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TOM TAT

Cong nghé trinh sat anh nhiét da va dang duoc khai thac rong rdi va hiéu qua trong linh vuc
qudn sy phuc vu trinh sdt, tim kiém va bdt bam cdc doi twong, ... Pdy la van dé nghién ciru thii vi
nhing phire tap do ddu hiéu nhiét ciia bat ky muc tiéu nao ciing rdt khé dé che gidu va rat dé bi
phat hién béi cdc thiét bi trinh sat anh nhiét. Cdc tam phii nguy trang anh nhiét dwoc nghién citu
phat trién nham muc dich han ché sw phat hién cua thiét bi anh nhiét bdng cach han ché t6i da
ddu hiéu nhiét ciia muc tiéu. T am phii da 16p (MTS, Multi- -layered Textile Structures) duoc dé xudt
dua trén viéc chong xép cac [0p vt li¢u khac nhau, két hop va toi wu cdc ddc tinh ciia cdc vit liéu
riéng lé nham tao ra mot tam vit liéu da I6p co hiéu qua nguy trang anh nhiét. Bai bao phan tich,
tong hop cdc cong trinh nghién ciru vé nhiing tién bé trong ché tao vit liéu da [dp ing dung trong
nguy trang anh nhiét, lam co s¢ dinh huéng nghién ciru, phwong phdp thiét ké, toi wu va ché tao
thir nghiém tam phii nguy trang dnh nhiét da Ip tai Viét Nam.

Tiwr khoa: Nguy trang anh nhiét; H¢ vat liéu da lop; HE sb phat xa; Muc tiéu; Phong nén; Siéu vat liéu.
1. MO PAU

Nguy trang 1a mét Iinh vuce xuét hién tir ¢d xua, xuét phat tir dAu tranh sinh ton gilra cac loai
trong ty nhién trong d6 c6 ca con nguoi. Trong ty nhién, muc dich chinh cta nguy trang 1a nham
hoa tron muc tiéu voi moi truong xung quanh dé tranh sy phat hién cta dbi phuong, phuc vu cac
muc dich tin cong hay ty vé. Trong sy phat trién cia vin minh nhan loai, nguy trang ngay cang
tro thanh mot linh vuc quan trong, dic biét, thuong xuyén duoc str dung trong cac cudc chién
tranh, xung dot tir c6 dai dén ngay nay. Su phat trién ctia khoa hoc cong nghé quéan sy néi chung
va linh vire quang dién tir noi riéng kéo theo sy phat trién cua linh vuc phong chéng quang hoc,
quang dién t& ma trong d6 c6 linh vuc nguy trang quang hoc.

- Phan xa Phatxa—
VIS | NIR M
0.4um  0.7um 1.4um 3um sum 14um

Hinh 1. Nhitng ddi birc xa dién tir chii yéu lién quan dén nguy trang.

Giai doan dau tién, khi cac thong tin quang hoc dugc xir Iy chi bang mit ngudi trong ving anh
sang nhin thiy (VIS), nguy trang dugc thyuc hién bang cac cach thirc che phu, t6 v& phu hop voi
moi truong xung quanh v€ mau sic, d6 bong va két cau nham danh lira thi giac cua ddi phuong.
Vi su phat trién ciia cong nghé cam bién, bén canh théng tin quang hoc ving 4nh sang nhin thiy,
moét loat thong tin quang hoc cdc ving anh sang khac duge con ngudi thu nhan dé khai thac st
dung nhu ving hdng ngoai gan (NIR), hdng ngoai budc song ngan (SWIR), bude song trung
(MWIR), buéc song dai (LWIR). Mdi ving bude song quang hoc d6 déu c¢6 nhitng dic trung cong
nghé riéng doi hoi phuong thirc nguy trang phi hop, hinh 1. Déi voi ving MWIR va LWIR, thong
tin quang hoc thu dugc 1a bic xa nhiét tu dbi tuwong phat ra, do do, cac thiét bi thu hinh anh hoat
dong & ving budc song nay duoc goi 1a anh nhiét va nguy trang chdng lai cac thiét bi anh nhiét
g0i chung 1a nguy trang anh nhiét [1-3].
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Mot cach khai quét chung, thiét bi anh nhiét hoat dong dua trén nguyén ly thu vé burc xa nhiét
muc ti€u phat ra, bién d6i thanh tin hiéu dién va hién thi mot treong nhiét d6 gia trén man hinh,
cho phép chung ta c6 thé quan sat hinh anh nhiét ciia ddi twong ca ngay 1an dém [3-5]. Nhu vay,
nguy trang anh nhiét 1a giai quyét bai toan triét tiéu hodc giam thiéu ddu hiéu nhiét cta d6i tuong,
6 nghia 13 1am giam thiéu su tvong phan nhiét (chénh léch nhlet dd) gitra muc tiéu va phong nen
hay noéi cach khac 1a diéu chinh birc xa nhiét cia muc tiéu giéng hodc twong tu véi phong nén.
Trén co s nguyén 1y hoat dong cua thiét bi anh nhiét va dinh luat Stefan-Boltzmann, diu hiéu
nhiét cua d6i tuong Q=¢-0-T *1a mot ham sb cua nhiét d6 bé mat T va hé sb phat xa € cia muc
tiéu [7, 8]. Tir d6, c6 hai chién luoc co ban dé c6 thé nguy trang anh nhiét 1a: thay ddi nhiét d6 cuc
b6 T cua ddi tuong hodc thay d6i hé sb phat xa cuc bd € ciia myc ti€u [7-10]. Theo hai chién luoc
nay, nguyén 1y nguy trang anh nhiét tuong tng lan luot duoc goi 1a k¥ thut nguy trang dan nhiét
va k¥ thuat nguy trang phat xa nhiét [11-18]. Tt do, cac giai phap nguy trang anh nhiét duogc xay
dung trén co sé xoay quanh cac giai phap cong nghé tao ra vat lidu co hé sb phat xa thip va kha
ning cach nhiét, che chin, hip thu birc xa nhiét (nham giam cuong d6 birc xa tir myc tiéu) dé dat
duogc hi¢u qua nguy trang anh nhiét, cu thé 1a:

Giai phap vé cong nghé ché tao vat lidu dé tao ra cac vat liéu nguy trang c6 hé sb phat xa phu
hop voi hé sb phat xa cuia phong nén [10, 19]. Lop phu c6 d6 phat xa thap toan dai hong ngoai (tir
MWIR dén LWIR) da duogc su dung pho bién cho nguy trang anh nhiét trong nhiéu nam [20]. Tuy
nhién, cach tiép can nay lai gap phai van dé 1a d6 phat xa thip trong dai tir 5 um dén 8 um can tro
dang ké hiéu qua 1am mat birc xa cua ddi twong, diéu nay c6 thé 1am ting nhiét do va han ché 1on
hiéu qua nguy trang anh nhiét. Do do, 16p phu nguy trang anh nhiét hiéu suét cao doi hoi d6 chon
loc quang pho thuén loi, tirc 1a d6 phat xa cao trong cac dai cira s0 phi khi quyén dé 1am mat bang
buc xa [21] va do phat xa thap trong cac dai cira s6 khi quyén dé nguy trang anh nhiét [22].

Giai phap hé vat liéu da 16p sir dung nhiéu 16p vat liéu c6 dic tinh khac nhau, xep chéng lan
1én nhau nham két hop cac dic tinh cta cac 16p vat liéu riéng 1é tao thanh dic tinh cta tAm vat heu
da 16p [10]. Gan day, mang mong nhiéu 16p sir dung cac vat lidu tién tién, siéu vat liéu,... di xuat
hién c6 kha ning diéu chinh hiéu qua cac dac tinh bire xa cua vat liéu [23-29]. Giai phap nay mang
lai vat liéu nguy trang vira c6 hé sd phat xa thap, vira co cac co ché truyén dan nhiét tao hiéu qua
ngan chan burc xa nhiét ciia myc ti€u, mang lai hiéu qua nguy trang anh nhiét [29-30].

Dbi vai giai phap hé vat liéu da 16p, trén thé gidi da co kha nhidu nghién ctru dugc cong bd,
tuy nhién, phan 16n cac nghién ctru duge xay dung trén mé hinh mang mong da 16p véi quy mo
nho, quy mé phong thi nghiém va dugc mé hinh hoa dudi dang cac mé hinh toan hoc cu thé cho
ting Gng dung riéng biét. Cac nghién ctru nay hién van chua thé ap dung thuc t&. Mot sb it cac
nghién ctru da dugc xay dung trén bai toan nguy trang anh nhiét cho mot sé ddi twong mat dat,
nhung thiéu cac khao sat danh gia vé phan bd nhiét trén bé mat, khao sat niang luong phat xa cia
bé mit ma chi danh gia hiéu qua che chén nhiét thong qua nhiét do bé mat. Trong nudc, bude dau
da nghién ctru cu thé vé tim phu nguy trang da 16p & mire don gian 1a 4p dung mé hinh céu trac
da 16p va cac tam vat lidu san c6 [30]. Hon nita, viéc lva chon phuong an thiét ké tim phu da 16p
chi dwa trén két qua thir nghiém thyc dia ma chua dugc tinh toan, t6i wu mot cach khoa hoc, phuong
phap danh gia chwa ddy du [31]. Do d6, viéc nghién ciru c6 hé thdng vé tm phu nguy trang anh
nhiét da 16p dua trén luan chimg khoa hoc chit ch& két hop véi thir nghiém thyc té 1a can thiét.

Bai bao nghién ctru tong quan cac cong trinh nghién ciru trong va ngoai nudc vé nhimg tién bo
trong ché tao tim phu nguy trang anh nhiét da 16p, phan 2 tap trung lam 16 cdc nguyén ly va giai
phap vt liéu nguy trang anh nhiét co ban. Noi dung phén tich, danh gia vé cac nghién ciru da cong
b6 tap trung vao vat li¢u da 16p s€ duoc lam 16 trong phan 3, va phan 4 s& két luan vé cac van de
con ton tai, cAn nghién ctru giai quyét dé xay dung co so khoa hoc va 1am chi nghién ctru tim vét
liéu nguy trang anh nhiét da 16p ung dung trong nudc.

4 N.N. Son, ..., N. A. Tuin, “Mpt sé tién bé ... vit ligu da I6p nguy trang anh nhiét.”
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2. NGUYEN LY VA CAC GIAI PHAP VAT LIEU NGUY TRANG ANH NHIET CO BAN

Trong phan nay, nhom tic gia nghién ciru, tong hop cac nguyén 1y va cac giai phap vét liéu
nguy trang anh nhiét co ban da duoc cac hoc gia, cac chuyén gia nghién ctru, cong bd va tng dung.
Tu do, tap trung nghién clru, phén tich h¢ vat liéu da 16p ing dung trong nguy trang anh nhiét, cac
khai niém co ban trong co ché truyen nhiét va xac dinh hiéu qua che chan nhiét cia tam vat liéu,
1am co s& phan tich, thao luan ¢ phan 3.

2.1. Cac nguyén ly nguy trang anh nhiét

Nhin chung, c6 thé tong hop mot cach khai quat c6 ba nguyén 1y nguy trang anh nhiét chinh
theo ba cach tiép can d6 1a thiét ké dleu chinh nhiét d¢, l6p phu ngoai ¢ h¢ s6 phat xa thip va chu
dong thich nghi. Bén canh do, mot s6 phuong phap thiét ké ciing két hop cac nguyén ly néu trén
de€ nang cao hiéu qua nguy trang anh nhiét [32].

2.1.1. Piéu chinh nhiét d¢

Nguyen 1y nguy trang nay dua trén phuong phap diéu chinh nhiét do bang cach gitr nhiét do
clia bé mat ngoai ¢ muc tuong tu vo1 moi trudng xung quanh, dong thoi co hé s6 phat xa bé mat
tuong tw nhu hé sd phat xa cliia méi trudng xung quanh. Viéc kiém soat dong nhiét la van dé rat
quan trong trong cac thiét ké theo nguyén 1y nay dé ngin chan sy xuét hién cac diém nong hon
hodc ¢6 nhiét do bat thuong. Viéc diéu chinh nhiét d6 c6 kha nang dat dugc thong qua co ché 1am
mat nhén tao hodc lam noéng nhan tao cho 16p vat liéu ngoai cung, tuy nhién, diéu nay khong thyc
su hidu qua va kha thi. Trén thuc té, cac thiét ké nguy trang theo nguyén 1y nay tép trung vao viéc
cai thién kha nang cach nhiét cua vat liéu va tan dung t01 da co ché lam mat tw nhién, va han ché
céc phuong thirc truyén nhiét dién hinh. Qua trinh truyén nhiét qua tim vat liéu nguy trang thong
qua ba hinh thtc 1a din nhiét, d6i luu nhiét va phat xa nhiét [10, 32-34].
2.1.1.1. Dan nhiét

Dan nhiét 1a mot co ché truyén nhiét dién ra trong mot hé nhiét dong hoic giira cac hé co tiép
xuc nhiét. Pay 1a phuong thirc truyén nhiét, trong do, nang lugng duoc truyén tir phan (vi tri) co
nhiét d6 cao hon cua ddi tuong dén phan (vi tri) c6 nhiét do thap hon bang chuyén dong dong hoc
cua cac phén tir. Trong cac tam vat liéu nguy trang, qua trinh dan nhiét dién ra théng qua cac 16p
vat liéu c6 cau tric sgi voi cac sgi kim loai hay cac sgi ¢c6 khong khi bén trong cum soi.

Phuong trinh truyén dan nhiét dwoc Fourier xdy dung dua trén cac két qua thuc nghiém va két
qua da chimg minh rang, dong nhiét theo bit ky hudng nao déu ty 1& thuan vai gradient nhiét do
theo hudng d6. Hé sb ti 18 d6 dugc goi 1a do din nhiét ky hiéu 1a k. Dbi v6i cac vat lidu ddng nhat
va diang huéng, d6 dan nhiét trd thanh mot dai luong vo hudng voi gia tri khong d6i va dinh lut
Fourier xac dinh truyén dan nhiét Qcond c6 thé duoc viét 1a [33, 34]:

dT AT
Quona =—K- A&—k AT 1)
Trong d6, A,dT /dx,AT,L 1an luot 1a dién tich bé mat vat lidu vudng goc v6i hudng truyén
nhiét, gradient nhiét 9, nhiét d¢ chénh Iéch khi truyén qua 16p vét li¢u va chiéu day 16p vét ligu.
2.1.1.2. Déi luu nhiét
,D(”')i Iru 14 co ché truyén’nhi’ét gin lién VOl su van chuyén lghéi chat lru (thuong la chat khi,
chat 16ng). Tuy thude vao yéu t6 tao ra chuyén dong ma loai doi luu c6 thé dugce chia thanh: doi
luu tur do, hinh thanh khi dong chay 1a két qua cua gradient nhiét d6 va doi luu cudng birc duge
tao ra boi chénh 1€ch ap suat. Khi cac duong dong chay song song v6i nhau thi do la dong chay
tang, néu khong thi d6 1a dong chay roi. Dong truyén nhiét doi luu trong cac 16p vai ¢o thé khong
dang ke ngay ca truong hop vai co ti 1€ thé tich soi thap [10]. Vi vay, su truyén nhiét doi luu Q_,,,

cht yéu xay ra & bé mit vai va nd co thé duoc biéu thi bang dinh luat ddi luu nhiét dugc Newton
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cong bd nhu phuong trinh sau [10, 33, 34]:
Qconv = hconv A (Ts _Too) (2)

Trong d6, h,,, AT, va T, lan luot 1a hé s6 truyén nhiét ddi lwu, dién tich bé mat cua vat liéu

conv !
ma qua trinh truyén nhiét d6i luu xay ra, nhiét do bé mat vai va nhiét do khong khi xung quanh.
Bén canh d6, h€ so truyén nhiét d6i luu bao gom tat ca cac y€u to ma sy truyén nhiét phu thudc
vao: tinh chat ctia chat luu, hinh dang bé mét va loai dong chay.
2.1.1.3. Burc xa nhiét

Co ché truyén nhiét birc xa dua trén song dién tir. Mot hé nhiét dong c6 nhiét do trén d6 khong
tuyét doi s€ phat ra btic xa nhiét. Mo6i quan h¢ gitra nang lugng biic xa cuc dai dugc phat xa ra tur
mot bé mat c6 dién tich A ¢ nhiét @ T, duogc thé hién bang dinh luat Stefan-Boltzmann,
Qunitmax =0 - A-T,* . Khi bé mit d6 c6 hé sb phat xa la & duge bao boc bdi mot bé mit du 16n co
nhiét do T, , hai bé mit duoc ngin cach nhau boi khong khi thi bire xa nhiét duoc trao doi giira

hai bé mat dugc tinh theo cong thirc [33, 34].
Qrad &0 A (T surr) (3)
Trong d6, Q_,,T,o va ¢ lan luot 1a ning lwong birc xa trong mot don vi thoi gian trén mot don

vi dién tich, nhiét do, héng sb Stefan-Boltzmann va hé sb phat xa cua bé mat vat liéu.

rad !

2.1.2. Lép phii ¢6 hé s6 phat xa thip

Nguyén ly nay tap trung giai quyét nguy trang anh nhiét voi cac nguon nhiét téa nhiét 16n va
¢6 nhiét do cao bang cach tao ra 16p phu ngoai cting ¢6 hé s6 phat xa thap [32]. Cach tiép can nay
kha don gian dé co thé giai thich bat ky su chénh léch nhiét do nao giira vat thé va méi truong
bang cach thay ddi hé sé phat xa bé mat dén mirc c6 thé giai thich duoc sy khac biét vé nang luong
btrc xa. Tuy nhién, cach tiép can nay cling chira dung mot s6 van dé bat cap, do la cac bé mat cd
d6 phat xa thap thuong phan xa trong ving nhin thdy VIS va ving hong ngoai gan NIR, diéu nay
anh huong dén kha nang nguy trang & cac ving pho phi anh nhiét, ciing nhu kha nang phan xa cac
bilrc xa mat trdi vao ban ngay va cac buc xa vii tru vao ban dém.
2.1.3. Nguy trang chu dong thich nghi

Céc san pham nguy trang duoc tng dung hién nay phan 16n 1 nguy trang thu dong boi chiing
dugc nghién ciru, thiét ké dé nguy trang cho mot vai ddi twong trén mot vai phong nén nhat dinh.
Sy thay dbi cua didu kién khong gian va thoi gian 1am giam hodc mat di hiéu qua nguy trang cua
cac phuong phap nguy trang thu dong. Do d0, y tudong vé nguy trang chii dong co kha ning thich
nghi véi cac didu kién khong gian va thoi gian cho phép duy tri hiéu qua nguy trang mot cach lién
tuc, toan dién da c6 tir rat som, bat dau tir nhitng bo phim vién tudng cho dén cac cong trinh nghién
ctru dugc dau tr mot cach nghiém tuc va cac sang ché, san pham mau dugc cong bd [35, 36]. Nguy
trang chu dong thich nghl cho phep kha nang tang hinh bang cach diéu chinh chinh xac d6 phat xa
bé mit phu hop véi moi trudng hodc bét chude cac thude tinh ciia mot ddi twong hoan toan khac
theo thoi gian thyc. Trén thyuc té, dé thyc hién dugc kha ning chu dong thich nghi nay 1a mot bai
toan rat kho khin va phuec tap, doi hoi kha nang theo doi va thu nhén chinh xac cac tham sO cua
moi truong, kha nang diéu khién 1am mat hoic nong, thay d6i hé so phét xa hodc thay c’[01 mau sic
mot cach dong b6 va lién tyc. Diéu nay dat ra yéu cau v€ chi phi 16n va h¢ thong phan mém, phan
clng, ngudn nudi,... phirc tap, kho trién khai ing dung trén thyc té 0 giai doan hién nay. Nguyén
1y nguy trang thich nghl van dang 1a mot hudng nghién ctru phat trién v6i nhidu tiém ning.

2.2. Cac giai phap vat liéu nguy trang anh nhiét
Vit liéu nguy trang anh nhiét khong ngimg dugc nghién ctru phat triép theo cac nguyén ly nguy
trang anh nhi¢t véi su da dang veé chung loai va dugc timg dung cho nhieéu d6i tugng. C6 thé phan

6 N.N. Son, ..., N. A. Tuin, “Mpt sé tién bé ... vit ligu da I6p nguy trang anh nhiét.”
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chia thanh 3 nhom giai phap vat liéu nguy trang anh nhiét theo mirc do tir don gian dén phirc tap:
son va cac hat mau; hé¢ vat liéu da 16p va si€u vat li€éu Meta (metamaterials) [37].
2.2.1. Son va cac hat mau

Son nguy trang anh nhiét thuong bao gdm cac hat mau va chat két dinh tron 13n voi nhau va s&
duoc son phu 1én trén mt bé mat can dugc nguy trang. Cac hat mau c6 hinh dang va cau tao khac
nhau, vat liéu lam nén hat mau, kich thudc hat, hinh dang hat va chat két dinh 1a cac tham so rat
quan trong quyét dinh dén kha nang nguy trang anh nhiét cua 16p son [37, 38], hinh 2.

Cac'manh
dwgc ma phii,
E xep lop
L8 'g\/ﬂ A
L

.“‘ “’ ‘ ;v Hat mau ’:1

Cic khéi ciu

Tan xa Phit xa

A AL
A

Hat dwgc ma phu

........................... Chit
két dinh

; @ Hip thu Truyén qua ”‘
Cic khéi‘ cau

Minh Lop nén réong/ ma phu
Hinh 2. Thanh phan cau tao cua son nguy trang dnh nhiét va cdac hiéu vng quang hoc.

Ngoai sy hap thu bén trong 16p son va phan xa & cac ranh gidi bé mat, kich thude va hinh dang
clia cac hat mau anh huéng dén hiéu g quang hoc cua vat liéu théng qua tan xa nguoc, mot hién
tugng thuong dugc st dung trong thiét ké quang pho cta 16p phu chon loc quang phé VIS-NIR.
Su phat xa tir bé mat do tan xa ngugc s€ tang 1én néu ty sO gitra chiét sudt ciia cac hat mau va cia
chat két dinh tang 1én. Do d6, dé ¢ thé diéu chinh cac dic tinh cta son bang hon hop hat mau phu
hop, chét két dinh ciing phai c6 do hap thu thip nhét c6 thé trén toan by vung pho quan tam. Bén
canh do, chit két dinh ciing phai cung cip do bam dinh cho chat nén, bao vé cic sic td va bao toan
cac dic tinh hong ngoai ctia chung [38]. Mot sé son nguy trang anh nhiét tiéu biéu nhu bang 1.

Bing 1. Mt s6 son nguy trang anh nhiét tiéu biéu.

Son nguy trang anh nhiét/

A A Hé s6 phan xa  P§ bong H¢ s6 phat xa
nam cong bo

0,4 (MWIR
Hallberg et al [39] / 2005 Tuong duong i (MWIR)
mau Green 0,5 (LWIR)

Karlsson et al [40] / 2007 50-70% (NIR) - 0,2-0,3
Shen et al [41] / 2012 < 15% (VIS) - 0,51 -0,55

Son Intermat anti-thermal

cho bé mit kim loai [42] / - ) =3 0.4-06

Son Intermat anti-thermal i <5 0,45 0,65

cho bé mat phi kim [42] / -
2.2.2. Vit liéu da lop
Vit liéu dugc su dung trong tam vat lieu MTS tuong dbi da dang, mdi loai vat liéu s& dong vai
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tro cu thé trong hé vat lidu da 16p dé phat huy hiéu qua nguy trang anh nhiét cho tim phu. Vat lidu
cach nhiét truyén théng dudi dang vai sgi thay tinh, vai soi len, tAm xép cach nhiét EVA, vai lué6i
3D,... dugc sir dung nhu mot thanh phan khong thé thiéu trong tim phu da 16p MTS. Vai thuy tinh
c6 trang phil nhom trén mot mat hay ca hai mat ctua vai duoc sir dung dé 1am giam hé ) phat xa,
ngin chin birc xa nhiét va din nhiét. Vii nylon trang thity tinh c6 dic tinh phan xa khac nhau phu
hop voi nguy trang ngdy va nguy trang ving hdng ngoai gan. Mot s6 loai vai thuy tinh trang nhiéu
16p dugc st dung nhu: trang nhom mot mat hodc hai mat, trang mot mat nhom va mat con lai dugc
trang mau xanh 6 liu, ndu xam hay mau vang cat,.. . tily theo mau sic chu dao cia phong nén can
st dung. Bén canh d6, vai len c6 déc tinh cach nhiét tét, chong chay va on dinh ciing duoc st dung
trong vat liéu da 16p dé giai quyét yéu cau vé cach nhiét cho tim phu [10, 30]. Ngoai ra, mot s6
vat liéu tién tién nhu siéu vat liéu, vat liéu chon loc quang pho, vat liéu hap thu cao,... cling dugc
xem xé&t va nghién ctru [20-29]. Trong khi viéc nghién ctru cac ddc tinh riéng 1é cia céc vat li€u
dang duoc trién khai thi song song véi o, viéc nghién cuu cac hé vat liéu da lép nham giai quyét
cac van dé phuc tap rna mot vat liéu don 1é khé c6 thé giai quyét ciing dién ra rat s6i dong [10, 20-
30]. Céc nghlen ctru vé vat lidu da 16p img dung trong nguy trang anh nhiét trong nhitng nim gan
day duogc téng hop & bang 2 sau day:

Bing 2. Cdc nghién civu vé vt liéu da 16p vmg dung trong nguy trang dnh nhiét.

Nguy trang Lammat  Nguy trang

VTéc ioyiﬁ/ < Céu t'r ue Sf; l(.i;p nhiét viing birc xa nhiét viing

Niim cong bo dalop  vatliéu MWIR viing 5-8um LWIR

Qi etal [24] / 2016 Co 8 Co Khéng Khéng
Deng et al [25] / 2022 Cé 6 Cé Khong Cé
Zhao et al [26] / 2019 Co 20/23 Khéng Co Co
Wang et al [27] / 2021 Co 12 Co Co Co
Yang et al [28] / 2021 Cé 4 Céo Co Co
Zhang et al [29] / 2023 Co 3 Co Co Co
Dev et al [10]/ 2020 Co 416 - - Co
V. Khéanh [30] / 2022 Cé 4 Cé - Co

2.2.3. Siéu vat licu Meta (metamaterials)

Siéu vat li¢u thuong duge mo ta la cac cAu trac nhan tao xuat hién dudi dang vat liéu & mot dai
tan s6 nao do, véi cac dic tinh dic biét khong thé tim the”iy trong ty nhién. Cac déac tinh nay thu
duoc tir cdu trac cua vat liéu thay vi tinh chét cua vat liéu. Nhitng ndm g?m day, siéu vat liéu Meta
dugc nghién ctru rat s6i dong trong cac ing dung nguy trang [43]. Nhin chung, cc siéu vat ligu
Meta trong nguy trang anh nhiét da duoc nghién ctru va cong bd déu c6 nhimg dic tinh rat dic
biét. Theo hai chién lugc co ban dé nguy trang anh nhiét da néu & phén m& dau, siéu vat liéu nhiét
két hop véi ki thuat thiét ké chon loc budc song da dat duge mot s6 hiéu qua nhét dinh vé nguy
trang anh nhiét. Sau do6, voi sy tac dong tir bén ngoai nhur kich thich dién thé, 4nh sang, stc cing,
hoéa hoc, lam uét, nhiét d9, ... tdi cac si€u vat li€u da tao ra cac hi¢u qua nguy trang thich nghi. Bén
canh d6, vat liéu chuyén pha cling la mét trong nhiing siéu vat heu ¢6 nhiéu tiém ning trong Ung
dung nguy trang. Céc siéu vt liéu hira hen kha nang tng dung rat 16n cho nguy trang da pho, nguy
trang chu dong thich nghi trong tuong lai. Mot s6 siéu vat liéu ndi bat nhu bang 3.

8 N.N. Son, ..., N. A. Tuin, “Mpt sé tién bé ... vit ligu da I6p nguy trang anh nhiét.”
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Bing 3. Cdc nghién citu vé siéu vit liéu Meta iing dung trong nguy trang anh nhiét.

Tac gia/ Nguyén .
. < ) Co ché hoat dong / vat liéu
Nam cong bo ly
Han et al [44] / 2014 Diéu khién va kiém soat nhiét trén siéu vat liéu nhiét
Yang et al [45] / 2015 N Diéu khién dong nhiét, dién qua 16p vat liéu siéu mong
Li et al [46] / 2018 311:; Tao a phin bd nhigt thy § trén b mt chu tric dfc bigt
Hu et al [47] /2018 nhidt d6 bicu khién nhiét d6 trén vat li€u co6 cau tric 2D
Sha et al [48] / 2020 "7 Piéu khién nhiét do trén vat liéu ciu trac 3D
Zhang et al [49] / 2021 Dian nhiét dong bo theo thoi gian giira vat liéu va nén

Zhang etal [50] /2017 Lép phu  Siéu bé mit metasurface phét xa thap
Peng et al [51] / 2018 co T4m vat liéu siéu mong phat xa thap
Zhu et al [52] / 2020 hé s6  Vat liéu chon loc quang phd
Kimetal [53] /2019  phatxa Siéu vat liéu phan cép c6 thé didu khién tin hiéu da phd
Pan et al [54] / 2020 thap Céu trac tinh thé quang tir, giao thoa mang mong

Coppens et al [55] / 2017 Siéu vat liéu c6 kha ning diéu bién bang tia cuc tim
Salihigluetal [56]/2018  Nguy  Vat li¢u c6 kha ning diéu bién dién tir st dung graphene
Duan et al [57]/ 2020 trang  Diéu khién sy chuyén pha cia vat liéu VO,

Qu et al [58] /2018 chu Vit lidu thay d6i pha GST (GezSb,Tes)
Xu et al [59] / 2018 dong  Vat lidu chuyén sinh hoc
Li et al [60] / 2020 Két ndi cac dic tinh quang hoc ctia mang nano kim loai

3. PHAN TiCH, THAO LUAN

Trong phan 3, nhom tac gia tap trung phén tich, thao luan hiéu qua nguy trang anh nhiét cua
cac vat liéu nguy trang anh nhiét da dugc nghlen ctru, che tao va cong bd, trong d6 tap trung vao
cac tdm phu MTS04, MTS06 cua nude ngoai [10] va tAm phu nguy trang anh nhiét trong nudce
[30]. Ttr do, dua ra mot s6 nhan dinh vé xu hudng phét trién va dit ra cic van dé can tiép tuc
nghién ciru, giai quyét.

Trude hét, son nguy trang anh nhiét 1a vat liéu c6 do phirc tap thip nhét so véi vat liéu da 16p
va siéu vat liéu. Son nguy trang anh nhiét c6 nhiéu vu diém trong (mg dung, béi son 1a cong nghé
co ban, truyén thong va d trién khai trén dbi twong dé quan 1y déu 16 cua ddi twong. Trude khi
son nguy trang anh nhiét dugc ap dung thi son nguy vung VIS va NIR ciing da duoc ap dung.
Ngoai ra, son con c6 tac dyng bao vé bé mit cta dbi twgng trude cac tic nhan pha hoai cia moi
truong. Bén canh do, xét vé chi phi thi son la vat li€u kha ré, va co thé duogc thay thé, 1am mai dé
dang. Tuy nhién, han ché ctia son nguy trang anh nhiét 1a khi két hop véi cac hat mau va chét két
dinh trong mot hé théng hoan chinh, cic dic tinh cua cac thanh phan tao ra cac hiéu Gmg quang
hoc bi suy giam. Cac hat mau va chat két dinh c6 hé s6 phat xa cao, do do, cac h¢ thong son kho
¢6 thé nguy trang hiéu qua trong ving phd rong hay nguy trang da phd. Mot sb loai son nguy trang
anh nhiét hién nay str dung cic hat mau dang vay dugc ma pha boi kim loai tiéu biéu 1a nhom to
ra ¢6 hiéu qua. Tuy nhién, d6 bam dinh cao, d6 phan xa cao trong vung VIS va xu huéng hinh
thanh céac 16p pha din dién tao hiéu qua nguy trang ra da,... 1a nhiing van dé can giai quyet

Siéu vat ligu Meta dugc nghién ctru mot cach s6i dong va chirng minh dugc mot s6 hiéu qua
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nhét dinh trong nguy trang anh nhiét, va thdm chi 1a nguy trang da phd boi nhimg dic tinh rat dac
biét dugc tao ra tir cac cau truc dac biét va co do phirc tap nhét cua cac hé vat lidu. Tuy nhién, co
thé thy rang cac két ‘qua nghién ctru cua siéu vat liéu dang 6 dang m6 hinh va phong thi nghiém,
chua c6 tng dung trién khai trén thuc té boi quy mo, chi phi, d6 phuc tap va tinh kha thi trong thyc
tién. Hién nay, viéc ap dung cac siéu vat liéu voi mét so vat liéu nano tién tién dang mé ra nhiéu
htra hen va trién vong trong nguy trang anh nhiét.

So véi son va si€u vat liéu Meta, vat liéu da 16p 1a nhom vat liéu c6 do phue tap vira phai. Co
thé thdy uu diém 16n nhat cia vat liéu dalop la két hop duogc cac dic trung (c6 thé 1a cac uu dlem)
cua cac vat licu don 1€ tao nén mot t6 hop vat liéu co cac dic tinh khac nhau, da dang va glal quyet
dugc cac van de kho khan trong nguy trang anh nhiét ma mét vat liéu don 1¢ khong thé giai quyét
duoc. Van dé cbt 161 ¢ day la két hop dugc vat liéu c6 hé ) phat xa thap véi vat liéu c6 kha nang
cch nhiét, 1am cho tAm phu c6 hiéu quéa nguy trang anh nhiét. Tuong tu véi son, vét li¢u da 16p
cling duoc tmg dung rong rii trong nguy trang anh nhiét, mot sb trudng hop thi son va vit liéu da
16p duoc két hop v6i nhau dé 1am tang hidu qua nguy trang anh nhiét cho di tugng.

bdi véi cach tiép can sur dung cac vat liéu phé bién dang vai dét, vai sgi két hop v6i cong nghé
phu mang kim loai (nhom, hodc nhimg kim loai khac,...) va cac vét liéu cach nhiét, cac nghién ctru
cling da chi ra rang tam phu nguy trang MTS ¢6 hiéu qua nguy trang nhiét ma cu thé 1a hiéu qua
che chan nhiét tot. Mot cach cam tinh c6 thé suy luan rang, s6 16p vat liéu cang nhiéu Ién thi hiéu
qua che chin nhiét cang tét, va didu nay di dugc 1am sang t6 trong cac thir nghiém dua trén viée
tinh toan hiéu quéa che chin nhiét [10, 30]. Tuy nhién, sb 16p vat liéu cang nhiéu kéo theo kich
thudc, khdi luong tAm phu ting dan va chi phi cao, dong thoi lam tinh kha thi trong (g dung thap.
Nhu véy, nghién ciru dé két hop cac vat lidu cach nhiét truyén thong va ap dung cac vt liéu moi,
vat liéu tién tién c6 hé s6 phat xa thip, co kha ning chon loc phd, ¢6 hé s6 hap thu cao,... tao ra
tam phu da 16p c6 nhiéu tinh nang wu viét hon, hiéu qua nguy trang nhiét cao hon c6 tlnh kha thi
cao duya trén cac két qua nghién ciru ma thé gidi va trong nude da cong bé.

Vé tdm phu da 16p trong nude nghién ctru, co thé thay cach tiép can 1a phit hop. Tuy nhién, ¢
thé thay tAm vat liéu cach nhiét st dung vai ludi 3D (16p thir 2) c6 d6 day 15 mm [30] la qua 16n,
lam cho kh01 lwong cua tim phu ting Ién va kha nang co dong, gép gon bi han ché. Do do6, can
nghién ctru t6i wu ca chidu day cua cac tim vat liéu dé dat duoc cau trac toi uu nhat.

Khi tam phii da 16p MTS phit 1én ddi twong can duge nguy trang anh nhiét, tim phit MTS chiu
burc xa nhiét tir d6i twong chiéu tdi tao ra nhidu hién tuong vat 1y xay ra dong thoi bén trong tim
phu: phan xa nhiét gitra cac bé mat cac tAm vat liéu, hép thu nhiét trén cac tAm vat liéu, phﬁn khong
khi bj ket & giita cac tim vat liéu 1am ting t6n tht dan nhiét, va buc xa nhiét, dbi lru & 16p vt liu
ngoai cung. Nhiing hién tuong nay la nguyén nhan gay ra ton that ddi voi nang lugng nhiét phat
ra tir muc tiéu va truyén toi tim phu bao gom t6n thit cua phat xa nhiét, dan nhiét va dbi luu nhiét.
Phan ning luong con lai dugce truyén qua tim pha MTS, diéu nay tao ra hiéu qua che chén nhiét
tir d6i tugng cua tam phi MTS. Hiéu qua nguy trang anh nhiét cua tam phu MTS thuong dugc
danh gia thong qua hi€u qua che chan nhiét cia tim _phu, dugc thyc hién bang mo phong va thuc
nghiém trén co sé sir dung tdm gia nhiét (c6 thé thiét 1ap dé thay d6i nhiét do), tim phu MTS va
thiét bi anh nhiét véi so d6 thr nghiém nhu hinh 3. TAm gia nhiét duoc thiét 1ap ¢ nhiét do da 1on
va cao hon nhiét do ctia méi truong. DE tinh toan hidu qua nguy trang nhiét ciia tm phi, stir dung
khai niém hi¢u qua che chén nhiét T, (%) cua tam vat liéu, theo cong thirc sau [10]:

T, (%) = Tre = Turs %100 (4)
TG BG

Trong d6, Tyg,Tae, Tyrs 180 lugt 1 nhiét d§ ctia tAm gia nhiét, nhiét do moi truong xung quanh

va nhiét 46 bé mit ngoai cung cua tAm vat liéu da l6p MTS.

10 N.N. Son, ..., N. A. Tuin, “Mpt sé tién bé ... vit ligu da I6p nguy trang anh nhiét.”
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<— Thiét bi 4nh nhiét

TAm vat liéu
_~ MTS

g T4m gia nhiét

Hinh 3. So do b6 tri thir nghiém xdc dinh hiéu qud che chdn nhiét ciia tam phii nguy trang.

Trong pham vi bai béo, nhoém tac gia tong hop 03 tim phu nguy trang anh nhiét tiéu biéu dé
nghién ctru phan tich. Cu thé, tim phu nguy trang 4 16p MTS04, 6 16p MTS06 dugc nhom nghién
ctru ctia An Do cong bd [10] (hinh 4) va tim phu nguy trang anh nhiét 4 16p do trong nudc nghién
ctru [30] (hinh 5). Céc 16p vat liéu dugce danh so thur tw tir 1, 2,... theo tht ty tir bén trong (gan d6i
tugng) ra bén ngoai (bé mat tiép glap khong khi va moéi truorng)

Val lon mang PVC duoc c,e'F 1én dang

- Khoni khi

Khong khi
Vai len I
=« Khongkhi = P

— = Phu
—_—

Khong khi

& Khong khi

of wmmme
AYAN A

b. Tam phit MTS06. c. So dé cdu triic trao doi nhiét cia tam phii 6 16p MTS06.

Hinh 4. Hinh dnh cdc tam vit liéu 4 16p va 6 I6p va so do cdu triic trao doi nhiét
ciia tdm vdt liéu 6 16p MTS06.

Tam phu da 16p ctia An Do duoc thiét ké dang 4 16p va 6 16p trén co so két hop giita cac tim
vat liéu riéng 1é khac nhau, tiéu biéu 1 cac tAm vt liéu co hé s6 phat xa thip dugc phit mang nhom
& chc mit, va cac tAm vat liéu cach nhiét [10]. Bang 4 néu chi tiét vé cac 16p phu trén tAm vat liéu
¢6 4 16p MTS04 (gdm cac 16p 1, 2, 5 va 6) va 6 16p MTS06 (gdm cac 16p tir 1 dén 6) [10]. So voi
tam vat liéu 4 16p MTS04, tim vat liéu 6 16p MTS06 c6 bd sung thém 2 16p 1a 16p tha 3 (vai soi
thay tinh pht mang nhoém ca 2 mét) va 1op thu 4 (vai len mau xanh 6 liu).
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Bing 4. Cdu triic cia tam vit liéu 4 16p MTS04 va 6 16p MTS06.

Cac 16p vat lidu ciia tim vt liéu 4 16p MTS04

Do day Dinh lwgng

STT va tAm vat lidu 6 16p MTS06 (mm) (g/m?)
1  Vai soi thuy tinh phtt mang nhém ca 2 mat: Al/Al 0,44 550
2 Tam xdp EVA 3,18 240
3 Vai soi thiy tinh phu mang nhom ca 2 mat: Al/Al 0,44 550
4 Vai len mau xanh 6 liu 1,22 400

Vai sgi thiy tinh, mgt mat phii mang nhom, mot mét phu 0,46 600
5  mau xanh 6 liu (OG), hodc nau xam (DB) hodc mau vang

cat: Al/OG hodc Al/DB hodc Al/vang cat
6  Vainylon pha mang PVC dugc cit, dap bién dang 15 0,25 175

Trong nuédc, nhom tac gia V. H. Khanh [30] da dé xut va phat trién tim phu nguy trang dnh
nhiét cho xe co gidi co két cau 4 16p duge md ta nhu hinh 5 va chi tiét cac 16p & bang 5.

a. Hinh anh bé ngodi tam phii.

Lép ma mang

Lop cach nhiét
-
Poi luuTi
Phan xa \

Phia Trong

nhém Cong nghé m

Lép ngoai cung
(hé so burc xa tuong
duong moi truong)

Paoi luu

Burc xa
Truyeén qua

Phia Ngoai

b. So do cau truc cua tam phu.

Hinh 5. Hinh danh va so' do cdu triic ciia tam vt liéu nguy trang dnh nhiét trong nuée [30].

Bing 5. Cau triic ciia tam phii nguy trang anh nhiét cia dé tai V. H. Khanh [30].

b6 day Dinh lugng

STT Cac lop vat liéu ciia tam phi nguy trang anh nhiét (mm) (g/m?)
1  Vai soi thay tinh phu mang nhdm 1 mat: Al 0,19 212
2 Vailué6i3D 15 685
3 Vai soi thuy tinh phtt mang nhom 1 mat: Al 0,19 212
4 Vai PVC (c6 luéi gia cuong) in mau loang (Xanh 14 gia, 0,18 290

Xanh 14 non, Pen, Nau dit.. .) duoc cit, dap bién dang 16

C6 thé thay rang, nhom V. H. Khanh [30] da két hop cac vat liéu c6 sin v6i ching loai cac tAm
vat lidu tuong tu v4i cau tric ctia tim phu MTS04 [10]. Tuy nhién, diém khac biét 1a cac tim vai
soi thay tinh chi dugc phii nhém trén mot mit, tim vai ludi 3D kha day (15 mm) va ning (685
g/m?). Ngoai ra, dé danh gia hiéu qua nguy trang anh nhiét ctia tim phu, khai niém hiéu qua che

12
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chan nhiét [10] dugc dwa ra & cong thirc (4) c6 thé chua phu hop béi, theo phuong trinh Stefan-
Boltzmann va cong thirc (3), d0 tuong phan nhiét cia dbi tuong khong chi phy thudc vao nhiét do
cua ddi twong ma con phu thudc vao hé sb phat xa bé mit. Nhu vay, hiéu qua nguy trang nhiét can
dugce xem xét & goc do suy giam nang luong birc xa ciia ddi twong chtr khong chi danh gia trén
yéu t6 1am suy giam nhiét do bé mat d6i tugng.

4. KET LUAN

Bai bao di nghién ctru tong quan vé nhing tién bo trong ché tao vat liéu nguy trang anh nhiét
gdm son, cac vit lidu da 16p va siéu vat liéu Meta. Thong qua danh gia uvu nhugc diém cta cac vat
liéu va danh gia méot sb vat liéu nguy trang da lop da dugc tng dung, bai bdo da lam sang to dugc:

- Siéu vt lidu Meta c6 tiém ning Gmg dung 16n trong nguy trang anh nhiét.

- Giai phap vat liéu da 16p cho ngyy trang anh nhiét 1a giai phap c6 nhiéu wu diém trong thiét
ké va tng dung hién nay nham giai quyet bai toan nguy trang anh nhiét cho cac ddi tuong khac
nhau, dic biét 1a cac ddi tuong mat dét co dic tinh téa nhiét 16n, ¢6 kich thude 1on.

- Vat lidu da 16p két hop dugc nhiéu dic tinh ciia nhiéu 16p vat liéu khac nhau, trong dé, két
hop dugc cac vat liéu cé hé so phat xa thap va cac vat li€u c6 kha nang cach nhiét.

- Mot s6 nghién clru trong nude bude dau da tiép can giai phap vt liéu da l6p bang viéc két
hop cac vat li¢u san c6. Tuy nhién, do chua dugc nghién ctru c6 tinh hé thong, khoa hoc, chi dya
trén kinh nghiém va thuc nghiém nén san pham c6 kich thudc cong kénh va tinh tng dung thap.

Tir cac két qua do dit ra cic van dé nghién ctru can giai quyét, lam rd nhu sau:

- Nghién ciru, khao sat phan bd nhiét, ning luong phat xa bé mit tam phu da lop, két hop véi
khao sat ddc trung nhiét do, nang luong phat xa ciia mot s6 phong nén cu thé dua trén cac trang
thiét bi chuyén dung nhu méay do pho tir xa SR-5000N.

- Nghién ciru tdi wu vé thiét ké, s6 16p vat lidu, o day cac 16p vat liéu dya trén cac mo hinh
toan hoc, cac phan mém hay chuorng trinh mo6 phong,... lam co so toi vu tinh nang san pham.

- Nghién ctru xay dyng mot s6 phuong phap danh gia trén co so ly thuyét va théng qua thuc
nghiém dé danh gia hidu qua nguy trang cua tim phil nguy trang anh nhiét da 16p.

- Tién t&i xay dyung co s& 1y thuyét c6 tinh khoa hoc, tin ciy nham lam cha nghién ciru, thiét ké
va ché tao tam phu nguy trang anh nhiét ing dung trong quén doi.

Loi cdm on: Nhom tac gia trdn trong cam on s hé tro vé trang thiét bi thi nghiém cua Vién Vat ly Ky
thudt/Vién Khoa hoc va Cong nghé quan su.

TAI LIEU THAM KHAO

[1]. N. T. CAm, “Nguy trang nghi trang trong phong chong trinh sat quang dién tr,” Gido trinh dao tao
NCS, NXB Quén d¢i Nhan dan (2023).

[2]. V. R. Rao, “Introduction to Camouflage and Deception,” Defence Research & Development
Organisation, Ministry of Defence, New Delhi-110 011, 21-24 (1999).

[3]. A. Roglski, “Infrared Detectors, An Overview, ” Inf. Phys. Technol. 43, tr. 187-210, (2002).

[4]. D. Peric et al, “Thermal Imager Range: Predictions, Expectations and Reality,” Sensor, 19(15),
3313, (2019).

[5]. J. Berela, M. Kastek, “Measurement and Analysis of the Parameters of Modern Long-Range Thermal
Imaging Cameras,” Sensor 17, 5700, (2021).

[6]. F.B. Olsen, “Methods for evaluating thermal camouflage,” A FFI Report No. RTO-MPSCI-145, (2005).

[7]. C. Plesa et al, “The use of infrared radiation for thermal signatures determination of ground targets,”
Rom. J. Phys. 51, pp.63-72, (2006).

[8]. J.G.Hixon etal, “Target detection cycle criteria when using the target task metric,” SPIE 5612 (2004), pp. 275-276.

[9]. G. C. Holst, “Common Sense Approach to Thermal Imaging,” JCD and SPIE Pub., pp. 265-290, (2000).

[10]. O. Dev et al, “Multi-layered textile structure for thermal signature suppression of ground based
targets,” Inf. Phys. Technol. 105, 103175, (2020).

Tap chi Nghién ciru KH&CN qudn su, 97 (2024), 3-15 13



Téng quan

[11]. Hexels, “Thermal Camouflage Sheet,” US Patent 7244684 B2, (2007).

[12]. Hellwig et al, “Thermal Camouflage Tarpaulin,” US Patent 7148161 B2, (2006).

[13]. Cox et al, “Infrared Camouflage Covering,” US Patent 6127007, (2000).

[14]. G. D. Culler et al, “Infrared reflective coverings,” US Patent 5750242, (1998).

[15]. V. Rubeziene et al, “Reduction of thermal signature using fabrics with conductive additives,” Mater.
Sci. (Medziagotyra) 19, pp.409-414, (2013).

[16]. C. Oahman, “Emittance Measurement using AGEMA E-Box,” Technical Report, AGEMA, (1999).

[17]. Z. S. Abdel- Rehim et al, “Textile fabrics as thermal insulators,” AUTEX Res. J.6, pp.148-161, (2006).

[18]. M. Matusiak, “Investigation of the thermal insulation properties of multilayer textiles,” J. Fibres Text.
East. Eur. 14, pp.98-102, (2006).

[19].N. N. Son et al, “A high-accuracy measurement method of surface emissivity using a
spectroradiometer SR-5000N, ” Proc. of 8" CASEAN, 28-30 August, Vinh, pp.674-681, (2023).

[20]. P. Ding et al, “Multilayer graphene-based radiation modulator for adaptive infrared camouflage with
thermal management,” J. Phys. D Appl. Phys., 55, 345103, (2022).

[21]. Q.Kangetal, “Tunable thermal camouflage based on GST plasmonic metamaterial”’, Nanomaterials 2021, 11, 260.

[22]. Y.J. Huang et al, “Broadband metamaterial as an “Invisible” radiative cooling coat,” Opt. Commun.,
407, 204-207, (2018).

[23]. A. Ali et al, “A review from the perspectives of materials, mechanisms and advanced metadevices,”
Nanomaterials, 12, 1027, (2022).

[24]. D. Qi et al, “Design and characterization of one-dimensional photonic crystals based on ZnS/Ge for
infrared-visible compatible stealth applications,” Opt. Mater., 62, 52-56, (2016).

[25]. Z. Deng et al, *“ Nanostructured Ge/ZnS films for multispectral camouflage with low visibility and low
thermal emission,” ACS Appl. Nano Mater., 5, 5119-5127, (2022).

[26]. Z. Zhao et al, “Selectively thermal radiation control in long-wavelength infrared with broadband all-
dielectric absorber,” Opt. Express, 27, 35088-35095, (2019).

[27]. L. Wang et al, “Combined multi-band infrared camouflage and thermal management via a simple
multilayer structure design,” Opt. Lett., 46, 5224-5227, (2021).

[28].M. Yang et al, “Infrared and Terahertz compatible absorber based on multilayer film,” Front.
Phys., 9, 633971, (2021).

[29]. L. Zhang et al, “Three-Layered Thin Films for Simultaneous Infrared Camouflage and Radiative
Cooling,” MDPI, Materials, 16, 4188, (2023).

[30]. V. H. Khanh, “Nghién ciru phwong phdp va phirong tién dé xdy dyng co so dit liéu phuc vu cong tac nguy
trang phong chong cdc phirong tién trinh sdt anh,” Bao cao tong két dé tai cip Vién KH-CN quan su (2022).

[31]. N. N. Son et al, “M¢gt phwong phdp thiét ké hoa tiét nguy trang hoa trén véi phong nén”, Tap chi
Nghién ciru KH&CN quén su, 92, tr. 121-129, (2023).

[32]. M. C. Hall, “Thermal Signature Management,” Master thesis (2017), North Carolina State University.

[33]. G. Song, “Modeling thermal protection outfits for fire exposures,” PhD thesis, N. Carolina State
University, (2002).

[34].Y. A. Cengel et al, “Heat and mass transfer- fundamentals and applications,” NXB McGraw Hill
Education, tr. 144-153, (2015).

[35]. N. T. Lam “Nghién ciru cong nghé nguy trang thich nghi va dé xudt gidi phap cong nghé img dung
cho mét s6 doi twong qudn sw,” Béo cio tong két dé tai cip Vién Vat Iy K§ thuat (2023).

[36]. https://www.baesystems.com/en/feature/adativ-cloak-of-invisibility. Truy cap ngay 11/4/2024.

[37]. K. Andersson, “On the military utility of spectral design in signature management: a system approach,”
Luén van Tién si, Finnih National Defence University, Thuy Dién, (2018).

[38]. K. E. Andersson and C. Akerlind, “A review of materials for spectral design coatings in signature
management applications,” Proc. of SPIE Vol. 9253, 9253Y (2014).

[39]. T. Hallberg et al, “Development of low emissive camouflage paint: Final report Development of low-
emissive camouflage paint: Final report ,” FOI, (2005).

[40]. H. Karlsson et al, “Ny typ av lagemissiv kamouflagefarg - slutrapport,” FOI-R--2316--SE (2007).

[41]. F. C. Shen et al “Study on the Low-Emissive Camouflage Pigment,” Adv Mater Res., 624, 303-306 (2012).

[42]. https://intermatdefense.com/anti-thermal. Truy cép ngay 11/4/2024.

14 N.N. Son, ..., N. A. Tuin, “Mpt sé tién bé ... vit ligu da I6p nguy trang anh nhiét.”


https://intermatdefense.com/anti-thermal

Téng quan

[43]. R. Hu et al, “Thermal camouflaging metamaterials,” Materialstoday, Vol 45, pp. 120-141, (2021).

[44]. T. Han et al, “Full Control and Manipulation of Heat Signatures: Cloaking, Camouflage and Thermal
Metamaterials,” Advanced Materials, Volume 26, Issue 11, pp.1731-1734, (2014).

[45]. T. Yang et al, “Invisible Sensors: Simultaneous Sensing and Camouflaging in Multiphysical Fields,”
Advanced Materials, Volume 27, Issue 47, pp.7752-7758, (2015).

[46]. Y. Li et al, “Structured thermal surface for radiative camouflage,” Nat Commun 9, 273 (2018).

[47]. R. Hu et al, “Illusion thermotics,” Advanced Materials, Vol. 30, No. 22, 1707237, (2018).

[48]. W. Sha et al, “Illusion thermotics with topology optimization,” J. Appl. Phys. Vol. 128. Issue 4 (2020).

[49]. J. Zhang et al, “Adaptive Radiative Thermal Camouflage via Synchronous Heat Conduction,” Chinese
Physics Letters, 38 010502 (2021).

[50]. C. Zhang et al, “An ultralight and thin metasurface for radar-infrared bi-stealth applications,” J. Phys.
D: Appl. Phys. 50 444002 (2017).

[51]. L. Peng et al, “A Multilayer Film Based Selective Thermal Emitter for Infrared Stealth Technology,”
Advanced Optical Materials, 6, 1801006, (2018).

[52]. H. Zhu et al, “High-temperature infrared camouflage with efficient thermal management,” Light,
Science & Applications, 9:60, (2020).

[53]. T. Kim et al, “Hierarchical Metamaterials for Multispectral Camouflageof Infrared and Microwaves,”
Adv. Funct. Mater., 29, 1807319, (2019).

[54]. M. Pan et al, “Multi-band middle-infrared-compatible camouflage with thermal management via
simple photonic structures,” Nano Energy, Vol 69, 14449, (2020).

[55]. Z.J. Coppens and J. G. Valentine, “Spatial and Temporal Modulation of Thermal Emission,” Advanced
Materials, Vol 29, Issue 39, 1701275, (2017).

[56]. O. Salihoglu et al, “Graphene-Based Adaptive Thermal Camouflage,” Nano Lett. 2018, 18, 7, 4541-4548.

[57]. X. Duan et al, “Reconfigurable Multistate Optical Systems Enabled by VO2 Phase Transitions,” ACS
Photonics, 7, 11, 2958-2965, (2020).

[58]. Y. Qu et al, “Thermal camouflage based on the phase-changing material GST,” Light Sci Appl 7,26 (2018).

[59]. C. Xu et al, “Adaptive infrared-reflecting systems inspired by cephalopods,” Sci 359(6384): 1495-
1500, (2018).

[60]. M. Li et al, “Manipulating metals for adaptive thermal camouflage,” Sci. Adv. 6, eaba3494 (2020).

ABSTRACT
Advances in manufacturing multi-layer materials for thermal camouflage applications

Thermal imaging reconnaissance technology has been widely and effectively exploited
in the military sector to serve reconnaissance, search and track objects and other purposes,
because the heat signature of any target is very difficult to conceal, and can easily be
detected by thermal imaging reconnaissance devices. Thermal imaging camouflage covers
are researched and developed to limit detection by thermal imaging devices by minimizing
the heat signature of the target. Multi-layered Textile Structures (MTS) coverings are
proposed based on overlapping layers of different materials, combining and optimizing the
properties of individual materials to create one with thermal camouflage properties. This
article studied and summarized national and international research on thermal imaging
camouflage coverings with multi-layer structures, as a basis for orienting research,
developing a design method, optimizing and manufacturing a covering with a multi-layer
structure that effectively thermal camouflages by domestic resources.

Keywords: Thermal camouflage; Multi-layered textile structures; Emissivity; Target; Background; Metamaterials.
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