SENYHES

ML=

XIRH &

@ G s K @




*®

R B R U &  Bh AR

\

SEIG Kb 5 X TR
XER FE
M4 4 % B &

1995



() HEF 0925

R E' &

FHEEERPAERDYESAY TBLBRARNRRLE. 2
RUBESHFMEEGHBRF RN, EREBMEMNI—EBHSEERX
YRR EE . 2 PEERADRIL . YWhLEE) 1% MY E MR
;h%E. REAEESHEHAXY TREARS. AFEFE. FEREXT.
FHRAEABRBRMLRRA.

A{FEBERY AR RYBHH¥. RPKE. R TRMD B E
MBI ETIEE, MRER. 358, Al L. KT RFEEFHFEHIRAR
MEEREREXMESE.

LI M R S R TR
‘XI®E E
HERE Z={F
T4 3 2 K ol K
ALREMMRMAL B 16 S
ERECARRT: 100717

BLEE hEad
65T UL A BV T g
FHEBERRRITHRST SRFEBELE

19954 8 A% — fR FrA. 787x10921/16
1995 4E 8 HE— U R EpgE. 14 1/4 #/H: 25
¥ 1—550 F¥. 332 000
ISBN 7-03-004681-1/P « 833
EH 2950 T

e T k) e et = MR RS o A v ks o SR A B, Y



)’%

VESRAESENRY . EVFMBESFHNERMN ERBERYN—IHMARE
. BULEHRERERY 1/3MTR. ¥ TR, EERSEEHBRODE. REX
Rt FEAFRMR. AIEX—dE5AE. £WHE. KB, KSERARM
2 I B9 25 40 ST B L S T 1 I L A K B e SRR B A S R AR DA X ST B M B
REFYHE. BEFEBHEIH, BE. FEERRASARMSHXER, UFREHAES
RERBORR. B2, DEEREMZTEBE. RERY. REMEN-AIEE. @
WERBIE. EWRE. AR BEBE, UREHF. SARAEMEXX. BEMAR
BRK—I1¥R. ME¥RRRAKTRE, PREE=RDX: DERESE VRN
WERESF: UDEBREHETFFE. .

TRRAVWESRY TR¥RYREWEEARTS R—TEENNAEMER.
TRESEARALRSFIZRMANES, RS LTRBEBHES, LIRS
GEMY. RUbpH¥s 5EORERESH M RFERE. EXEHTRDEENA
& (L. YEREs). RPSEFRRESI % RYBHFMRY TRESRE,
7 B 5% 1 %o KV SE AR RS HEAT R 2 O R . B, B RS R A FEEE (KD HITR
Wy EYEY) SRFARMLR, X —BRIFHRDBEFIRAR.

AR T REERGG T #RE:

() B EARRAEFSNRG T #TH DRSS ARE, BRARLEL TR
BRHA4H 5 A EESHNRRTBEDHER. BRELERT HayBER, ¥
B Z AT, BT ACH IR RHENBFEXRRR.

(2) BRYE SR FHBIBABW AT E B ERBATHR. B —BREHFES T
2HBEMFKL, B TRYSEFRARESHINENEE, FRABTE.

(3) VYRRV TEB#FTHESK, FREPEUHTRBEERRAGIARD TR
R HFEAMY — AR EERTVRTFESRERY.

4) BRBHESSHY EEFLHFTRF.

(5) #RH—ERHRGEH AL LA IR

B2, BABUAEE N A CHLRARBEE K E, 7 ZREEASMERERR
X —HIRAHE RSB N PSS ER, MRYBEN—RAERTNEE. FETHR
A%, BARBIR, ATTHROGYESRY ITEFHIERERAERNEAT.

fen—ARBHEEE, MTRENS. RPRES. DEAKRGRR NEEE
EH MR, BEAEEMPLRRVEASERARKE. HARETRE XTAVIRE
FE, M. EWSHREERYERS. R, £RR kL, REFRIERENT
ERIX & F TR AEREE SR, 38, FRADAEFAHPRRORME, R
FHIERPHERA.

il S

oie




QM2R, RXBEI-BYAEMBRHREE. RRAREHELSEARKFNE
BB FUHMERY . RN — LB ERERR TR, MRS — Rt 8RR ¢
&, TRETER—-KXF. BUNF.

Xk
1994 4E 6 § 11

DT




PREFACE

Eremology is a new frontier science germinated the basis of the traditional earth science, soil
science and biology etc. Its main research objects are sandy desert, gobi and other aeolian sand
lands in arid, semiarid and subhumid zones which cover more than one-third of the earth’s land
surface. People often view such special terrestrial landscapes and ecosystems as a relative indepen-
dent realm formed at the multiphase interface among lithosphere, biosphere, hydrosphere, aero-
sphere and sociosphere to study the transport mechanisms of material and energy , the constitution
of resources and environment and their relations with human society so as to seek a harmonious
and sustainable development way. In short, eremolog; hzs been devaloned through the inter-ex-
change and inter-infiltration of multi-disciplines, such as space science, environment science, re-
source science, earth science, biology, humane studies, mathematics, economy and technology
etc. Viewed from the present development status, the eremology can be divided into three major
branches. desert resource; desert environment and disaster; and desert socio-economics.

Experimental wind-sand flow physics and sand drift control engineering, as a foundation of
applied research of the last two branch sciences, is an important c~mponent of the eremology. It
makes the traditional earth science,aeolian sand geomorphology , mathematics «nd physics combine
with each other through indoor wind tunnel experiments, field observations, simulation trials and
theoretical analysis. It mainly studies the nature of sand drift problem, sand grain movement, dy-
namics of two-phase gas-solid flow of wind and sand , aeolian sand landforms, sand drift control
engineering and similarity theories on wind-sand flow experiments etc. Therefore, it may be said
that this book represents a new achievement in the blown sand research field since R. A. Bagnold
published his classic work Physics of Blown Sand and Desert Dunes.

This book has made some progress in the following respects:

1. Based on sand grain dynamical photography taken in indoor wind tunnel and field condi-
tions the auther put forward that sand grain movement can be divided into five stages of forms.
Their physical images and the forces acting on the grains were analysed and their mechanical mod-
els as well as mathematic expressions were established.

2. Sand movement by wind was studied from a multiphase hydrodynamic angle and the math-
ematical model of two-phase gas-solid fluid movement was establised through simplifying and
solving the general multiphase hydrodynamic equations.

3. Both the sand ripples and sand drift control engineering were classified from a mechanical
angle, thus put forward a conception of depositional wave formation of sand ripples and used it in
the basic mechanical model of sand drift control engineering, namely boundary-layer flat-plate
plane flow model.

4. The secondary flow conception was introduced in the study of life history of sand dunes.

5. A complete set of similarity criterion for wind-sand flow experiments was developed.

Based on the author's experiment and observation data as well as widely consulting others’
research findings this book makes blown sand problem in the earth science field combine with
mathematics and physics; systematically elucidates some important problems in blown sand sci-
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ences and unfolds a profile of wind-sand flow physics and sand drift control engineering before our
eyes.

As a eremologic monograph, this book comprehensively describes ground surface deflation,
sand movement by wind and dust entrainment and settlement but few data are available in sand-
dust storm disasters, this is no doubt a problem to be solved in the future, in addition the chemical
and biological sand drift control methods are not fully described. To achieve better sand drift con-
trol results for our econmy and environment improvement, we need detailly understanding eremol-
ogy both in the general character and individulity. Even so, this book remain a valuable research
achivement of the applied fundamental theory, with a high academic level and practical value.

As a desert reseach scientist, I am always pleased to see any progress my colleagues have

made and hence I wrot this preface for this book (translated by Cheng Daoyuan).

Xia Xuncheng
11, June 1994
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INTRODUCTION

Wind-sand flow refers to the two-phase gas-solid fluid caused by moving air-wind , which acts
on soil particles on dry and loocse ground surface and sets them in motion deflation. Wind-sand
flow physics and sand drift control engineering as an applies fundamental science studies such
problems as the blown sand movement, dynamics of blown sand, aeolian sand landforms, the for-
mation of sand drift disasters, their control theories and engineering design principles from the
physical viewpoint. The dynamics of two-phase wind-sand fluid is an important component or
branch of multiphase fluid and two-phase gas-solid fluid dynamics. Classical multi-phase fluid dy-
narnics can be regarded particles-gas phase as a pseudo-fluid with continuous medium property. As
for the dynamical process of the wind-sand fluid in the earth boundary layer, it has complex
shapes, very wide particle grading as well as horizontal and vertical concentration variations, there-
fore it has a considerable particularity. The theoretical model of the sand drift contro! engineering
falls into the flat-plate flow of the two-phase gas-solid fluid in the boundary layer and hence it has
much more complex and variable properties than the flat-plate vortex flow in the conditions of ide-
al fluid or viscous fluid in the even field. Because solid particles can be settled out during the flow-
ing processes and in turn affect the particle flow itself. In short, wind-sand flow physics and sand
drift control engineering studies some basic problems in eremology by means of the combining
method of earth science, mathematics and mechanics and relevant knowledge which our pioneers
had found in eremology so as to solve some essential problems on the blown sand and sand drift
control engineering.

It is generally accepted that the systematical and in-depth study of the physics of blown sand
began with the introduction of modern aerodynamical experiment equipment-wind tunnel into the
blown sand scientific experiments. Although the classical works such as The Physics of Blown
Sand and Desert Dunes By British Physicist R. A. Bagnold published in 1941 and The Ex perimen-
tal Study on Wind Erosion Process of Sany Land and Sand Drift Control by former Soviet Union
scholar, A. E. Znamenskii published in 1958,and later distinguished works like The Physical Prin-
ciples of Desert Wind Erosion by A. P. Evanrov published in 1972 as well as Physics of Desertifi-
cation by F. E. Baz published in 1986, the history of the studies on sand drift control engineering ,
especially the sand dune stabilization and soil wind erosion control activites, can be traced back to
ancient times. Nowadays there were some works on sand drift control engineering come out in
succession , such as Soil Wind Erosion and Prevention by Yakobov, T. F. (1956), Prevention of
Sand Damage to Ratlway by Petpniandov, N. A. (1958), Highway Engineering in Desert Land
by Wu Zheng et al. (1981) and Erosion of Soil by Kobek, M. J. (1987). However, as a whole.
the studies on the blown sand physics and sand drift control engineering are still in the initial de-
velopment stage, it still has a long way to go to reach the mature.

At present, people have recognized that the environmental degradation and land desertifi-
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cation are by no means a regional or a country’s prolblem, instead they are a global issue. The fand
resources on our earth are not sufficient. These problems have attracted widespread international
attention. A worldwide cooperative activity for combating desertification and environmental degra-
dation is putting into action. Since the United Nations Conference on Desertification held in Nairo-
bi in 1977, the international academic activities on this subject have increased markedly, for in-
stances, the International Workshops on the Physics of the Desertification , sponsored by UNESCO
and the International Centre for Theoretical Physics in Neapoles and Trieste, Italy in 1980; The
Symposium on the Physics of Blown Sand Sponsored by the Aarhus University, Denmark in
1985; and the International Symposium on the Mechanism of Wind Stress held in 1991 in memory
of R. A. Bagnold. The above-mentioned international conferences dealt with a wide range of top-
ics, including the mechanism of sand grain movement, soil wind erosion, aeolian bedform process,
dust storm, land desertification, sand drift control, wind tunnel experiment, field experiment and
the application of space-age new techniques etc.

So far as the present development frontiers of the physics of blown sand and land desertifi-
cation are concerned, M. H. A. Hassan, one of chairmen in Trieste Symposium , mentioned
the following several respects.

(1) Through wind tunnel experiments and theoretical analysis to understand three forms of
sand grain movement in near-surface layer, including saltation, creep and suspension.

(2) The fromation causes and the movement of deposition ripples and sand dunes (including
longitudinal dune, transverse dune, crescent dune and star dune).

(3) Through wind tunnel experiments, modern instrument determinations and theoretical
analysis to understand precisely the meteorological and soil factors responsible for the formation,
transport and settlement of dust particas.

(4) Further study on the soil wind erosion equation is required to determine the main factors
affecting soil wind erosion.

As is well known to us, desertification is one of the most serious problems facing the world
today. Every year about 50,000—70,000km’ of lands are reduced to desertified land in the world,
affecting the livelihood of 850 million people in about one hundred countries. In China, the deserti-
fication is expanding at a rate of 2,370km’ per year.

The land desertification is mainly manifested in soil wind erosion. To be able to formulate
some effective measures to cope with this problem, we must have a better understanding to the
formation and development laws of wind-sand activities and aeolian sand landforms as well as the
blown sand physics and the principles of sand drift control engineering.

The Lanzhou Institute of Desert Research, Chinese Academy of Sciences, with the great sup-
port of the academy’s late vice president, Zhu Kezhen and professor Qian Xuesen et al. set up
Chian’s first laboratory of experiment wind tunnel about wind-sand environment in 1967. Since
then a series of simulation experiments on sand drift and snow drift control engineering have been
conducted. From 1985 onwards, scientiests of the institute in our research subject “study on wind-
sand flow physics and sand drift control engineering” which was supported by the national founda-
tion conducted systematical wind tunnel simulation experiments and field observations on soil wind
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erosion, wind-sand movement , formation and evolution of aeolian landforms and sand-drift control
measures etc. This book is actually a generalization and summation of above-mentioned experi-
ments and research works. Much relevant data which we obtained both from home or abroad were
also very helptul in our works. In this book the author tried to use the basic principles of physics
and mathematics to analyse and elucidate the mechanisms of blown sand movement and the for-
mation of eolian landforms as well as the principles of sand drift control engineering. It is hoped
that this will contribute to open a new way for the studies of blown sand movement and sand drift
control engineering.

This book consists of five chapters. Chapter 1 elucidates the connotation and the nature of
sand drift problems; Chapter 2—3 discuss the dynamics of single particle movement and the two-
phase gas-solid fluid; Chapter 4 describes the movement of aeolian bedforms; and Chapter 5 out-
lines the engineering control problems of sand drift hazards. Each chapter begins with an introduc-
tion s then from isolated points to a whole area to point out the concerned problems and the analyti-
cal results of relevant experiments, thus we can get an overall idea about the deseribed problems.

The book will soon be sent to press, at this moment. I recall ten years search in sand and
dust. Many joys and sorrows return before my eyes. The publication of this book would not have
been possible without the help of many people. I am grateful to professor Zhu Zhenda, the ex di-
rector of the Institute of Desert Research; Professor Zou Bengong (late) and professor Lin
Yuquan, who directed and helped me to select this research subjuct and obtain the fund support
from the National Natural Science Foundation in 1985. I would also like to thank Li Changzhi, se-
nior engineer; Wang Guochang and Liu Yuzhang, engineers; Yang Zuotao and Wu Dan, techni-
cians, for their prolonged industriousness in making wind tunnel experiments and field observa-
tions and obtaining a wide range of valuable data.

I am deeply indebted to professor Wu Zhen,ex-director of the wind tunne laboratory and pre-
sent profesor of the South Chian Teachers College, who took time off his busy schedule and gave
a detailed revision to the final manuscript. Thanks are also due to professors Qian Ning (late),
Guo Bingrong,Liu Zhenshen ;my university’s (Univ. of Science and Technology of China) teacher
Gu Zhenchao (late), Zhou Xiuji, academician of the Chinese Academy of Sciences, and Xu Yan-
hou, who made some helpful comments on parts of the draft of the book. I am also very grateful
tomy wife Mrs. Gu Pei for her continued patience in drawing part of figures and revising the final
proof of the book, making it much better than it would otherwise have been.

Finally, I would like to thank the National Natural Science Foundation and the Publication
Commission of the Chinese Academy of Sciences and the director of the Lanzhou Institute of

Desert Research for funding the subject and the preparation of this book.

Quanzhou, Fujan LIU XIANWAN
Institute of Desert Research, Chinese Academy of Sciences
Lanzhou, China. April 1994.
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