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Porous madia

Flow nedistance

Staggered pore-throal madel
Fracral

Floner resistance in porous media is a hot and difficult problem due to its importance and the complexity
of the fluid flow in porous media. To improve the aligned pore-throat model, amore reasonable staggered
pore-throat model is established. Fractal is employed in random porous media and the analytical fow
resistance formulation is derived. The formulation is the function of tortucsity, porosity, pore-throat
ratio, interference coefficient and so on. It's found that the staggered pare-throat model and the original
pare-throat model have their own applicable ranges of Reynolds number and porosity respectively. The
interference coefficient is negligible at low Reynolds number, while considerable at high Reynolds num-
ber. The value of the interference coefficient ¢ is determined to be 0.8

© 2017 Elsevier Ltd All rights eserved.

1. Introduction

The study of the [luid flow in porous media has wide engineer-
ing application [1] such as groundwater seepage, oil and gas
extraction, thermal insulation materials, pebble-bed cooling reac-
tor, porous material drying and biotechnology. Therefore, it is
important to study the flow resistance of porous media Lots of
flow resistance formulas are obtained empirically or semi empiri-
cally so far. Table 1 lists some main formulas,

In fact, the origin of the Mow resistance in porous media can
date back to Darcy's Law [16] in 1856, Darcy's Law shows that
the pressure drop is linear with the velocity When Re < 1. The fluid
suitable for Darey’s Law is called the Darcy flow. Forchheimer [17]
pointed out that the pressure drop is characterized by the quadra-
tic de perwde noe of flow velocity When Re 11 0]. It's called Forch-
heimer flow. After that, Blake, Kozeny [33] and Carman [34] all
proposed the correlation of flow resistance in porous media. In
table 1, Ergun [3] summarized the previous studies and experi-
mental data and proposed a compre hensive equation called Ergun
equation. Ergun equation is the most widely used correlation so
far. The influence of the fluid density, viscosity, porosity and parti-
cle size on the flow resistance is considered in the equation. The
pressure drop is the sum of viscous loss and inertia loss of flow

* Corresponding auhor ar: School of Energy and Environment, Inner Mongolia
University of Science and Technology, Baotou 014010, China
E-mail address Fhengkunehand 26.00m (£ Kun-Lan)

hreps: o o ' TOCTO LG ij eatmassrransler 2017 0708 1
0017-0310/& 2017 Baevier Ltd. All Aghts resérved.

in the porous media, However, there are two empirical constants
Aand B in Ergun equation and their values are 150 and 1.75 respec-
tively obtained by Ergun. They are not universal constants. After-
ward the researchers derived different values of A and B listed in
the Table 2, and some researcher thinks that A amd B related to
sphericity.

In the recent years, ¥Yu Boming et al. [23-27] derived a reason-
able fractal resistance correlation as Eq. (1) based on the aligned
pore-throat model and fractal theory.

AP 1 32u1-gDp—Dy+3 1

T %™ ¢ 3-n B0
141 5 3 p B L)Z‘H
walFap)erls) o 0

And Yu Boming is the first one to put forward such a creative idea
and method, since fractal is used to study the fuid flow in porous
media, and experiment data show that the result is better than
Ergun equation’s based on some literature data. The researcher also
believe that more data is still needed to be used to verify it further,
Zhang Lijuanet al. [28] prove that resistance characters of Muid flow
in porous media is similar to that of core seepage by experiments. It
I illustrated that pore-throat model formed by expansion and con-
traction flow channels is suitable. Yu Boming et al. believe that the
pore-throat model is consisted of aligned packing particles. How-
ever, observing and analyzing from lots of packing bed, we believe
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Intelligent design of street lamp based on Arduino

Yuanchao Liu, Kuncan Zheng®, Yuanhao Liv, Tas W, Xudong Zhao

School of Energy and Ernvironment, Inner Mongolia University of Science and
Technology, Baotow, Inner Mongolia Autonomous Region, 014000, China

"Corresponding author’s e=mail: zhengkunchan@ 126.com

Absiraci: In order to promote the process of social modernization, the traditional sireet lamps
are also moving towards intelligent development. However, the existing streel lamps mostly
use a single LED lamp or high-pressure sodium lamp, which can™t cope with the complex road
conditions in China. The designer proposes to install the monitoning system on the street lamp,
design the fine ariificial intelligence light disinbution and color temperature regulaiion scheme,
add the funciwons of positioning, alarm, repair, pollutant and rain and snow monitoring, and
realize the data interaction between the street lamp and the user and the manual mterventon of
the user when necessary through the infrared Bluetooth Internet of things and other
technologies. The design is developed, simulated, debuppged and tested on Arduino hardware
and software platform. The resulis show that the design is reasonable and feasible.

L. Introduction

At present, due to the many traffic conditions and wide coverage in our country, the simple
high=pressure sodum lamp or LED lamp are often used in different road sections and different traffic
flows., Most of the LED street lamps are about 55300k light source, which has higher lummous
efficiency and more energy saving. However, the color temperature of 3500k light will make people
very cold and dazzling in vision, , which will lead to over vision and reduce driving safety. In addition,
in rainy and fogey weather, the penetration ability of this kind of light 5 poor, which also affects
people’s travel safety. The traditional high-pressure sodium lamp light color temperature in 2800k, will
not produce dizziness, m the rain fog environment, its light penetration ability is stronger, but energy
consumption s serious. Therefore, the development of a kind of streetlight which combines the
adwvantages of two kinds of streethights 15 not only energy-saving and not dizzy, but also has strong
penetration ability m the envronment of rain and fog, which has far-reaching significance for national
construction, traffic safety and improving energy utilization rate.

Moreover, the location of the street lamp 15 fixed and m the core area of the road, f the function of
positioning and alarm 15 added to the street lamp, it will greatly facilitate the contact between the
masses and the police and the determmation of the location by the police when the accident occurs. It
also helps to solve the cases of the lost elderly and the abduction and sale of children. Therefore, the
development of positioning and alarm functions on street lamps will be a new direction of intelligent
street lamp research. In this paper, Arduino smgle-chip microcomputer will be used for mtelligent
design of traditional street lamps to achieve intelligent dimming, one key alarm, energy saving and
safety features,

| Content fnom this work may be uzed under the teme of the Creative Commans Alribution 30 licence. Any further digiribution
of this work musi maintain attribution ke the snhon(s ) and the ttle of the work, jounal citstion and DEFL
FPublizhes] under hoence by KOP Publshmg Lid 1
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DERIVE A NEW DRAG FORMULA ON POROUS
MEDIA LAMINAR FLOW FROM THE MINOR
RESISTANCE ASSUMPTION

Zheng Kuncan,'* Bu Juanjuan,’ Shi Qiangjun,’ Zeng Ziyun,’
Yang Zhonggeng,' & Guan Chong'

1School of Energy and Environment, Inner Mongolia University of Science and Technology,
Baotou 014010, China
*Inner Mongolia Key Laboratory of Efficient and Clean Combustion, Baotou 014010, China

*Address all correspondence to: Zheng Kuncan, School of Energy and Environment, Inner Mongolia
University of Science and Technology, Baotou 014010, China; Inner Mongolia Key Laboratory of Efficient
and Clean Combustion, Baotou 014010, China; Tel.: +86-1894-7252801, Fax: +86-0472-5951567,

E-mail: zhengkunc han@126.com

Original Manuscript Submitted: 9/16/2019; Fimal Draft Received: 12/16/2019

Diarcy's law seems to end thelaminar flow problem of porous media. However, in recent years, many scholars have found
that the resistance and velocity of Darcy’s low are nonlinear, indicating that the lamimar fow meduanism of porous
media is still unclenr. Further research s necessary and wrgent. Based on the shortoomings of the traditional tube flow
miodel, we consider the seepage resistance of porous media as the sum of the numerous average minor resistances and
theoretically derive the new resistance formula for laminar flow. Using the experimental dota of Darcy, Chares Ritter,
and Bager et al., the avemge local resistance coefficient of the porous medium twas determined to be 200. Compared
with the classical Kozeny=Carman equation and the Ergun equation, the new equation has the best consistency and
the least error in all experiment data predictions. However, because the porous media is complex and highly nonlinear,
our equation and coefficient still need lots of experimental data and other ways to validate the results.

KEY WORDS: porous medium, viscous dissipation, conduction limit, chanmel partially filled with a
porous medium

1. INTRODUCTION

Henry Darcy, a French hydraulic engineer, put forward Darcy s law through a paper ( 1856) on large number of sand
seepage expenments, which lad the theoretical foundation of porous media and was widely used in engmeenng
However, due to the randomness of the porous media structure and the nonlinearity of the flow, researchers have long
found that Darey”s law can only be apphed to porous media flow with slow velocity (Re < 1),

Dupuit ( 1863) revised Darcy’s law, for the first tme considering the difference between apparent velocity and
actual velocity. Later, Shehter (1902), Terzaghi(1925), and Darapsky and Miiller (1915) began to mtroduce viscosity
and capillary diameter, focusmg on the effect of porosity. However, it was not until Blake ( 1922) adopted dimension-
less eritena and semi-empirical anabysis that a better correlation was obtained, as shown m Eq. (1):

_ 3 A Pg

T kuS? L e,

where AP 1 the pressure drop (Pa), v is the superficial or “empty-tower” velocity (m/s), ¢ is the porosity of the bed,
k15 the shape c_ur:ﬂicimt of the cross-section of the channel, w 15 the viscosity of the ﬂ_uid {Pa.s), 5 is the partcle
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	主要成果清单
	高等教育国家级教学成果鉴定书
	1教学改革立项、验收和获奖材料
	[1]2014-2016,内蒙古科技大学教改项目：流体力学课程教考分离的实施及试题库建设的研究
	[2]2017,《流体力学》混合课程建设项目项目立项并实施，2018-2020年，《流体力学》混合课
	[3] 2019,“基于互联网+流体力学类强理论课程教学改革与实践”教改项目结题被内蒙古科技大学认定
	[4]2019年，《流体力学》课程参加优秀教学成果推广交流会
	[5]2019年，《流体力学》课程被推荐参评国家一流课程
	[6]2019年，获批内蒙古科技大学“《流体力学》课程思政实践”教改项目
	[7]2019年，《流体力学》课程思政内容“流动美鉴赏与哲学科学启示”自治区在线开放课程立项
	[8]2020年，《流体输送与输配》课程思政建设项目立项及获批示范课程
	[9]2019年，《流体力学》推荐国家级一流本科课程
	[10]2021年，以课程思政为鲜明特色的《流体力学》混合课程获批第一批自治区一流课程
	[11]2021年，《高等流体力学》教育部课程思政示范项目遴选评审结果
	[12]2021年，《高等流体力学》课程获批自治区课程思政示范课、教学名师和团队
	[14]2021年，《流体输送与输配》推荐第二批国家级一流本科课程评选
	[15]2021-2023，内蒙古自治区教育科学“十三五”规划课题：面向新工科的高校产学研教融合育人
	[16]2020年，案例、实践、思政融合“流体力学课程混合教学改革实践”教改项目获内蒙科技大学教学成
	[17]2020年，流体输送与输配教学资源共享与互动平台获内蒙古科技大学教学研究成果奖二等奖
	[18]2021年，《流体力学》课程获内蒙古科技大学创新大赛团体校级一等奖
	[19]2021年，《流体力学》课程团队获内蒙古自治区教学创新大赛一等奖
	[20]2021年，《流体力学》课程思政获智慧树全国课程思政示范案例教学大赛优秀奖
	[21]2022年，《流体力学》课程获智慧树全国课程思政示范案例教学大赛特等奖
	[22]2022年，第十二届内蒙古自治区高等院校青年教师教学技能比赛二等奖《流体力学》
	[23]2022年，实践激活-思政融合《流体力学》特色教学模式改革与示范获内蒙古自治区教学成果一等奖
	[24]2017/2013年，内蒙古自治区科技进步二等奖、三等奖各1项
	[25]2016年，内蒙古自治区草原英才1人
	[26]2017年，内蒙古自治区321人才1人
	[27]2015年，内蒙古自治区杰出青年基金1人
	[28]2017年，国际清洁能源拔尖创新人才

	2教改推广应用-课程实践效果材料
	[29]2018-2020年，能动专业流体力学近三年成绩
	[30]2018-2020年，车辆工程专业流体力学近三年成绩
	[31]2018-2020年，建环专业流体力学近两年成绩
	[32]2020年，流体力学课程思政公选课“流动美与哲学科学启示”部分课堂弹幕
	[33]，2020年，流体力学课程思政公选课《流动美与哲学科学启示》雨课堂讨论摘录
	[34]2020年，《流体力学》及课程思政《流体力学之美与哲学科学启示》部分学生评价摘录
	[35]2022年，流体力学课程思政自治区在线课程“流体力学之美与哲学科学启示”评价
	[36]哔哩哔哩播放情况部分截图
	[37]好看视频播放情况部分截图

	3教改推广应用-本科生高水平论文-国家级奖项-专利材料
	3.1本科生高水平论文
	[38]罗海成毕业论文成果发表在传热传质领域顶级期刊论文
	[39]罗海成本科毕业论文：多孔介质流动阻力的分形理论研究
	[40]刘元超EI论文
	[41]曾梓芸EI论文
	3.2本科生获国家级奖项（56项，一等奖9项、二等奖13项、三等奖31项）
	[42]2022年“鲁班杯”全国高校BIM毕业设计作品大赛国家级一等奖
	[43]2022年第五届“建模大师杯”全国建筑信息模型（BIM）建模大赛国家级一等奖5项
	[44]2022年鲁班杯全国高效BIM毕业设计作品大赛（本科组A1）国家级一等奖
	[45]2021年“鲁班杯”全国高校BIM毕业设计作品大赛国家级一等奖
	[46]2020年第六届“鲁班杯”全国高校BIM毕业设计作品大赛A1模块（房建组）国家级一等奖
	[47]2022年鲁班杯全国高效BIM毕业设计作品大赛（本科组B1）国家级二等奖
	[48]2020年第六届“鲁班杯”全国高校BIM毕业设计作品大赛B1模块国家级二等奖
	[49]2020年首届“品茗杯”全国高校BIM毕业设计大赛国家级二等奖
	[50]2020年全国高等院校学生发电机组集控运行技术技能竞赛-垃圾焚烧发电组国家级二等奖
	[51]2020年全国高等院校学生发电机组集控运行技术技能竞赛-660MW机组国家级二等奖
	[52]2019年第五届“好贷杯”中国高校风险控制与管理能力挑战赛国家级二等奖
	[53]2019年第十届“斯维尔杯”建筑信息模型（BIM）应用技能大赛专项国家级二等奖三等奖各一项
	[54]2017年第八届建筑信息模型（BIM）应用技能大赛国家级专项二等奖三等奖各一项
	[55]2017年第八届全国高等院校“斯维尔杯”建模大赛决赛获得国家级专项二等奖、三等奖各5项
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