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Abstract: With recent advancements in additive manufacturing, advanced architectural
materials featuring unique cellular structures hold increasingly concrete prospects for
applications in the construction industry. This paper presents an investigation into the air
permeability of advanced architectural material structures based on Triply Periodic Minimal
Surfaces (TPMS), focusing on three fundamental types: Primitive (P), Gyroid (G), and
Diamond (D). Utilizing the Lattice Boltzmann Method (LBM) with a D3Q19 lattice
configuration, airflow through the complex void spaces of the TPMS is modeled and analyzed
in detail. By computing the dimensionless permeability coefficient and benchmarking the
results against the EN 12114 standard for air permeability of building components, this study
quantifies the precise effects of geometric characteristics, pore size, and porosity on flow rate
and aerodynamic behavior. The results indicate that the Primitive structure delivers the
highest ventilation performance due to its straight channel network; the Gyroid structure
exhibits the most optimal and uniform helical flow distribution; whereas the Diamond
structure induces the highest flow resistance caused by tortuous pathways and bottleneck
constraints. Furthermore, the study highlights a sharp, non-linear degradation of the
permeability coefficient as porosity and pore size decrease to lower thresholds. These
findings provide a solid scientific foundation for the design and deployment of TPMS
architectural materials in natural ventilation wall systems and high-performance building
envelope membranes.
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Tom tat. Vi su tién bo cia cong nghé ché tao boi dap, vat liéu kién tric tién tién c6 cau truc
dic biét ngay cang ¢ trién vong ng dung Cu thé trong nganh xay dyng. Bai bao nay trinh
bay nghién ctru danh gia kha ning tham khi ctia cac cau trdc vat liéu kién tric tién tién dua
trén bé mit cuc tiéu tuan hoan ba chiéu (Triply Periodic Minimal Surfaces - TPMS), bao gom
ba dang co ban: Primitive (P), Gyroid (G) va Diamond (D). Bang viéc ung dung phuong phép
md phong sb Lattice Boltzmann (LBM) véi ciu hinh khdng gian D3Q19, dong chay khong
khi qua cac khong gian rdng phuc tap cia TPMS dugc mo hinh va phan tich chi tiét. Théng
qua viéc tinh toan hé sé tham khong thir nguyén va déi chiéu tryc tiép véi tiéu chuan EN
12114 vé d6 tham khi cua cau kién xay dyng, nghién cau da dinh luong rd sy anh hudng cua
dac dlém hinh hoc, kich thudc va do réng dén luu luong va cac dic tinh dong chay. Két qua
chira rang cau trdc Primitive mang lai kha ning thong gio t6t nhat nho cac kénh dan thang,
cau tric Gyroid cho thay su phan bé dong chay xoin b¢ dong déu t6i wu, trong khi cau trlc
Diamond tao ra tr& luc 16n nhat do mang luéi kénh dan udn luon va that n(t cé chai. Nghién
ctru cling nhan manh s sut giam phi tuyén tinh manh m& cua hé sé tham khi d6 rong va kich
thugc giam xudng muc thap. Cac phat hién nay cung cap co sé khoa hoc viing chéc cho viéc
thiét ké va tmg dung vat liéu kién tric TPMS trong céc hé thdng vach ngan thong gi6 ty nhién
va mang bao che coéng trinh hiéu nang cao.

Tir khoa: Vat liéu kién trac, Hé sb tham khi, Lattice Boltzmann, TPMS, In 3D
© 2025 Truong Dai hoc Giao thdng vdn tai
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1. PAT VAN PE

Trong nhitng thap ky gan ddy, xu huéng phat trién bén vitng va kién trac xanh da tré thanh
dinh huéng cha dao trong thiét ké xay dung cdng trinh trén toan cau ciing nhu tai Viét Nam [1].
MGt trong nhiing thach thac I6n nhat 12 1am thé nao dé t6i wu hoa hiéu qua théng gio tu nhién,
nang cao chat lwong vi khi hau trong nha, dong thoi giam thiéu lugng dién ning tiéu thu cho
cac hé théng diéu hoa khong khi. Di voi cac ving khi hau nhiét d6i nong 4m nhu Viét Nam,
V6 bao che cong trinh (nhu twong thoang khi, gach thong gid) dong vai tro quyét dinh trong
viéc diéu hoa dong khi luu thong. Céac giai phap truyén thong nhu gach hoa gio, bé tong xdp
rdng tuy c¢6 wu diém chi phi thdp nhung lai gap han ché vé tinh dong nhat cau tric, kha ning
kiém so4t luu lwong dong khi va tinh tham m¥ kién tric.

Sy phét trién vuot bac caa céng nghé Ché tao bdi dip (Additive Manufacturing - in 3D)
[2] 43 mo ra co hoi thiét ké cac dang vat liéu kién tric tién tién (advanced architected materials)
vé6i cau trac hinh hoc phuc tap dugc kiém soat chinh xac ¢ quy mé vi md [3,4]. Trong sb do,
cdc cau tric mang dua trén bé mat cuc tiéu tuan hoan ba chiéu (Triply Periodic Minimal
Surfaces - TPMS) néi 1én nhu mét giai phap dot pha [5,6]. TPMS la cac bé mat toan hoc c6 do
cong trung binh bang khong tai moi diém va tuan hoan trong khong gian ba chiéu. Pac trung
ndi bat cua TPMS rdng (sheet-based) 1a s& hitu hé thong kénh dan lién thong hoan hao, khdng
c6 cac nat giao sac nhon (ndt that gay tap trung wng suat trong cau tric gian thanh truyén théng),
dién tich bé mat riéng l6n va do6 rdng cao. Cac dac tinh nay gitp TPMS tré thanh Gng vién ly
tuong cho viéc diéu chinh va ting cuong kha ning tham khi, truyén dan chét luu va trao doi
nhiét thy dong trong cac dang kién tric mat ding cong trinh [7].

Mic di tiém ning cua vat liéu TPMS trong cac bai toan co hoc va trao doi nhiét da duoc
nghién ciru rong réi, cac khao sat chi tiét vé kha nang tham khi ciia cac cau tric TPMS ba chiéu
(3D - 6 co s& day du) van con nhiéu khoang trong [8]. Pic biét, viéc danh gia dinh luong va so
sanh truc tiép kha nang thim khi giita cac cdu trac TPMS phé bién nhu Primitive (P), Gyroid
(G), va Diamond (D) & cuing mot d6 rdng la rat can thiét dé dwa ra khuyén nghi thiét ké tdi uu.

Nham giai quyét van dé trén, bai bao ndy tap trung nghién ciru danh gia kha nang tham khi
cua ba dang cau trac TPMS rong tién tién (P, G, D). Ching toi xay dung md hinh s6 giai bai
toan dong chay chat khi o téc do thip qua khong gian réng cua cau tric bang phuong phép
Lattice Boltzmann (LBM) trén md hinh 3D. Tir két qua van toc dong chay, hé s tham khong
thir nguyén K duoc xac dinh theo dinh luat Darcy dé danh gia cau trdc c6 hiéu ning thong khi
t6t nhat. Bai bao dugc cau tric gom 6 phan: Phan 1 gioi thiéu tong quan; Phan 2 trinh bay thiét
ké hinh hoc va quan hé do rong; Phan 3 thiét lap cac phuong trinh truyén dan chat luu co ban;
Phan 4 md ta md hinh s6 LBM; Phan 5 phan tich két qua md phong va danh gia; Phan 6 dwa ra
két luan va kién nghi.

2. THIET KE HINH HQC VA PQ RONG CUA CAC CAU TRUC TPMS

Do rdng cua vat liéu kién trac TPMS quyét dinh tryc tiép dén dung lugng chira khi va kha
nang luu thong chét luu. Trong nghién ctu ndy, ching tdi tap trung khao sat cac cau tric dang
tam (sheet-based TPMS) ba chiéu. Khac véi cac ciu tric dang khdi (solid-based TPMS) phan
chia khdng gian thanh hai mién dac rdng riéng biét, cu trdc dang tim duoc tao nén bai mot 1op
v6 mong bao quanh bé mat cuc tiéu. Mién khdng gian vat liéu dic dugc dinh nghia bai tap hop
cac diém thoa man diéu kién:

C—ESF(X,}/,Z) Sc+§ D

N
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trong d6 F(x,y,z) la ham 4n todn hoc mé ta bé mat cyc tiéu tuan hoan ba chiéu, ¢ 1a gia tri
isovaleur diéu khién s léch tdm (bias) cua cau trdc, va t 1a tham sb quy dinh khoang gi4 trj cua
ham an. Chiéu day hinh hoc thuc té cua tim duoc ky hiéu 1a t,, lién hé mat thiét voi tham sé t.
Tham sb t dugc xac dinh nhu 1a mot ham sé phu thudc vao mat do thé tich twong ddi cua vat
liéu pg va gia tri Iéch tam c:

t = fps©) )

Ba dang cAu tr(ic TPMS ba chiéu chinh dugc khao sét trong nghién ctu nay bao gom
Primitive (P), Gyroid (G) va Diamond (D). Ham an cta cac bé mat nay dugc biéu dién tuong
ung nhu sau:

- i vai cau tric Primitive (P):
Fp(x,y,z) = cos(2nx) + cos(2my) + cos(2nz) 3)
- i voi cau tric Gyroid (G):
Fe(x,y,z) = sin(2nx)cos(2ny) + sin(2ny)cos(2nz) + sin(2nz)cos(2nx)  (4)
- Béi véi cau tric Diamond (D):
Fp(x,y,z) = cos(2mx)cos(2my)cos(2nz) — sin(2nx)sin(2my)sin(2nz)  (5)

Trong nghién ciru ndy, cac cau tric hinh hoc duoc md phong trong mot 6 co sa tuan hoan
dang lap phuong co kich thuéc L = 1,0. Bé minh hoa truc quan cau trdc dang tim, Hinh 1, 2,
3 trinh bay m6 hinh 3D cua céu triic P, G, D dang tim vai cac thdng s6 dién hinh p; = 0,3 va

= 0 bao gom g6c nhin tong thé (pha rong trong suot) mat cat mot nira 6 co s, va riéng pha
tam dic. Can luu y thém rang, mot so nét den xudt hién tai mat cong tai Hinh 1, 2 1 do qué
trinh xuat anh hién thi do can dam bao d6 phan giai cao. Pay khong phai 1a khuyét tat cua vat
lieu nghién ctru do d6 khong 1am anh huong dén két qua tinh toan.

Hinh 1. Truc quan héa hinh hoc 3D cau trlic Primitive dang tim tai pg = 0,3 vac = 0.
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Hinh 3. Tryc quan héa hinh hoc 3D cau tric Diamond dang tim tai p;, = 0,3 vac = 0.

MGi quan hé dinh lwong gitra tham s6 ¢, 6 rong muc tiéu p va thong sé léch tam ¢ duoc
xéc dinh chinh xac bang phuong phap lay tlch phan thé tich. Bang 1 tom tat cac gia tri tham sé
dich chuyén t tim dugc cho cac ciu trdc Primitive voi cac dai thdng sé khao sat.

Bang 1. Gia tri tham s6 t cua cau tric TPMS dang tim theo cac gia tri psva c.
c 0 0.2 0.4
p_s P G D P G D P G D
0,1 |0,3495 |0,1715 | 0,1715 | 0,3501 |0,1703 | 0,1703 | 0,3511 | 0,1689 | 0,1689
0,2 | 0,7012 | 0,3457 | 0,3457 | 0,7009 | 0,3436 | 0,3436 | 0,6972 |0,3374 |0,3374
0,3 | 1,0506 | 0,5147 |0,5147 | 1,0494 |0,5148 | 0,5148 | 1,0475 | 0,5048 | 0,5048
0,4 | 1,4000 | 0,6900 |0,6900 |1,3988 | 0,6833 |0,6833 |1,4128 |0,6783 |0,6783
0,5 | 1,7455 |0,8569 |0,8569 | 1,7555 |0,8526 | 0,8526 | 1,8273 | 0,8915 | 0,8915

Dé minh hoa truc quan kha niang @ng dung thuc tién cua vat liéu TPMS dang tim lam cau
kién kién tric thoang khi, Hinh 4 giéi thiéu mé hinh tim tudng thong gi6 ding thang (ludi
4x1x4 6 co s0) tai do rong p; = 0,3 vac = 0,0 d6i véi ca ba cau hinh Primitive, Gyroid va
Diamond duoc dung bang chit liéu dat nung.
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Hinh 4. Truc quan héa mé hinh tim twong thong gi6 cua cac cau hinh: (a) Primitive, (b) Gyroid,
va (c) Diamond.

3. PHUONG TRINH TRUYEN KHi TRONG CAU TRUC RONG

Hién twong chét khi chuyén dong qua cac kénh dan rdng lién thdng cua vat liéu kién tric
dudi tac dung cua sy chénh Iéch ap suat dugc mo ta boi cac phuong trinh dong luc hoc chat luu
co ban. O trang thai dung va gia thiét chat khi la chat luu kiéu Newtonian khong nén dugrc,
dong chay ¢ quy mo vi mé trong cac 16 rong tuan theo hé phuong trinh Navier-Stokes dang
dung:

p(u-Mu = —Vp + uV?u (6)
V-u=0 ()

Trong d6 u 1a vecto van téc vi mo dong khi, p 1a p suét tinh, p 1a khoi luong riéng va u la
do nhot dong lyc hoc cua khi. Trong dicu kién thdng gio tw nhién cong trinh thong thuong, gia
thiet rang van toc dong khi qua cac khe rong la nho, dan den so6 Reynolds cuc b Re << 1 (dong
chay tang Stokes cham). Khi d6, so hang quan tinh phi tuyen ¢ ve trai phuong trinh (6) c6 the
b6 qua va hé phuong trinh chi phoi dong khi rit gon vé phuong trinh Stokes tuyén tinh dang
dung:

uV?u — Vp = 0 8)
V-u=0 9)

Hé phuong trinh Stokes vi mo tuyén tinh nay hoan toan twong thich va 1a co s¢ dé dan ra
dinh luat Darcy & quy mé vi mé. Do tinh chat tuyén tinh ciia phuong trinh Stokes dang dimng
va diéu kién bién khong truot trén bé mit rin cua tim TPMS, van téc cuc bo u ty 1& tuyén tinh
vé6i gradient &p suat ap dat. Khi tién hanh trung binh héa thé tich truedong van téc cuc bo u trén
6 co s tuan hoan, ta thu dugc mdi quan hé tuyén tinh vi mé gitra van tc trung binh (van téc
Darcy) (u, )va gradient 4p suét tinh doc theo hudng dong chay dp/dx:

K dp
(ue) = =23 (10)

Trong d6 K (m?) 1a hé s thim hiéu dung, dic trung cho kha ning cho chit luu di qua cta
ciu tric x6p. Dé loai bo anh huong caa kich thude hinh hoc tuyét ddi, ta sir dung hé sé tham
khong tha nguyén K* dugc dinh nghia la:
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I ¢
K" =7z
Vc’gi L 1a kich thudc dac trung cta 6 co s¢ tuan hoan. G[é tri K* hoan toan phu thudc vao
dac diém hinh ho‘c, do rong va do roi cua cau trdc hinh hoc xop. Cac dai lugng twong tng trong
cac bai toan truyen dan co ban dugc thé hién trong Bang 2 [7].

(11)

Bang 2. Mot s6 hién tugng truyén dan co ban.

Hién twong Pai lwong thé  Pai lwong Hé s6 dan Nguon
dong
Tham (Darcy) Ap suat Luu luong thé Hé s6 tham Ngudn bom/hat
tich (m2-s) (md/(m&-s))
Dan nhiét (Fourier) Nhiét do Mat do dong Hé s dannhiét Nguén  nhiét
nhiét (W/(m-K)) thé tich (W/m?)
Dan dién (Ohm) Thé dién Mat d6 dong Hésédandién  Nguon
dién (S/m) dong/kich thich
(A/Im3)

4. MO HINH SO LATTICE BOLTZMANN CHO DONG KHI

Dé giai bai toan mo phong dong khi di qua khong gian rdng phic tap caa cau tric TPMS,
phuong phap mé phong s6 Lattice Boltzmann (LBM) duoc sir dung [9]. Phuong phép Lattice
Boltzmann dua trén y tudng thuyét dong hoc chét khi cua Ludwig Boltzmann, coi dong chay
khi hay chat luu 1a tap hop vo sb céac hat phan ta chuyén dong ngau nhién. Su trao doi dong
lugng va sy va cham gitta chiing dugc m6 hinh héa duéi dang cac hat phan tir lan truyen trén
mot Mang ludi roi rac. Khac voi cac phuong phap CFD truyen thong, viéc giai tryc tiép su tién
hoa cua cac hat phan tir doc 1ap gidp LBM rat linh hoat va ph hop dé giai quyét cac diéu kién
bién hinh hoc phirc tap nhu dudng cong cua vat lieu TPMS ma khong can tinh toan chia luéi
luGi phan tir hiru han phuc tap.

Trong nghién ciru nay, khdng gian 3 chiéu duoc roi rac hoa st dung mé hinh D3Q19, twong
g véi 19 huéng vector van téc vimd e;(i = 0, ..., 18). Mdi hat phan ti trén mang ludi dugc
lien két voi mot ham phan bd xac suat roi rac f;(x, t), thé hién xac suat ma hat phan te lan
truyén theo mot trong 19 phuong bat ky. Tir cac ham phan bd vi mo nay, cac dai lugng vi mo
cua chat luu duoc tinh toan truc tiép. Cu thé, mat do chét luu vi mé p (ti 1é thuan véi &p suat)
duoc tinh tir tong cac ham phan bé:

p = 2ifi (12)
va dong lugng vi mo6 pu duge xac dinh qua tong cac vector dong luong theo 19 huéng (trong
do f; dong vai tro 1a trong so):

pu = Yicsfie; VoI ¢y = Ax/At. (13)
Hé sé ¢, dai dién cho van toc &m thanh cia mang tinh thé do bang ti s6 budc ludi Ax cho budc
thoi gian At. N6i mot cach don gian, hé so c¢g dong vai tro 1a mot hang so ty 1€ chuyén doi hoac

van téc dic trung ctia mang ludi roi rac nham thiét 1ap méi lién hé gitra cac budc dich chuyén
khong gian va thoi gian cua cac hat phan tu trén mang tinh the.

Qua trinh dich chuyén cua cé4c hat phan tir trén mang luéi bao gdom hai budc chinh: lan
truyén (streaming) va va cham (collision). Qua trinh nay dugc mé ta boéi phuong trinh Lattice
Boltzmann roi rac vai toan tir va cham BGK don thoi gian dirng (Bhatnagar-Gross-Krook) [10].
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O trang thai cd thém luc the tich W; (dong vai tro thay thé gradlent &p suit dé tao ra dong chay
trong mo hinh 6 co s& tuan hoan), phuong trinh tién héa c6 dang:

filx +e) = fi(x) — ;[fi(x) - 1 + W (14)

Trong d6, T 1a thoi gian dimg (relaxation time) vo hudng dé hat phan tir dat dén trang thai
can bang. P nhét dong hoc cua chét luu lién hé chat ché véi 7 thong qua biéu thac n = (7 —
0,5)/3. Thanh phan £°? 1a ham phan bé can bang, dwoc xac dinh da trén xap xi Taylor cua
ham phan bé Maxwell-Boltzmann & gidi han van téc ¢ nho:

9 = wip[1l + 3(e; - w)/cs + 4.5(e; - w))?/cs? — 1.5u-u/c? (15)

Véi w; la céc trong s6 dinh huéng cia md hinh D3Q19. Tom lai, thuat toan Lattice
Boltzmann mé phong dong khi di qua vat liéu TPMS duoc thuc hién theo trinh tu 1ap lai nhu
sau:

1. Thiét 13p gié tri dau cho céc dai luong vi mo p, u va cac ham phan bé f;, £

2. Thyc hién pha va cham tai ting nat lugi thong qua toan tir BGK dya trén ham phan bd
can bang fieq hién tai. Do budc tinh nay hoan toan doc 1ap tai mdi nat ludi, nd dac biét phu
hop dé vector hoa.

3. Thyc hién pha lan truyén, dich chuyén va cap nhat ham phan bé f; dén cac vi tri lang
giéng mai theo phuong e;.

4. Cap nhat cac diéu kién bién: st dung phuong phap phdn Xa ngugc tai cac vach cung cua
cau trac TPMS, dam bao diéu kién khong truot 1y tuong; dong thoi ap dung bién tuan hoan tai
cac ranh giai cua khdng gian mo phong.

5. Tinh lai mat do p, u tir ham phan b f; mai theo cong thire (12) va (13).

6. Tinh lai ham phéan b can bang £°? bang cong thirc (15) va lap lai tir bude 2 cho dén khi
sai sO cua trudng van téc dat ngudng hoi tu.

Viéc tng dung thuat toan LBM véi ma tran da chiéu (Numpy) trén Python giGp giai quyét
bai toan md phong dong chay tinh trong méi truong x6p TPMS mot cach hiéu qud, tranh dugc
viéc phai giai tryc tiép phuong trinh Poisson phirc tap nhu cic phwong phap thé tich hitu han
truyén thong.

5. KET QUA MO PHONG VA PANH GIA KHA NANG THAM KHIi

Két qua md phong sb hé sé tham khong thir nguyén cho ba cu tric TPMS (P, G, D) & cac
d6 réng khac nhau tir 0,4 dén 0,8 duoc thé hién chi tiét tai Bang 3 va d thi Hinh 5. Toan bo
cac tinh toan sb duoc thuc hién cho trudng hop dbi xing hoan hao véi gia tri léchtam ¢ = 0,0.
Dé dam bao danh gia théng nhat kha ning tham khi cia cdu kién xay dung, phuong phap tinh
toan nay tham khao tiéu chuan chau Au EN 12114 quy dinh vé phuong phap xac dinh Iuu luong
dong khi di qua cau kién dudi sy chénh léch ap suat khong khi tinh ap dat. Theo tiéu chuan EN
12114, luu lwgng dong khi qua cau kién lién hé véi do chénh p qua phuong trinh lity thira Q =
C - Ap™, véi n 12 s6 mii dong chay. Trong ché do chay tang Stokes cham (s6 Reynolds vi md
Re << 1) cua dong khi qua khe rdng, sé mii n = 1,0 twong ung véi méi quan hé tuyén tinh
gitra luu lwong (hoidc van téc trung binh) va chénh Iéch &p suat, ph hop véi dinh luat Darcy va
md hinh Stokes dang dung.
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Bang 3. Két qua tinh toan hé s6 tham khong thir nguyén K *cho cac cau tric TPMS dang tam tai

c = 0,0.
Cau  tric | (¢ =04) (¢ =0,5) (¢ =0,6) (¢=0,7) (¢=0,8)
TPMS
Primitive 2,2087e-03 3,9332e-03 7,0448e-03 1,1457e-02 2,2219e-02
Gyroid 1,5696e-03 2,6945e-03 4,5868e-03 7,2943e-03 1,1821e-02
Diamond 8,8365e-04 1,5598e-03 3,3971e-03 5,8017e-03 8,4711e-03
=@ Primitive

*;4 2001072 1 —m- Gyroid

OED =& Diamond

=.

T 1,50x1072

=

2 1.00x1072 1

3

=

E 5,00x1073

T

0 1 1 1 | 1
0,4 0,5 0,6 0,7 0,8
Do rong ¢

Hinh 5. D4 thi so sanh hé sé tham khdng thir nguyén K* theo do rong.

Trong cac mod phong LBM 3D xéc dinh K*, tai trong ap dat tai bién tuan hoan doc theo
hudng dong chay (truc x) tuong dwong véi mot gradient p suat tinh vi mo 0,647 Pa/m (duoc
mo hinh hda qua gia téc luc thé tich déu g = 1,0 X 1075 trong don vi lattice, véi kich thudc
0 co s¢ dac trung d = 3 mm, mat d6 khéng khi p= 1,2 kg/m* va d6 nhét dong hoc n =
1,508 x 1075 m?/s),voi N = 40 1a d6 phan giai lugi doc theo mot canh ciia 6 co s& tuan
hoan).

Két qua thu duoc cho thay, hé sé thim khong thi nguyén K* caa ca ba cau tric déu ting
phi tuyén manh khi d¢ réng tang. Piéu nay hoan toan phi hop vai thuc té vat 1y, vi do rdng Ién
hon s& ma rong tiét dién cac kénh dan khi, 1am giam tro luc nhét gitra dong khi va thanh ran,
do 6 lam ting dang ké kha nang luu thong. Ngoai ra, & cung mét gia tri do r6ng, cau trac
Primitive (P) luén cho hé sb thim khi 16n nht, tiép theo 1a ciu tric Gyroid (G), va thap nhat 1a
cau tric Diamond (D). Su khac biét nay co thé giai thich rd rang théng qua phan bd truong van
tbc dong chay biéu dién tai cac mat cit z = 0,20; 0,40; 0,60; 0,80 cua ba cau trlc & d6 rdng
0,6 trong Hinh 6, Hinh 7 va Hinh 8. Trong cac hinh nay, do 16n van tdc dong khi (don vi vat ly
m/s) dugc thé hién truc tiép qua mau sic cua cac miii tén chi hudng dong chay theo thang mau
tuong ung. Cac mili tén mau do6 biéu thi van téc dong chay cuc bo 16n nhét (thuong dat cuc dai
& viing trung tdm cac kénh dan chinh noi dong khi it bi can tro), cac miii tén mau xanh duong
biéu thi van tc rat nho tién gan bang 0 m/s (ving dong sat vach do ma sat nhét khéng truot no-
slip hoac tai cac ngach ket).
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oo ERRERE I EER .
0,0 0,5 L0 0,0 0,5 1.0
X X
0 0,001 0,002 0,003 0,004

Do 16n vén toe U (m/s)

Hinh 6. Truong phan bd d6 1on van téc dong khi (m/s) trong ciu trdc Primitive 3D tai cac mat cat
z = 0,20; 0,40; 0,60 va 0,80 (p = 0,6,c = 0,0).

z=0,2 z=0,4
1,0 -
TS
o e
r -
=059
______ .
......... 2L
..... A
0,0 T T
z=0,6 z=0,8
1,0 —
.
N e by
e e
> 0,51
PSSt o
L r -4 .. .. x
....... P el
0,0 0,5 1,0 0,0 0,5 1,0
X X

0 0,000 0,001 0,001 0,001 0,001 0,002 0,002 0,002
D6 16n vén tde U (m/s)

Hinh 7. Truong phan bd d6 1on van téc dong khi (m/s) trong cau trdc Gyroid 3D tai cac mat cat
z = 0,20; 0,40; 0,60 v 0,80 (p = 0,6,c = 0,0).
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Hinh 8. Truong phan bd d6 Ion van téc dong khi (m/s) trong ciu tric Diamond 3D tai cac mat cat
z = 0,20; 0,40; 0,60 va 0,80 (p = 0,6,c = 0,0).

Duya vao phan bé trudng van tde trén cac mat cit khac nhau, ta ¢ thé thay cau tric Primitive
s& hitu céc kénh dan thing, song song truc tiép véi husng cua lyc day dong chay (truc x).
Truong van toc trén ca 4 matcat z = 0,20; 0,40; 0,60; 0,80 cua Primitive déu thé hién dong
chay thang lién tuc, it bi can tro, dan dén van toc trung binh va hé sé tham 16n nhat. Nguoc lai,
cau tric Gyroid c6 hé thdng kénh dan lién théng ba chiéu phtc tap dang xoan 6¢. Sy bién doi
clia trudng van toc trén cac mit cat (z thay doi) cho thay dong khi phai lién tuc udn luon doi
huéng doc theo cac bé mat cong tron, tao ra cac ving can dong nhét va lam giam hé sb tham
X0 V&i cau tric P. Cau triic Diamond c6 hé théng kénh dan chéo goc 16n, tao ra d6 ngoan ngoéo
cao nhat va sy thu hep tiét dién Ion nhét tai cac c6 chai dong chay (thé hién qua cac ving van
téc cuc bo rat cao xen k& viing van téc bang khong trén cac lat cat z = 0,20;z = 0,80), dan
dén tro lyc 16n nhat va hé sb tham thap nhat ¢ cang do rong.

Vé mit lya chon thiét ké dang kién tric thdng gi6: Néu tiéu chi duy nhat 1a téi da hoa luu
luong gid di qua vo bao cong trinh (kha ning tham khi cuc dai), cau trdc Primitive (P) 1a lva
chon hop Iy nhét. Tuy nhién, néu can tinh dén kha ning chiu luc dong déu (ding hudng) va
hiéu qua trao doi khi/nhiét doc theo mat diing, cau triic Gyroid (G) 1a sy lya chon téi wu hon vi
né can bang tét nhit gitta d6 bén co hoc va kha nang tham khi. Ngoai ra thi viéc lya chon con
tdy thudc nhu cau sir dung lién quan toi kha ning ngan cach tim nhin ciing tiéu chi vé ché tao
va do bén.

Dé c6 su danh gia ddng bd va thuc tién hon theo cac tiéu chuan ky thuat xay dung hién
hanh, nghién ctu nay tién hanh mot thi nghiém sé md phong lai quy trinh thir nghiém phong
thi nghiém cua tiéu chuan chau Au EN 12114. Thir nghiém sé duoc thiét 1ap cho ca ba cau trdc
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TPMS (Primitive, Gyroid, Diamond) tai 3 truong hop (1) - 6 rong p = 0,6, kich thudc 6 co s6
d=3mm;(2)-p=0,6,d = 50mm; 3)-p=0,1,d = 50 mm. Mau thir c6 kich thuéc
hinh hoc danh nghia L = 0,2 m (chiéu day tudng), dién tich truc dién A = 1,0 m2. Dong khi di
qua cu trac duoc khao sat dudi 8 cap chénh p logarit tir 50 Pa d&én 500 Pa (50, 100, 150, 200,
250, 300, 400, 500 Pa) theo dung quy trinh cua tiéu chuan. Méi quan hé giira chénh Iéch &p suét
va luu lugng khi Q (m*/h) duoc xac dinh bang cach khép dir liéu s6 voi phuong trinh liy thira
tiéu chuan EN 12114:

Q = Cp)"

Trong d6 C 1a hé s6 thAm khi va n 12 s6 mii dong chay phan anh ché d6 dong chay (n = 1,0
d6i véi dong tang Stokes hoan toan va n = 0,5 di véi dong rdi hoan toan). Dé danh gia va so
sanh kha nang thim khi cia cac cdu kién xay dung theo tiéu chuan EN 12114, céc chi s6 luu
lugng khi riéng dugc xéac dinh tai chénh ap tham chiéu tiéu chuan 50 Pa (ky hiéu 1a Q_50). Cac
chi s6 nay bao gém: (i) luu luwong khi riéng theo dién tich truc dién q_A,50 = Q 50/A
(m3/(h-m2)), véi dién tich mau A = 1,0 m2. Cac chi s6 nay phan anh tryc tiép luu luong khi di
qua mot don vi dién tich twdng hoac mot don vi thé tich khéi xay dung trong thuc té. Két qua
khép thdng sé va cac dic trung thim khi twong tng duoc tom tat tai Bang 5 va biéu do luu
luong tai Hinh 9.

Bang 4. Céac thong sb dic trung tham khi cua cac ciu tric TPMS dang tam theo tiéu chuan

(15)

EN 12114.
Truong hop | Cau trac |HE sb C|Sémin Hé s6 thAm K | q_A,50
(Kich _thuéc | TPMS [m*/(h-Par)] [m?] [m3(h-m2)]
d, d6 rong o)
d=3mm Primitive 165,1919 0,6524 6,3403e-08 2061,2
p =0,6
d=3mm Gyroid 106,1560 0,6291 4,1281e-08 1213,3
p =0,6
d=3mm Diamond 76,6697 0,6137 3,0574e-08 827,0
p =0,6
d=50mm Primitive 1988,5228 0,5024 1,7612e-05 14185,6
p =0,6
d=50mm Gyroid 1080,0707 0,5020 1,1467e-05 7693,5
p =0,6
d=50mm Diamond 698,4495 0,5017 8,4927e-06 4970,5
p =0,6
d=50mm Primitive 85,1931 0,5104 1,8312e-07 626,0
p=0,1
d=50mm Gyroid 47,5132 0,5063 1,6408e-07 3439
p=0,1
d=50mm Diamond 30,2551 0,5082 8,1232e-08 220,5
p=0,1
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Hinh 9. D6 thi biéu dién méi quan h¢ gitra luu lugng khi Q va chénh Iéch ap suét d6i véi ba cau
tric TPMS dang tam theo tiéu chuan EN 12114,

Két qua tai Bang 4 va Hinh 9 cho thay anh huong Ién caa cau tric hinh hoc bao gom dang
hinh hoc (P, G, D), kich thudc mau ciing nhu 15 rdng t6i kha nang tham khi cua vat liéu. O ciing
mot do rong cau trac Primitive cho luu lugng Khi 16n nhat tai moi cap chénh 4p, twong Gng Voi
hé s6 thadm khi 16n nhat va hé sé tham tuyét dbi 1on nhat. Cau trdc Gyroid tiép tuc thé hién tinh
chat trung hoa téi wu. Mac di cac chi s6 Iuu lugng ctia Gyroid thap hon so véi Primitive, cau
trdc nay van cung cap dong chay xoan lién tuc phan bé déu, tao diéu kién hoa tron va trao doi
nhiét khi t6t hon ma van duy tri kha ning théng gié tu nhién hiéu qua cho cac tim tuong kién
trdc thoang khi.

Pic biét cung 1 théng sé hinh hoc, kich thudc cua 6 co s¢ anh hudong rat quan trong toi
kha ning thim khi cua vat liéu. Khi kich thuéc nhan tuan hoan tang 1én d=50mm, hé s6 n tién
dén gia tri 0,5 co ché can dong da chuyén dich hoan toan tir can ma sat nhét sang can dang/can
&p suat. Trong ché @6 dong chay quén tinh manh nay, hinh thai hinh hoc cua bé mat dong vai
tro quyét dinh dén sy ton that nang lwong va hién twong khi dong hoc. Cau tric Gyroid c6 bé
mit cong lién tuc va khong co cac diém dung hoic goc ngoit dot ngot nhu Primitive. Nho do,
Gyroid gitip huéng dong khi di chuyén tron tru qua cac kénh x6p, han ché t6i da su chia tach
dong va giam kich thugc cua cac vung xoay quan phia sau cau tric. Piéu nay gidp Gyroid duy
tri hé s6 can quan tinh thip hon, giam ton that ap suat dong khi ¢6 gié manh di qua tim tuong.
Ngoai ra, chuyén tiép hinh hoc tron cua Gyroid lam phan tan va giam nang luong cua cac cau
trdc xody, tir ¢ giam thiéu hién tuong phét tiéng on, mang lai loi thé vuot troi vé tién nghi am
thanh cho cac cong trinh st dung tim tuong bao che x4p.

6. KET LUAN

Nghién ctru nay da thuc hién thanh cong viéc dung mo hinh hinh hoc va tinh toan mé phong
s6 dong chay khi qua ba cu tric TPMS rdng tién tién (P, G, D) dudi dang 3 chiéu bang phuong
phép Lattice Boltzmann (LBM). Méi quan hé dinh lwong giita tham sé hinh hoc ¢, d6 rdng pva
hé s6 tham khong thir nguyén K*, va cac dic trung khac di duoc thiét 1ap. Két qua khang dinh
c4u tric Primitive ludn cho kha nang thdm khi cao nhat & cung dé rdng nho duong dan thing
truc tiép, trong khi Gyroid va Diamond cho hé sé tham thap hon do d6 rdi cao cua cac kénh dan
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x0an. Tuy nhién khi kich thuéc phan ti tré nén Ién hon thi mit cong tron dang Gyroid 6 nhiéu
vu diém. Nghién ctu nay cung cép co so dit liéu khoa hoc quan trong cho viéc thiét ké vo bao
cdng trinh thdng gio tu nhién théng minh st dung vat liéu kién tric théng minh st dung cong
nghé in 3D. Hudng phat trién tiép theo I tién hanh thuc nghiém do dac d6 thim khi trén cac
mau ché tao thuc té dé kiém chitng mé hinh sb.
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