!’ -
® .

‘ : MICHU-T-73-003

Technical Report No. 36

EDWARD C. MONAHAN
and
ELIZABETH A. MONAHAN

Department of Atmospheric and Oceanic Science
College of Engineering

The University of Michigan

September 1973
MICHU-5G-73-203

Muitidisciplinary Research in the Great Lakes

c. 2



Drogues, Drags, and Sea Anchors

by
Edward C. Monahan1

and
Elizabeth A. Monahan

lDepartment of Atmospheric and Oceanic Science

College of Engineering
The University of Michigan

September 1973
Sea Grant Technical Report No. 36

MICHU-8G-73- 203

THE UNIVERSITY OF MICHIGAN SEA GRANT PROGRAM



This work is a result of research sponsored by NOAA Office of Sea Grant,
Department of Commerce, under Grant #04-3-158-23 to The University of
Michigan, The U.S. Government is authorized to produce and distribute

reprints for govermmental purposes notwithstanding any copyright notation
that may appear hereon,



Introduction
Key

Bibliography

CONTENTS

11



INTRODUCTION

This brief report graphically summarizes and categorizes
the numerous drogue, drag, and sea anchor designs employed from
1500 to the present. The emphasis here is on the drogue proper
and not on the surface buoy from which the drogue is suspended.

Figure 1 and Figure 1A depict or describe some 110 drogue
designs. These designs have been divided into five categories.
The first category includes all those drogues that are essentially
planar where the plane surface is oriented parallel to the flow
relative to the drogue. The droques that fall in the second
category are also planar, but in these cases the plane surface
is oriented perpendicular tolthe flow relative to the drogque.
Category three encompasses the cruciform drogues, those that
project a cross-like shadow on a horizontal surface. The fourth
category contains all the cylindrical and spherical drogues and
all others which likewise project as circles or disks on a hori-
zontal plane. The fifth and last category includes all those
drogue designs that present a concave surface to the flow relative
to the drogue. In this category are parachutes, plankton nets,
and umbrellas.

The earliest drogue designs appear at the top of Figures
1 and 1A, and the most recent are depicted at the bottom.

Each design depicted or described on these figures is ac-

companied by an alpha~numeric symbol. (The F prefix stands for



flat, the X prefex represents cruciform, the R prefix stands
for round, and the P prefix stands for parachute.} The key
section relates each design, designated by its alpha-numeric
symbol, to one or more of the references cited in the biblio-
graphy. In the key, only the author's last name and date of
publication are given.

The bibliography lists works describing drogues and cur-
rent measurements made with drogues. While the 137 references
listed here include many which do not appear in the key, zll
distinct drogue designs encountered in these numerous references
have been incorporated in Figures 1 and 1A and in the key.

In addition, several of the original figures depicting in-
teresting and/or important early drogue designs are reproduced
in this report as Figures 2 through 5.

A condensed version of Figure 1, and a discussion of cer-
tain trends in drogue design, apparent from this figure, will
appear in a note in Limnology and COceanography {(Monahan and

Monahan, 1973).
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Figure 2. A reproduction of a figure that accompanied an

early annual report of the U.S8. Coast and Geodetic

Survey {(Mitchell, 1859) showing several devices
used i1n a current study of New York Harbor.
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Figure 4. The current cross used during the famous voyage

of H.M.S. CHALLENGER. Reproduced from the original
figure that accompanied the narrative of the voyage
(Tizard, Moseley, Buchanan, and Murray, 1885).



Figure 5.

An early drogue design incorporating two barrels,
This figure is a reproduction of one that appears
in Thoulet (1908). The U.S. Coast and Geodetic
Survey also used barrels in some of their early
drogue designs, e.g. item R8 on Figure 1.

1¢
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