernqv."4235+0

2.5 Digital elevation model (DEM)

ArcMap 10.1 software and a vector model (triangle 
kttgiwnct"pgvyqtm."VKP+"ygtg"cfcrvgf"vq"kfgpvkh{"vjg"
surface with varying degrees of detail, depending on 
vjg"eqorngzkv{"qh"vjg"tgnkgh."kp"qtfgt"vq"jcxg"c"engct"
idea of the river channel’s shape.

3. Results

503"EqpÞwgpeg
The secondary velocities of water in one of the 
dtcpejgu" qh" vjg" Ecttk¦cn" Tkxgt" eqphnwgpeg" ctg"
shown in Figure 7a. In Figure 7b it is notorious that 
secondary velocities are not fully developed on the 
tkijv"ukfg"*fkuvcpeg"2+="yjkng."qp"vjg"nghv"ukfg"vjgug"
velocities are clearly developed. This effect is due 
vq"vjg"j{ftcwnke"rtguuwtg"hqteg"gzgtvgf"qp"vjg"dcpm0"
Finally, the secondary currents circulation (orange 
cttqyu+"ku"tgxgcngf"kp"oqtg"fgvckn" kp"Hkiwtg"9e."cu"
well as the undermining of the river as an effect of 
these velocities.

Regarding the other branch forming the junction, 
which corresponds to station 7 on the Grijalva River 
*Hki0":c+."ugeqpfct{"xgnqekvkgu"ctg"fkurnc{gf0"Hkiwtg":d 
shows that secondary velocities on this section are 
developed in the right side due to the shear layer 
*cdtwrv"ejcpig"qp"vjg"fktgevkqp"qh"xgnqekvkgu+"dgvyggp"
vjg"lwpevkqp"qh"vjg"vyq"Þqyu0"Hkiwtg":e"ujqyu"vjcv"c"
ugeqpfct{"Þqy"ycu"qpn{"rtgugpv"qp"vjg"tkijv"ukfg"qh"
the section, and there was an over-elevation of water’s 
surface due to the radial pressure force , known as the 
etquu"unqrg"kp"vjg"ewtxg"rjgpqogpqp"*Hcne„p."3;:6+0

Regarding the measurement of the Grijalva-Car-
tk¦cn"eqpÞwgpeg"cv"uvcvkqp"3"*Hki0";c+."vjg"eqorngvgn{"
fgxgnqrgf"ugeqpfct{"ewttgpvu"ctg"gzrqugf"kp"Hki0";d."e0 
Figure 9b also shows the fully developed secondary 
velocity throughout the cross-section of the junction; 
in addition, the cross slope phenomenon can also be 
observed. Figure 9c shows the secondary circulation 
caused by the shear layer. An interesting point to 
gorjcuk¦g"ku"vjcv"vjg"ghhgev"rtqfwegf"ku"vjg"tguwnv"qh"
vjg"ugeqpfct{"Þqyu"qh"dqvj"dtcpejgu0

3.2 Curve

The secondary velocity for a transverse section in the 
fqypuvtgco"ewtxg"qh" vjg"Itklcnxc/Ecttk¦cn"eqpÞw-
gpeg"*Hki0"32c+"ku"ujqyp"kp"Hkiwtg"32d."e0"Hkiwtg"32d 
shows the secondary velocities caused by the centrif-
ugal force due to the channel curvature. The second-
ary circulation developed on the left side, where the 
undermining is found, can be observed in Figure 10c.

3.3 Plan view of velocities

Hkiwtg"33"fgrkevu"vjg"xgnqekv{"Ýgnf"kp"vjg"ockp"Þqy"
fktgevkqp."kp"qtfgt"vq"kfgpvkh{"Þqy"rcvvgtpu"ykvj"vjg"

Hki0"80"Ogcuwtgogpv"ugevkqpu<"*c+"eqpÞwgpeg="*d+"ewtxg.

a) b)
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secondary currents in the hydrodynamic operation of 
vjg"eqpÞwgpeg"*Hki0"33c."d+0"Jgtg."CFERu"ecp"igpgt-
ate these velocity vectors, and by interpolation they 
allow to generate main current lines, which are linked 
vq"eqorngz"rtqeguugu="hqt"gzcorng."vjg"vtcpurqtv"qh"
sediment or contaminants.

3.4 Digital elevation model

FGOu"qh"vjg"Itklcnxc/Ecttk¦cn"eqpÞwgpeg"cpf"c"ewtxg"
downstream, as well as the combination of secondary 
velocities obtained in different measured transverse 
sections, are shown in Figure 12a, b. This representa-
tion allows carrying out a comprehensive analysis of 
the hydrodynamic effect of these secondary velocities 
on the river channel.

4. Conclusions

The behavior of secondary currents shows a rota-
tional effect that rarely is measured and drawn. The 
ogvjqfqnqi{" rtqrqugf" d{"Tq¦qxumkk" *3;79+" cpf 

Bathurst et al. *3;99+" vq" guvkocvg" vjg" ugeqpfct{"
currents, works well compared to theoretical pre-
dictions.

Yg"ftgy"vjg"ugeqpfct{"ewttgpvu"cpf"vjgkt"fgxgn-
opments over the bed bottom. Although it needs to 
dg"eqpÝtogf."yg"hqwpf"vjcv"qxgt"vjg"tkijv"ukfg"qh"vjg"
eqpÞwgpeg"ugeqpfct{"ewttgpvu"ctg"vqvcnn{"fgxgnqrgf."
while on the left branch they can not be fully devel-
oped due the geometry.

These kinds of results and procedures are 
useful for researchers interested in studying sec-
ondary currents, and it also provides the basis 
for making changes and developments in order 
to improve the knowledge of hydrodynamic pro-
cesses and their relationship to morphodynamic 
processes in rivers.

Acknowledgments

This research was carried out within the project 
CB-2011-166068 of the CONACyT.

1.99105E+06

1.99095E+06

1.99085E+06

1.9909E+06U
T

M
U

T
M

1.9908E+06

511200 511300
UTM

515000 515200 515400 515600
UTM

511400 511500

a)

b)

Grijalva-Carrizal confluence

Curves  downstream of Grijalva-Carrizal confluence

1.991E+06

1.991E+06

1.991E+06

1.991E+06

1.991E+06

1.991E+06

1.991E+06

GRE7B

CA = Carrizal River
GR = Grijalva River curve
CO = Grijalva-Carrizal confluence

Ground velocity

CAE8B

CAE1B
CAE2B

CAE3B

CAE4B

GRG = Grijalva River curve

Ground velocity

CRGE1 CRGE2 CRGE3

CRGE4

Fig. 11. Plan view of velocities.



33Secondary currents: Measurement and analysis

References

Cujoqtg"R0"G0."T0" K0"Hgtiwuqp."M0"N0"Rtguvgicctf."R0" L0"
Cujyqtvj" cpf"E0" Rcqnc." 3;;40" Ugeqpfct{" Þqy" kp"
cpcdtcpej"eqpÞwgpegu"qh"c"dtckfgf."itcxgn/dgf"uvtgco0"
Earth Surf. Proc. Land. 17, 299-311.

Bathurst J. C., C. R. Thorne and R. D. Hey, 1977. Direct 
measurements of secondary currents in river bends. 
Nature 269, 504-506.

Best J. L., 1987. Flow dynamics at river channel con-
fluences: Implications for sediment transport and 
bed morphology. In: F. G. Ethridge, R. M. Flores 
cpf"O0"F0"Jctxg{"*Gfu0+0"Recent developments in 

fluvial sedimentology. Society of Economic Pale-
ontologists and Mineralogists Special Publication 
No. 39. Society for Sedimentary Geology, Tulsa, 
QM."rr0"49/570

Fig. 12. Secondary velocities on the DEM.

Digital elevations model and secondary velocity

Grijalva-Carrizal confluence

Digital elevations model and secondary velocity

Downstream curve Grijalva River

GRE7B

CRGE1
CRGE2

CRGE3

CRGE4

Elevation (m)

COE3B

COE4B

CA = Carrizal River

GR = Grijalva River

GRG = Grijalva River curve

CO = Confluence

CAE8B

Elevation (m)

-0.78 - -0.01
-1.46 - -0.78

-1.956 - -0.8

-3.111 - -1.956

-4.267 - -3.111

-5.422 - -4.267

-6.578 - -5.422

-7.733 - -6.578

-8.889 - -7.733

-10.044 - -8.889

-11.2 - -10.044

-1.14 - -1.46
-2.82 - -2.14
-3.5 - -2.82
-4.18 - -3.5
-4.86 - -4.18
-5.54 - -4.86
-6.22 - -5.54
-6.9 - -6.22



34 G. A. Priego-Hernández and F. Rivera-Trejo 

Bridge J. S., 1993. The interaction between channel geom-
gvt{."ycvgt"Þqy."ugfkogpv"vtcpurqtv"cpf"fgrqukvkqp"kp"
dtckfgf"tkxgtu0"Kp<"Dguv."L0"N0"cpf"E0"U0"Dtkuvqy"*Gfu0+0"
Braided rivers. Special publication 75. Geological 
Society of London, pp. 13-71.

Hcne„p"O0."3;:60"Ugeqpfct{"Þqy"kp"ewtxgf"qrgp"ejcppgnu0"
Annual Review of Fluid Mechanics. 16, 179-93.

Mkmmcyc"J0."U0"Kmgfc"cpf"C0"Mkvcicyc."3;980"Hnqy"cpf"
bed topography in curved open channels. J. Hydraul. 
Div. ASCE 102: 1327—42.

Ncpg"U0"P0."R0"O0"Dktqp."M0"H0"Dtcfdtqqm."L0"D0"Dwvngt."L0"
H. Chandler, M. D. Crowell, S. J. McLelland and A. G. 
Roy, 1998. Integrated three-dimensional measurement 
qh"tkxgt"ejcppgn"vqrqitcrj{"cpf"Þqy"rtqeguugu"wukpi"
acoustic Doppler velocimetry. Earth Surface Processes 
and Landforms 23, 1247-1267.

Ncpg"U0"P0."M0"H0"Dtcfdtqqm."M0"U0"Tkejctfu."R0"O0"Dktqp"
and A. G. Roy, 2000. Secondary circulation cells in 
tkxgt"ejcppgn"eqpÞwgpegu<"ogcuwtgogpv"ctvghcevu"qt"
eqjgtgpv"Þqy"uvtwevwtguA"J{ftqnqikecn"Rtqeguugu"14, 
2047-2071.

Oqung{"O0"R0."3;980"Cp"gzrgtkogpvcn" uvwf{"qh"ejcppgn"
eqpÞwgpegu0"Journal of Geology 84, 535-562.

Odgaard J., 1982. Bed characteristic in alluvial channel 
bends. Journal of Hydraulic Engineering, 1268-1281.

Perkins H. J., 1970. The formation of streamwise vorticity 
kp"vwtdwngpv"Þqy0"L0"Hnwkf"Ogej0"44, 721-740.

Priego G., A. Hernápfg¦."X0"Icodqc" cpf" H0" Tkxgtc."
42340"Fgvgtokpcek„p"fgn"vkgorq"fg"owguvtgq"{"rwp-
tos de aforo en una corriente natural. XXII Congreso 
Nacional de Hidráulica, Acapulco, Guerrero, noviem-
bre de 2012.

Tjqcfu"D0"N0"cpf"U0"V0"Mgpyqtvj{."3;;70"Hnqy"uvtwevwtg"
cv"cp"cu{oogvtkecn"uvtgco"eqpÞwgpeg0"Geomorphology 

11, 273-293.
Roberts M. V. T., 2004. Flow dynamics at open channel 

eqpÞwgpv/ogcpfgt"dgpfu0"Rj0F0"Vjguku."Wpkxgtukv{"qh"
Nggfu."Nggfu."Wpkvgf"Mkpifqo0

Tq¦qxumkk"K0"N0."3;790"Dvizhenie Vody na Povorote Otkry-

togo Rusla0"Mkgx."WUUT."3::"rr0"Vtcpun0"3;83."Flow 

of water in bends of open channels. Jerusalem Israel 
Rtqitco"hqt"UekgpvkÝe"Vtcpuncvkqpu."Kutcgn."456"rr0

Uqpi"E0"I0."K0"Y0"Ugq"cpf"[0"F0"Mko."42340"Cpcn{uku"qh"uge-
qpfct{"ewttgpv"ghhgev"kp"vjg"oqfgnkpi"qh"ujcnnqy"Þqy"
in open channels. Adv. Water Resour., doi:10.1016/j.
advwatres.2012.02.003.

Sontek, 2007. RiverSurveyor System Manual Software 
Xgtukqp"60820"UqpVgm1[UK"Kpe0."Ucp"Fkgiq."EC."3:4"rr0

Tecplot, 2013. Tecplot 360 User’s Manual Release 1. 
VgeRnqv"Kpe0."Dgnngxwg."YC."7;:"rr0

Ygdgt"L0"H0."42290"Gxqnwek„p"nqpikvwfkpcn"fg"nc"kpvgpukfcf"
de las corrientes secundarias en canales con curvas. 
Mecánica Computacional XXVI, 2230-2249.

Ykpvgtygtr" L0"E0."¥0"D0"Ycpi."V0"Mcckl."M0"Xgtgnuv."C0"
Dklnuoc."[0"Oggtuuejcwv" cpf"O0" Ucu." 42280" Hnqy"
xgnqekv{"rtqÝngu"kp"vjg"Nqygt"Uejgnfv"guvwct{0"Ocean 

Dynam. 56, 284-294.
Yggtcmqqp" U0"D0."[0"Mcycjctc" cpf"P0"Vcock." 3;;30"

Vjtgg/fkogpukqpcn"Þqy"uvtwevwtg"kp"ejcppgn"eqpÞw-
ences of rectangular section. Proceedings of the XXIV 
Congress, International Association for Hydraulic 
Research, Madrid, Spain, pp. A373-A380.


	Secondary currents: Measurement and analysis
	Introduction
	Methodology
	Location
	Measurement techniques
	Data processing
	Bathymetry and cross-section
	Digital elevation model (DEM)

	Results
	Confluence
	Curve
	Plan view of velocities
	Digital elevation model

	Conclusions


