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(Reprinted from Journal of the American Rocket Sociely, January-February 1953)
Copyright, 1953, by the American Rocket Saciety, Inc., and reprinted by permission of the copyright owner.

Physical Mechanics, a New Field in Engineering Science

H. S. TSIEN!

Daniel and Florence Guggenheim Jet Propulsion Center, California Institute of Technology, Pasadena, Calif.

The purpose of physical mechanies is to predict the engi- The statistical mechanics and the kinetic theory are not used
neering behavior of matter in bulk from the microscopic to verify the atomic theory through the bulk properties of
properties of its molecular and atomic constituents. The matter, but rather should be used to prediet the bulk behaviors
constants and basic concepts of this new engineering of matter from the known properties of the molecules and
“science, of particular importance to rocket and jet propul- atoms, Since engineers always deal with matter in bulk, HEBRL. REAERLE, RANSNE
"EBRTELET San

the prediction of bulk properties is then of vital interest to

sion, are discussed in this paper.

HEFHACEMFIISIFRE "MIEHF---TiERFafmaE" , HENE
MR R EFNHZERDF1T A,

There's Plenty of Room at the Bottom
An Invitation to Entfer a New Field of Physics

- This transcript of the classic talk that Richard Feynman gaveon December
4 . 29th 1959 at the annual meeting of the AmericanPhysical Society at the
Californialnstitute of Technology (Caltech) was first published in the
February 1960 issue of Caltech's Engineeringand Science.
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Recently, my focus has started shifting from the electronic properties of graphene to its other

aspects, among which are the mechanical properties of this first strictly two-dimensional

crystal. I believe that this new area is to start booming within the next few years, the view
expressed in my recent review on graphene published in Science this summer. To address the
mechanical and thermodynamic properties of graphene would require a theoretical effort that I

cannot mmagmne n this case without numerical modelling. My group does not have vet

theoretical tools to progress in this direction. Your Visiting Scholarship would be an ideal

experimental topics.

match. I have been impressed by your recent work and modelling tools at your disposal. I
believe that when working with us you could apply them very successfully for a number of hot
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Dr Wu joined us on June 1% 2010. He has worked intensively and successfully from the very
start. Previously, we have carried out some work on permeability of water through graphene
membranes and obtained interesting but most unexpected results. The mechanism behind this
anomalous behaviour was unclear. Dr Wu suggested to simulate the experiment and to develop
a theoretical model explaining the unknown mechanism. Dr Wu has managed to solve this
problem by using molecular dynamics simulations and further theoretical analysis. The water
transport through graphene membranes is found to be driven by capillary-like pressure and
limited by an evaporation rate from the surface. This work is currently prepared for submission
in a high-quality journal such as Nature or Science. Since our group is experimental and does
not have computational facilities, Dr Wu used the facilities of his group in China.
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helium. The finding that protons can pass through it n'ught er
membrane to be developed and aid research into fuel cells. §

» Ocean observatory project hits rough water
» us
» Wellcome Trust wants research dreams to flourish

move on thought CANCER
» Contents 27 Nov 14

» More news from Nature NBodeanta M Vidtos

/
’
-

e

Chem Soc Rev

View Article Online
Vit losirnal | Migw bsa

REVIEW ARTICLE

pubs.a

Nanofluidics in two-dimensional layered
materials: inspirations from nature
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Confinement-Controlled Aqueous Chemistry within
Nanometric Slit Pores

Focus Review
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Jun Gao, 1" Yaping Feng,t"" Wei Guo

sheets, as shown in Figure 7a middle. Later, they fabricated a
2D nanocapillary devices through van der Waals assembly. With
precisely controlling the height of spacers, they systematically
explored the effect of 2D interlayer spacing on the water trans-
mission rate, and attributed the observed ultra-fast transmis-
sion rate (up to 1 m s7') to the high capillary pressures (about
1000 bar) and large slip lengths.® Corresponding MD simula-

Dominik Marx, Distinguished Professor
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mobility within these bilayer lamellae is suppressed in relation to
the bulk solution for all multiply charged cations, while it is
similar (K*) or even enhanced (Na*, Li*) with respect to bulk for
the three monovalent cations. Furthermore, the mobility of K*
and CI” is affected differently by extreme confinement,” which 3 |
has been traced back to different interactions of cationically and  Sweneronth

etz
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@ A-scale confined cations

the slip length and further water flow rate. MD simulations
revealed that the water formed a highly ordered monolayer
when confined inside graphene 2D nanospace. The frictionless
flow of the water monolayer resulted in ultrafast water transport.
This research is important proof of the QSF concept. By fabricating

nNarrow and smooth capillaries between graphene layers, unexpect-
edly fast flow (uE to 1 m s’ll has _been_achieved through_the

rm.nochanmzlsi which is attributed to the high caEillﬂ pressure
and laggs sliE lenghs. The marked enhancement of the water

4 L,\

flow is associated with an increased ordered structure of
nanoconfined water when the channels accommodate only a
few layers of water. Moreover, two-dimensional water flow in

RYEEIEE (important proof),

anionically solvated ions with the confining walls"® with the
help of force field and AIMD computer simulations (bottom
panels of Figure 10). On the other hand, none of these ions can

Pige 10 (top) Schemak purionetal e (i) ot mamalkic deic v 1 vl 7 o o o bl (1) I asoconiond

bilayer v by one MoS, layer ar two graphene layers, resulting in it pores with well-defined
sccessble widthof sbout 6.6 and 6.7 A nqvtm\‘e?y (bottom) Representative configuration snapshots (k) of K*(aq) and CI"(ag) in biayer water
ics."“ (top)
Reproduced with permission from ref 7. Copyright 2017 AAAS. (bottom) Reprodiuced with permission from ref 160. Copyright 2019 American
Chemical Society.
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Faster, more efficient nanodevice to filter
proton and alkaline metal ions

Monash University researchers have developed a faster, more efficient nanodevice to filter
proton and alkaline metal ions which will help design next-generation membranes for clean
energy technology, conversion and storage

Peer-Reviewed Publication
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Faster, more efficient nanodevice to filter
proton and alkaline metal ions

Monash University researchers have e ==
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dual-sites for boosted alkaline hydrogen evolution

reaction
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Zhongmiao Gong', Xiaoming Dong', Chengfeng Zhu', Nana Yang', Jingyuan Ma®, Rui Gao®, Dan Luo?,
Shan Cong!, Lu Wang@ 2, Zhigang Zhao® '™ & Yi Cui@ ™

by Bader charge analysis (Supplementary Fig. 15). Correspond-
ingly, as shown in the R-space plots of the FT-EXAFS profiles, the
reference sample of W foil exhibits typical scattering path of
W-W coordination at 2.85 A, which is almost absent in that of

“BEIIE 7 VR T RIPRIR SR

Indicating the existence ot W-w bonds, while the intensity of the
W-W peak is much weaker than that of WC NPs, implying

the small size and unsaturated nature of W-ACs?°. In addition,

ROYAL SOCIETY
- OF CHEMISTRY

For the sole purpose of desalination, where drinking water is
the expected final outcome, near absolute solute rejection is
more often than not unnecessary as remineralization at down

| RE—HEEIHES"

alized again. Recently, there has been a new thrust in develop-
ing selective membranes with the capacity to carry out single

solute rejection from saline water.>’*">’* The rationale is to
realize high discrimination between different solutes such
that membranes can selectively separate undesired solutes,
while allowing essential solutes to pass through, so as to avoid

~ "EAlRKBRREEN"

perspective of water nanochannels, there is certainly huge

ARTICLE ) s or spos

potential for compelling nanochannels to contribute towards

this demand for solute-solute (or ion-ion) selectivity. To do

Zhigang Chen'®, Yafeng Xu?®, Ding Ding, Ge Song!, Xingxing Gan', Hao Li', Wei Wei, Jian Chen', Zhiyun LI,

so, it is essential to first understand the mechanism of solute
or ion transport through the nanochannels. According to the

: 3 1ntemuhunut]uurnutuFHydrugen Energy E
£k = 8,16 June 2023, Pages 19522-15831

Engineering the electronic structure of PtCo
sites via electron injection to CoNC boosts
acidic oxygen electroreduction

nnq' n Zong ®, Rui Huang %,

Fivt Y

2062 cm™*
that CO bond energy relationship of the catalysts is

BIIXE FFEIﬂaLIEIE:I:

and 2056 cm™ ', respectively. The result indicates

BT RIS k6"

conclusion is consistent with XPS. Based on previous theo-
retical calculations, alloying Pt with Co can significantly

the observed predominant W-C/O (1-2 A) scattering paths in
W-ACs verify that they are rich in C/O ligands. To obtain the

reduce the binding energy between Pt and oxygen species,
which improves the ORR activity and adjusts the binding en-
ergy between Pt and oxygen species to the nght side of the
volcano-shaped plot [39]. However, alloying with transition
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Hydraulic Fracturing and Enhanced Recovery in Shale
Reservoirs: Theoretical Analysis to Engineering Applications

Yu, H (Yu, Hao) (1] ; Xu, WL (Xu, WenLong) (1] ; Li, B (Li, Bo) (1] ; Huang, HW (Huang, HanWei) (1l ; Micheal, M
(Micheal, Marembo) (1] ; Wang, Q (Wang, Quan) (1] ; Huang, MC (Huang, MengCheng) (1] ; Meng, SW (Meng,

siwei) [21; Liu, H (Liu, He) (11 215 wu, HA (wu, Hengan) [

situation. Zhong et al. (2024) investigated the propagation
pattern of hydraulic fractures at the lithological interface
using the model developed by the extended finite element
method (XFEM), and the conclusions obtained were sim-
ilar to those of Liao et al. (2024). Zhang et al. (2022b)
using the model developed by the XFEM, it is pointed out

that the interface orientation, fracture toughnegs~tio, and
material properties control the propaggs ttern  of
hydraulic fractures at interfaces. Xic obtained

the process of increasing storage and production of
unconventional oil and gas resources. The hydraulic frac-
ture propagation path during fracturing and the degree of
communication with discontinuities, such as bedding sur-
faces and natural fractures, detgrmine the complexity of the
generated fracture networ] ch is also a critical index
for the evaluation of stimulation (Yoshioka et al.
g et al. 2022a, 2021). As the
cal properties, pore structure,
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Numerical Methods
in Engineering

Founded by Olgierd C. Zienkiewicz and Richard H. Gallagher
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";EEEII:H ?gﬁgs ﬁ that in sandstone layer. Celleri and
on of discontinuous Galerkin finite

E*Eﬁﬁ ;r Eﬂ]ﬁg study the effect of weak bedding on
= M ” e fracture is only allowed propagate
EIEJ\J" , which makes the fracture propa-
™t al., 2017). Zhang et al. (2022) used
to simulate fracture propagation
fracture to propagate across

the extended finite elemem
across different layers, which allo
element (Belytschko and Black, 1999), they also presented an
energy-based criterion to estimate fracture pati™after the fracture in-
tersects an interface. Xie et al. (2020) adopted the displacement
discontinuity method to determine whether the fracture penetrates the
bedding plane with using a toughness criterion. Li and Wu (2022)
employed the 3D displacement discontinuity method to investigate the
impact of weak interface on fracture geometry. Both the extended finite
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more general planar
et al. (2024). An alternative ap)
layers (Peruzzo et al., 2021; Peruzzo &

s an approach using the 3D-displacement discontinuity method by Li, Q1
ating conditions for initiation of crack propagation between distinct rock
ithin the level-set method was given by Peruzzo (2023). This has been
applied to analyses of the effect of rock heterog ck arrest in the case of buoyant fractures (Mori et al., 2024). It should
be noted that Wang, Yu et al. (2024) suggested the sys symptotics, which are utilised by these approaches when obtaining
solutions' need to be updated, since the solutions may lose accuracy in cases of cracks propagating between material layers. They
have suggested that an additional ‘intermediate’ asymptotic solution needs to be utilised, in addition to the crack-tip and far-field
asymptotics.
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3. Viscosity of eleven components at NTP and FTP.
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Above bubble point pressure

(a). Hydraulic fractures connected with natural fractures in shale reservoir matrix.
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(b). phase behavior in nanopores when the system pressure less than bubble point pressure.
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  𝜒 =  t 𝕋 =    (  𝚪 D )   2 / 3 =    (    E ′  Q 0 2  t 2   D 3 G )   1 / 2


     {  B l  ( r , 𝜃 ) }  l = 1 4 =  {  r s i n  𝜃 2 ,  r c o s  𝜃 2 ,  r s i n 𝜃 s i n  𝜃 2 ,  r s i n 𝜃 c o s  𝜃 2 }


   1  4 𝜋   ∫ 0 ∞  𝜙  ( 𝜂 )  1  𝜉 − 𝜂 d 𝜂 = Π  ( 𝜉 ) −  1  4 𝜋   ∫ 0 ∞  𝜙  ( 𝜂 )  [  g 0  ( r , 𝜌 , 𝜂 ) + ⋯ ] d 𝜂 = Π  ( 𝜉 ) +  G 0  ( r , 𝜌 ) + 𝜊  ( 𝜉 )


  𝜉 → 0 ：


  𝜉 → ∞ ：


   1  4 𝜋   ∫ 0 ∞  𝜙  ( 𝜂 )  1  𝜉 − 𝜂 d 𝜂 = Π  ( 𝜉 ) −  1  4 𝜋   ∫ 0 ∞  𝜙  ( 𝜂 )  [  1 𝜉  h 1  ( r , 𝜌 , 𝜂 ) + ⋯ ] d 𝜂 = Π  ( 𝜉 ) +  1 𝜉  H 1  ( r ) + 𝜊  (  1   𝜉 2 )


  ∆ a  ( i ) =  {    0 ,  0 ≤    K I  ( i )   K c  ( i ) < 1 − 𝛾     ∆  a  m a x  𝛾 − 𝛽 𝜆  ( i )  (    K I  ( i )   K c  ( i ) −  ( 1 − 𝛾 ) ) ,  1 − 𝛾 ≤    K I  ( i )   K c  ( i ) < 1 − 𝛽   ∆  a  m a x 𝜆  ( i ) ,  1 − 𝛽 ≤    K I  ( i )   K c  ( i ) ≤ 1 + 𝛽


  𝝀  ( 𝒊 )


  𝛹 =  𝛹 m +  𝜳 𝐟 +  𝜳 𝐜 +  𝜳 𝐢


  𝑫 : = 𝝆 𝑻  𝜼 . + 𝛁 ∙ 𝑸 −  𝟏 𝑻 𝛁 𝑻 ∙ 𝑸 ≥ 𝟎


  𝛻 ∙ 𝝈 −  𝒃 n = 0


  𝛻 ∙  𝜻 f −  𝜑 f = 0


  𝛻   ∙ 𝑱 C +  C . = 0


  𝛻 ∙  𝜻 d −  𝜑 d = 0


   𝑮  𝐜 𝐫 =   2 k  q  c r   H 2

