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_ DAIHOC DA NANG CONG HOA XA HQI CHU NGHIA VIET NAM
TRUONG PH SU PHAM KY THUAT Doc 1ap - Tu do - Hanh phic

THONG TIN KET QUA NGHIEN CUU

1. Théng tin chung

- Tén dé tai: Nghién ctru xay dung mé hinh thi nghiém o qua trinh truyén nhiét cia
céc thiét bi trao d6i nhiét

- M s6: T2024-06-03

- Chu nhiém: ThS. Nguyén Thanh Son

- Thanh vién tham gia:

- Co quan chu tri: Truong Pai hoc Su pham K¥ thuat

- Thoi gian thyc hién: 18 thang (Tt thang 01 ndm 2025 dén thang 06 nim 2026)

2. Muc tiéu

- Xay dung mo hinh thi nghiém a0 qua trinh truyén nhiét ctia cac thiét bi trao d6i nhiét.

- Xay dung cac bai thi nghiém o trén mo6 hinh.

3. Tinh md¢i va sang tao

- Tich hop dit liéu mé phong tir phan mém ANSY'S Fluent vao méi truong tuong tac
ctia phan mém Unity.

- Thiét ké giao dién thi nghiém 4o than thién, c6 tinh gido duc cao cho phép sinh vién
thao tac va quan sat két qua ngay lap tirc. Diéu nay gop phan tao hing tha hoc tip cho
sinh vién noi riéng va nang cao chat luong giang day ctia nganh/linh vuc noéi chung.

4. Tom tit két qua nghién ciu

Pé tai “Nghién ciru xdy dung mo hinh thi nghiém 4o qua trinh truyén nhiét cua
céc thiét bi trao doi nhiét” d3 dat duge cac két qua chinh sau:

- Pi x4y dyng thanh cong mo hinh s cta thiét bi trao d6i nhiét éng 16ng dng,
dam bao phan anh dung ban chat qua trinh truyén nhiét va dong chay cua luu chét.

- i thyc hién mo phong s6 bang phan mém ANSYS Fluent cho nhiéu ché do
van hanh khac nhau, tao 1ap bd dir liéu CFD c6 d¢ tin cdy cao phuc vu nghién ctru va
phat trién mo hinh.

- D phat trién phuwong phép noi suy dit liéu da bién, cho phép xac dinh nhanh
cac thong s6 dau ra (nhiét do, van té)c) tir cac diéu kién dau vao ma khong can chay lai
mo phong, gop phan giam chi phi va thoi gian tinh toan.

- i xay dung mo hinh thi nghiém 4o trén nén tang Unity, cho phép:
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+ Nhap céc thong sb6 dau vao (nhiét 9, van téc)
+ Tinh toan va hién thi két qua dau ra
+ Tryc quan hoa qua trinh trao doi nhiét bang d6 hoa 2D
- Pi thiét ké giao dién twong tac than thién, mo phong gan véi diéu kién thi
nghiém thuc, gitip ngudi dung dé dang thao tac va quan sat.
- Pi x4y dyng dugc san pham phan mém thi nghiém ao hoan chinh, ¢6 kha ning

ung dung trong giang day va nghién ctru.

5. Tén san pham

1. Nguyén Thanh Son, “Nghién ctru danh gia anh huéng ctia cac tham sé hinh
hoc cua twong ddy dugc gia nhiét trong khoang vudng ¢ nip truot bang mo
phéng CFD”, Tap chi Khoa hoc va Cong nghé Dai hoc Thdi Nguyén, vol.
231, no. 02, pp. 342-349, 2026, DOI: https://doi.org/10.34238/tnu-jst. 14646

Link bai bao: https://jst.tnu.edu.vn/jst/article/view/14646/pdf

6. Hiéu qua, phwong thirc chuyén giao két qua nghién ctru va kha ning ap dung
V6i chi phi trién khai thdp, kha ning mo rong linh hoat va phii hop véi xu hudng
chuyén d6i s6, md hinh thi nghiém ao c6 tiém ning trd thanh mot cong cu hiéu qua trong

giang day va hd tro tich cyc cho nghién ciru khoa hoc ctia sinh vién.

7. Hinh anh, so' @6 minh hoa chinh
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INFORMATION ON RESEARCH RESULTS

1. General information
Project title: This study focuses on the development of a virtual experimental
model for investigating heat transfer processes in heat exchangers.
Code number: T2024-06-03
Coordinator: MSc. Nguyen Thanh Son
Implementing institution: University Of Technology Education
Duration: 18 months (from 01/2025 to 06/2026)

2. Objective(s)

- A virtual experimental model of heat transfer processes in heat exchangers is
developed.

- Virtual experimental exercises are constructed based on the developed model.

3. Novelty and Innovation

- Integration of simulation data from ANSYS Fluent into the interactive
environment of Unity.

- Development of a user-friendly virtual laboratory interface with high
educational value, enabling students to manipulate input parameters and instantly
observe the results. This approach enhances student engagement and contributes to
improving the overall quality of teaching and learning in the field.

4. Summary of Research Results

The project entitled “Research on the Development of a Virtual Experimental
Model for Heat Transfer Processes in Heat Exchangers” has achieved the following
main outcomes:

- A numerical model of a concentric tube heat exchanger has been successfully
developed, accurately representing the fundamental characteristics of heat transfer and
fluid flow processes.

- Numerical simulations have been conducted using ANSYS Fluent under
various operating conditions, resulting in a reliable CFD dataset for research and model

development.
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- A multivariable interpolation method has been developed, enabling rapid
determination of output parameters (temperature and velocity) from given input
conditions without the need for repeated simulations, thereby reducing computational
cost and time.
- A virtual experimental model has been developed on the Unity platform, which
allows:
+ Input of operating parameters (temperature, velocity)
+ Computation and display of output results
+ Visualization of the heat transfer process using 2D graphics
- A user-friendly interactive interface has been designed, closely resembling real
experimental conditions, allowing users to easily operate and observe the system.
- A complete virtual laboratory software product has been developed, with strong
potential for application in teaching and research.

5. Products:

1. Son Nguyen Thanh, “A study to evaluate the effects of geometrical
parameters of a heated bottom wall in a lid-driven square cavity by CFD
simulation”, TNU Journal of Science and Technology, vol. 231, no. 02, pp.
342-349, 2026, DOI: https://doi.org/10.34238/tnu-ist. 14646

Paper link: https://jst.tnu.edu.vn/jst/article/view/14646/pdf

6. Effects, transfer alternatives of research results and applicability:
With low implementation cost, high scalability, and strong alignment with digital
transformation trends, the virtual laboratory model has the potential to become an

effective tool for teaching and to actively support students’ scientific research.


https://doi.org/10.34238/tnu-jst.14646
https://jst.tnu.edu.vn/jst/article/view/14646/pdf

1
PHAN MO DAU

1. Tong quan tinh hinh nghién ciru thudc linh vue ciia dé tai ¢ trong va ngoai
nuwoc

M6 hinh thi nghi€ém 4o 1a m6 hinh thi nghi¢m dua trén may tinh, trong d6 céc co
hoi tién hanh thi nghiém c6 thé duoc cung cdp mot cach twong tac thong qua mod phong
phan mém cua cac vat thé, thiét bi hodc quy trinh thuc hodc truy cép tir xa vao phong
thi nghiém thyc té. M6 hinh thi nghiém do 1a mot cong cu manh mé& ma qua do sinh vién
c6 thé kham pha, quan sat, thao tic va phan tich mot tap hop dit liéu da dang duoc biéu
dién duéi dang s6 va/hoic d6 hoa. Loai cong cu nay cuc ky hiéu qua, dac biét 1a khi cac
truong dai hoc phai di pho véi dai dich, khién sinh vién kho tiép can dugc cac mo hinh
va ban thi nghi€m thuc té tai truong dai hoc. Pay 1a co hoi tdt dé ao hoa viéc hoc va tao
ra cac ky nang va nang luc cho sinh vién dé xir Iy nhiéu cong cu va san pham phan mém
khac nhau. Vi vay, trong nhitng nim gan day, chii @ mé hinh thi nghiém 4o ludn 1a mot
trong nhitng chii & néng duoc nhiéu nha nghién ciru quan tim.

Ngoai nudc

Bai bdo “Building a virtual laboratory bench to examine heat transfer processes”
clia cac tac gia A. Parushev, A. Chekichev, R. Popov [1] d3 thao luan vé cac nguyén tic
co ban lién quan dén viéc xay dung mot moé hinh thi nghiém 4o dé kiém tra cac qua trinh
truyén nhiét. M6 hinh thi nghiém 4o qu4 trinh truyén nhiét duoc xay dung bang céng cu
ao LabView da gitip cai thién, phat trién nang luc va kha ning ciia ca nhom giang day;
d6ng thoi nang cao kién thire, k¥ ning va kha ning cia sinh vién dang hoc cac quy trinh
truyén nhiét.

Bai bao “Efficacy of heat transfer experimental simulations in virtual
laboratories” cua cac tac gid Lakshmi S. Bose va Steven Humphreys [2] da thuc hién
cudc diéu tra cho 86 sinh vién k§y thuat, cho thay viéc sir dung cac phong thi nghiém ao
thuc nghiém truyén nhiét (HTEVL) cta cic sinh vién nay co hiéu suét tét hon dang ké
so v&i nhirng sinh vién khong sir dung HTEVL; tirc 1a cdc mo phong hoc tép duoc tao
ra dudi dang HTEVL c6 thé m6 ta qua trinh truyén nhiét mot cach hiéu qua.

Bai bao “Designing a Virtual Laboratory of the Heat Exchanger. Experiment by
Artificial Neural Network (ANN)” cua tac gid Hani Al-Rawashdeh [3] da xay dung va
thiét ké mo hinh bang cong cu MATLAB va Simulink st dung phwong phép mang no-

ron nhan tao ANN thay vi st dung cach mo6 hinh héa va mo phong hé théng thong
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thuong, diéu nay dap tng duoc cong nghé va khoa hoc moi cta Tri tué nhan tao “Al”.
Két qua nghién ctru cho thiy dit liéu trong ting thi nghiém thwe té va dir liéu mé phong
rat hop 1y.

Bai bdo “Modeling of heat exchangers in ANSYS CFX for the digital twins
development” ctia tic gia Artem Ponikarov [4] trinh bay mét phuong phap pho quét dé
m6 hinh hoéa va t6i vu hoa céc thiét ké bo trao d6i nhiét vo va éng bang cach sir dung
261 phan mém ANSYS CFX. Su khac biét trong két qua 1a khoang 1°C, diéu nay khang
dinh do chinh x4c va do tin cdy cao ciia phuong phap duoc dé xuat. Piéu nay cho thiy
tinh kha thi ctia viéc st dung ANSYS CFX dé mé hinh hoa va toi wu hoa thiét bi cong
nghé.

Bai bao “Design and CFD Simulation of Heat Transfer in Circular Pipes” ctia cac
tac gid Furman Ali, Munawwar Ali Abbas, Bo Sun, Li Chen, and Shahid Hussain [5] da
sir dung cong cu md phong (CFD) va thuc nghiém dé danh gia tic dong cuia nhiét do va
tbc do ¢ diéu kién mua hé va mua dong dén hiéu qua trao ddi nhiét cua 6ng tron dan
nude. Két qua nghién ctru cho théy sy gidm manh vé nhiét dd va van tbe gﬁn vung dau
vao va dau ra trong khi ap suat ty 1& nghich voi van toc & nhimg ving nay.

Trong nudc

Bai bao “Mb hinh hoa bo trao ddi nhiét dimg kiéu vo va dng” clia tac gia Lé Tuan
Phuong Nam [6] trinh bay mot mé hinh dong ctia bo trao doi nhiét kiéu vo va éng thang
dung, luu chat nong 13 hoi nudc va luu chat lanh 13 nudc ngung; nham du doan ap suat
hoi nude va mitc nudc ngung trong bo trao doi nhiét.

Bai bao “Ung dung cong nghé thyc té do trong gido duc: mot nghién ctru trudng
hop” ctia cac tac gia Pham Cao Vin, Nguyén Quynh Phuong, Vo Trong Cang, Nguyén
Thanh Nhét Lai, Tran Thanh Co [7] 3 mo ta thuc trang tng dung thuc té 4o trong giang
day cdc mon hoc lién quan cang va kho bai thuoc nganh Logistics va Quan 1y chudi cung
tng tai Truong Pai hoc Binh Duong va nhitng khé khin trong qua trinh trién khai giang
day thuc té. Bén canh d6, sau khi khao sat hon 100 sinh vién da trai nghiém, két qua chi
ra rang viéc hoc tip bang cong nghé thyc té 4o gitp sinh vién hing thu va tiép thu kién
thire d& dang hon so vé6i viée giang day 1y thuyét thong thuong. Nghién ctru 13 mot
truong hop Gmg dung hiéu qua thuc té 4o vao giang day trong dai hoc. Vi vay, gitp céc

co s¢ dao tao trong ca nudc co cai nhin khach quan vé vi¢c sir dung cong nghé nay.
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Bai bao “Ung dung cong nghé ha tang 4o hoa phuc vu giang day, hoc tap va
nghién ctru tai don vi dao tao dai hoc” cua cac tac gia Vii Minh Tuén, Pinh Thi Minh
Nguyét [8] da gidi thidu vé cong nghé ha ting 40 hoa va so sanh giita viéc str dung may
chu vt Iy truyén thng va str dung may chu ao; dong thoi, phan tich va danh gia chi tiét
nhimng diém manh va nhitng ton tai ctia cong nghé ha tang ao hoa. Tir d0, tic gia dé xuat
mot phuong an sir dung cong nghé ha ting 4o hod phi hop nhit dé hd tro cho cong tac
nghién clru va giang day cua giang vién Pai hoc, va thir nghiém tai mot don vi cu thé dé
danh gia hiéu qua trién khai va kha ning mé rong ciia cong nghé nay.

Bai bao “Ung dung phan mém mé phong dé xay dung phuong trinh tiéu chuan
tda nhiét doi voi luu chat chay rdi trong dng” ciia tac gia Thai Ngoc Son, Tran Thi My
Linh [9] da st dung cong cu m6 phong (CFD) trg gitp trong viéc xac dinh nhiét d§ cua
vach, xtr Iy két qua thi nghiém, x4y dung thanh céng phuong trinh tiéu chuan xac dinh
hé s6 téa nhiét ciia moi chat dbi luu cudng bic & ché d6 chay rdi trong 6ng.

2. Tinh cép thiét ciia dé tai

Trong gi4o duc hién dai, mé hinh thi nghiém 4o 13 mot trong nhitng giai phap rat
hiéu qua ma it ton chi phi nhat dé nang cao kha ning day va hoc, béi 1& né tao ra moi
truong tuong tac dé thuc hién cac thi nghiém ao gitp cho ngudi day va ngudoi hoc ¢6 co
hoi hoc tap nhimng trai nghiém triru twong kho 1am duoc trong diéu kién phong thi
nghi¢m tai truong hoc.

Déi véi nganh cong nghé k¥ thuat Nhiét, qua trinh truyén nhiét cta cac thiét bi
trao d6i nhiét 1a mot van dé cdt 161 co ban, ludén dugc quan tam. Tuy nhién, hién nay tai
xuong thyc hanh, sb lugng va chat lugng thiét bi thuc hanh phuc vu cho van dé nay
tuong d6i khiém tén. Chinh vi vdy, viéc xdy dung mo hinh thi nghiém 4o qua trinh
truyén nhiét cua céac thiét bi trao doi nhiét & phuc vu cho viéc giang day mang tinh cp
thiét.

Nghién ciru xay dung mé hinh thi nghiém ao qua trinh truyén nhiét cta céc thiét
bi trao d6i nhiét huéng dén muyc dich phuc vu hoc tap, minh chimg 1y thuyét, xir 1y két
qua thi nghiém qua cac bai thi nghiém ao khac nhau cho cac hoc phan co sé nhu Nhiét
dong, Truyén nhiét va Thiét bi trao doi nhiét ... Tir 46, tao hing thu hoc tap cho sinh

vién noi riéng va nang cao chat lugng giang day cta nganh/linh vuc no6i chung.



3. Muc tiéu deé tai

- X4y dyng m6 hinh thi nghiém 4o qu4 trinh truyén nhiét cta cac thiét bi trao doi
nhiét.

- Xay dung céc bai thi nghiém do trén mo hinh.

Doi twong nghién ciru

Céc thi nghi¢ém ao vé qua trinh truyén nhiét cua céc thiét b trao d6i nhiét.

Pham vi nghién ciru

Céc thi nghiém truyén nhiét cta cac thiét b trao d6i nhiét trong chuwong trinh dao
tao ciia nganh cong nghé k¥ thuat Nhiét, truong dai hoc Su pham K¥ thuat - Pai hoc Pa
Naclng. Cu thé nghién ctru dugc thyc hién trén thiét bi trao doi nhiét éng léng éng nhu
mot truong hop dién hinh.

4. Cach tiép can, phwong phap nghién ciru

Cich tiép cin

- Tién hanh nghién ctru 1y thuyét.

- X4y dyng mé hinh thi nghiém 4o qu4 trinh truyén nhiét cta cac thiét bi trao doi
nhiét dé chay thir nghiém.

Phwong phap nghién ciru

Nghién ctru mo6 phong

5. N¢i dung nghién ctru

Chuong 1: Nghién ciru téng quan vé thiét bi trao d6i nhiét

Chuong 2: Nghién ciru co s 1y thuyét vé cac thi nghiém qua trinh truyén nhiét
clia céc thiét bi trao ddi nhiét

Chuong 3: Xay dyng mo hinh thi nghiém 4o

Két luan
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CHUONG 1
NGHIEN CUU TONG QUAN VE THIET BI TRAO POI NHIET

1. Gi6i thiéu chung

Thiét b trao d6i nhiét (TBTDN) 1a loai thiét bi duoc thiét ké dé thyc hién qua
trinh trao ddi nhiét gilta cac moi chét c6 nhiét do khac nhau. Trong thuc té san xudt va
doi sdng, cac thiét bi nay dong vai tro then chét trong viée kiém soat nhiét do bang cach
d6t nong hodc 1am ngudi cac loai chat long, chat khi hodc chat ran.

1.1. Tam quan trong va irng dung

TBTBN xuét hién trong hau hét cac quy trinh cong nghiép va dan dung:

Nganh ndang lrong: Nbi hoi, b say khong khi, thiét bi hoi nhiét trong cac nha
may nhiét dién.

Nganh dién lanh va diéu hoa: Binh ngung, binh bay hoi, cic bd calorife sudi am.

Cong nghé dién tir: Ong nhiét (heat pipes) dugc coi 14 "siéu dan nhiét", diung dé
1am mat CPU may tinh véi hiéu suit cyc cao ma khong can ngudn dién ngoai.

Cong nghé hang khong vil tru: Kiém soat nhiét do cho tau vii tru va cac thiét bi
lam viéc trong moi truong khong trong luc.

1.2. Phén logi thiét bi trao doi nhigt

Thiét bi trao d6i nhiét (TBTPN) rat da dang vé chung loai dé dap tng cac yéu
cau khac nhau trong cong nghiép va doi song. Tty theo cac tiéu chi khac nhau, chung
c6 thé duoc phan loai nhu sau:

1.2.1. Phén logi theo chiéu chuyén déng ciia méi chdt

Dua trén hudng dong chay cta hai moi chat (nong va lanh) trong thiét bi, ngudi
ta chia thanh cac loai chinh:

- Loai cuiing chiéu: Hai méi chat vao va ra khoi thiét bi & cing mot phia, chay
song song va cung hudéng vdi nhau.

- Loai nguoc chiéu: Hai moi chat vao va ra ¢ hai phia ddi dién, chay song song
nhung nguoc hudéng nhau.

- Loai cat nhau (chéo chiéu): Dong méi chat ndy chay vudng goc v6i dong moi
chat kia (thuong gip trong cac bd tan nhiét 6 t6 hodc dan lanh diéu hoa).

- Loai hdn hop: La su két hop cua cac so do trén, trong d6 c6 phan méi chit

chuyén dong cung chiéu va c6 phan chuyén dong nguoc chiéu hoac chéo chiéu.
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1.2.2. Phan loai theo cong dung cua thiét bi

Tuy thude vao muc dich cu thé cua qua trinh nhiét trong hé théng, thiét bi co cac
tén goi khac nhau:

- Binh ngung (dan ngung): Dung dé hoa 16ng méi chat tir trang thai hoi.

- Binh bdc hoi (dan bay hoi): Dung dé hoa hoi mdi chat tir trang thai long.

- BO sudi am (calorife): Dung dé dt nong khong khi hodc cac chat khi khac.

- Thiét bi ¢6 dic: Dung trong cong nghé héa chit dé lam ting ndng d6 dung dich.

- Thiét bi tinh c4t: Dung dé tach cac thanh phan hdn hop chat long.

1.2.3. Phan loai theo sw hoat dong cua moi chat

- Hoat dong lién tuc: Cac dong moi chat chay qua thiét bi mot cach lién tuc va 6n
dinh theo thoi gian (vi du: binh ngung tu).

- Hoat dong theo chu ky: Hai méi chat thay nhau chdy qua bé mit trao d6i nhiét
theo tirng khoang thoi gian xac dinh (vi du: thap say, cac thiét bi tich nhiét).

1.2.4. Phan loai theo nguyén ly lam viéc

Day 1a cach phan loai pho bién nhat trong k¥ thuat nhiét:

- Thiét bi vach ngin: Hai méi chat duoc ngan cach bdi mot vach ran (6ng, tim).
Nhiét luong truyén tir moi chat nong sang moi chét lanh qua bé mat vach ngin nay. Pay
13 loai pho bién nhét (vi du: thiét bi kiéu dng chum, kiéu tim).

- Thiét bi kiéu hoi nhiét (tich nhiét): Nhiét duoc tich trit vao mét vat trung gian
(vat liéu tich nhiét) tr moi chét nong, sau do vat nay truyén lai nhiét cho méi chét lanh.

- Thiét bi kiéu tiép xtic: Hai mdi chat truc tiép tron 13n va trao doi nhiét v4i nhau.
Vi du dién hinh 1a thap giai nhiét, noi nudc nong tiép xuc truc tiép vdi khong khi dé lam
nguoi.

- Thiét bi kiéu 6ng nhiét (Heat Pipe): Str dung chu trinh bay hoi va ngung tu ciia
méi chét bén trong mot 6ng kin dé truyén tai mot lugng nhiét rat 16n véi do chénh nhiét
do rat nho.

1.3. Mbi chiit sir dung trong thiét bi trao doi nhiét

Viéc lua chon méi chét 1a mot bude quan trong, quyét dinh hi¢u qua truyén nhiét
va tudi tho cua thiét bi. M6i chit phai dugc chon sao cho khong bi dong bang trong dai
nhi¢t d6 van hanh yéu cau.

1.3.1. Cdc tiéu chi lva chon méi chat chinh

bé dam bao thiét bi van hanh hiéu qua, mai chat can dap trng cac yéu cau sau:
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- Déi nhiét d6 van hanh: Mai chét phai c6 diém déng bang thap hon va diém toi
han cao hon dai nhiét do lam viéc cua thiét bi.

- Tinh tuong thich: Phai hoan toan twong thich véi vat liu lam vach ngan, vo va
cAu tric mao dan (néu c6) dé tranh in mon hoic sinh khi khéng ngung.

- D6 6n dinh nhiét: Méi chat khong bi bién chat hodc phan hiy hoa hoc dudi tac
dong cua su thay ddi nhiét do trong subt qua trinh van hanh.

- Pic tinh thAm wét: CO kha nang tham w6t tot bé mat vat liéu vach va clu trac
mao dan dé hd tro qua trinh trao d6i nhiét.

1.3.2. Cac yéu cau vé ddc tinh nhiét vat ly

MOoi chét 1y tuong thudng c6 cac thong sb sau:

- An nhiét hoa hoi cao: Dé van chuyén mot Iwong nhiét 16n véi luu luong khéi
lwong nho nhét.

- P9 dan nhiét cao: Gitip giam chénh 1éch nhiét d6 theo phuong hudng kinh va
han ché nguy co soi bot tai bé mit vach.

- Strc cang bé mat 16n: Pic biét quan trong trong cac thiét b st dung 6ng nhiét
dé ting cuong kha niang mao dan.

- D6 nhét thip (ca pha 16ng va hoi): Dé giam thiéu tré luc dong chay va ton that
ap suat bén trong thiét bi.

- Ap suét hoi phu hop: Ap sut hoi khong duoc qua cao (gdy ap luc 18én vo thiét
bi) hodc qué thap (kho duy tri trang thai hoat dong) trong dai nhiét do lam viéc.

1.3.3. Cdc loai méi chdt thong dung theo dai nhiét do

Tuy vao tng dung, cac moi chat phd bién bao gdm:

- Dai nhiét d6 cyc thap (Cryogenic): Heli, Nito, Neon, Hydro.

- Dai nhiét do trung binh (Moderate): Amoniac (-60°C dén 100°C), Acetone (0
dén 120°C), Methanol (10 d&én 130°C), Nudc (30 dén 200°C).

- Dai nhi¢t d6 cao (Kim loai 16ng): Thily ngan, Natri, Kali, Lithi.

2. Céc yéu cau ky thuit chung cho thiét bi trao ddi nhiét

2.1. Yéu cau chinh

Pé mot TBTPN van hanh hiéu qua va bén bi, qua trinh thiét ké va ché tao can
dap tng cac nhém tiéu chuan sau:

Hiéu quda truyén nhiét va cong nghé
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Nhiém vy nhié¢t: Phai ddm bao dat duoc nhi¢t 6 yéu cau cho cac mdi chit tai dau
ra voi dién tich bé mit trao ddi nhiét tdi wu nhét.

Lura chon méi chdt: Dac biét ddi voi cac thiét bi sir dung 6ng nhiét, moi chat can
c6 nhiét hoa hoi cao, dd dan nhiét 16n va strc cing bé mit cao dé hd tro qué trinh mao
dan.

D6 on dinh nhiét: Vat liéu va moi chat khong duge bién chat hoic phan huy trong
pham vi nhiét d¢ lam viéc.

Dj bén co hoc va an toan vin hanh

Sitc bén két cau: Vo va céac chi tiét bén trong phai chiu dugc ap suat va ing suét
nhiét phat sinh trong qua trinh van hanh, dam bao khong ro ri moi chét.

Twong thich vdt liéu: Tranh cac phan Gmg hoa hoc hodc dién hoa giita moi chat
va vat liéu ché tao dé ngan nglra an mon va sinh khi khong ngung.

D6 kin: Thiét bi phai tuyét d6i kin, dic biét 1a cac thiét bi lam viéc trong moi
truong chan khong hodc ap suét cao.

Tinh kinh té va van hanh bdo tri

T6i wu héa chi phi: Cau tao don gian, d& ché tao va stir dung vat liéu pho bién
nhung van dam bao hiéu suat.

Gidm thiéu tré Iyc: Thiét ké duong di ciia moi chat sao cho ton that ap suat 1a
nho nhit dé tiét kiém ning lugng cho hé théng bom/quat.

Kha nding bao tri: Bé mat trao doi nhiét phai dé tiép can dé vé sinh, loai bo cau
can nham duy tri hé s6 truyén nhiét on dinh theo thoi gian.

2.2. Chon dwong chuyén dong cho méi chit

Viéc bd tri dudng di ciia moi chét trong thiét bi trao d6i nhiét (dic biét 1a loai 6ng
chtim) can tuan thu cac quy tic vu tién sau:

- Mbi chét ¢ 4p suat cao: Nén cho di trong 6ng. Viéc thiét ké cac dng nho chiu
ap sudt cao s& d& dang va kinh t& hon so vé6i viéc thiét ké vo thiét bi 16n dé chiu cung
mirc 4p suat do.

- M6i chét 6 tinh an mon hodc bam ban: U tién cho di trong dng. Cac ong nay
dé dang dugc vé sinh béng phuong phép co hoc hodc hoa chét, va néu can thiét, viéc
thay thé cac dng bi an mon ciing don gian hon so véi viéc sira chita vo thiét bi.

- M6i chét c6 hé sb téa nhiét nho: Nén cho di ¢ phia ngoai dng (phia vo). Dé ting

cudng kha ning trao d6i nhiét cia moi chat nay, nguoi ta c6 thé dé dang lap thém cac



9
vach ngan hodc lam canh (finned tubes) ¢ phia ngoai ng nham tang dién tich tiép xtic
va dg xody cua dong chay.

- Moi chit c6 d nhét 16n: Nén cho di phia ngoai ong. O phia vo, khong gian rong
rai hon gitp giam trd luc dong chay, tir d6 giam cong suit bom can thiét dé van hanh hé
théng.

- Moi chét ¢6 nhiét d6 rit cao: Nén cho di trong émg dé han ché ton that nhiét ra
moi truong xung quanh va dam bao an toan cho ngudi van hanh khi tiép xtic véi vo thiét
bi.

- Moi chit 12 hoi ngung tu: Thudng dugc cho di phia ngoai ong dé tan dung khong

gian réng cua vo, gitp hoi phan bd déu va dé dang thu gom nude ngung & phia dudi.
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CHUONG 2
NGHIEN CUU CO SO LY THUYET VE CAC THI NGHIEM QUA TRINH
TRUYEN NHIET CUA CAC THIET BI TRAO POI NHIET

1. Cac phuwong trinh co ban ciia Thiét bi trao d6i nhiét
1.1. Phwong trinh cén bang nhiét
Phuong trinh can bang nhiét 1a phuong trinh mé ta dinh luét bao toan va bién hoa
nang luong cho TBTDN.
Phuong trinh can bang nhiét tong quat lién hé cac hé sb entanpi ra vao thiét bi
v6i nhiét truyén qua vo thiét bi ra méi trudng va bién thién ndi ning cia thiét bi:
(Hiéu entanpi ra — vao cua chét 1ong 1) + (Hiéu entanpi ra- vao ctia chét 1ong 2)
+ (Nhiét truyén qua vo thiét bi ra méi trudng) + (Bién thién nodi ning cua thiét bi) = 0.
O dang tich phan, phuong trinh can bang nhiét tong quat c6 dang:
YQ=(AL + AL+ QT +AU=0
Trong do:
Al =G1.(i"1 —i") <0, [W] do chat long 1 toa nhiét,
Al = Ga.(i"2 —1i2) > 0, [W] do chat 16ng 2 thu nhiét
Qx = YkiFi(t - t), [W] 1a nhiét truyén tir chat 16ng c6 nhiét d t qua cac dién tich
F; ctia vo thiét bi ra moi truong nhiét do tr.
- Vi thiét bi gia nhiét thuong co: t > trnén Qx > 0 tirc moi truong nhan
nhiét.
- Vi thiét bi lam lanh, thuong t < trnén Qx < 0 tirc moi truong tod nhigt
vao thiét bi.
7 [s] 1a thoi gian tir khi khai dong thiét bi & nhiét do to dén nhiét do t. nao do.
AU = Y VipiCi(t: - to), [J] 1a bién thién ndi nang cua cac chi tiét tao ra thiét bi.
- Trong thiét bi gia nhiét, thuong t. > to nén AU > 0;
- Trong thiét bi 1am lanh, thudng t. < to nén AU < 0.
- Néu tinh tir khi thiét bi da 1am viéc 6n dinh, thi AU = 0.
Trén thyc té, nguoi ta thuong tinh nhi¢t cho thiét bi trao doi nhiét khi n6 da lam
viéc on dinh, va khong co ton that nhiét ra moi truong (Qx = 0) thi luong nhiét moi chat
néng nha ra bang nhiét lvgng moi chit lanh nhan vao, phuong trinh can bang nhiét co

dang:
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Al = Al hay Q = G1.(i"1 —1'1) =Ga.(i"2—12), W
Néu méi chat khong chuyén pha thi phwong trinh trén c6 thé viét lai:
Q=G1.Cpr.(t"1 = t'1) = G2.Cp2.(t"2 — t2), W
Pé thuan tién cho viéc biéu thi ta qui udc mat ) ky hiéu nhu sau:
- Cac du ' va " biéu thi trang thai dau vao va ra ciia moi chét;
- Céc chi s6 “1” va “2” 1a chi méi chat néng va lanh;
~t'h — ") = At; va t"s — t' = At 12 46 chénh nhiét do ctia mdi chét nong va lanh
khi di qua thiét bi.
Gi1, G2 — luu lwong khéi luong ciia moi chat nong va lanh, kg/s;
Cp1, Cp2 — nhiét dung riéng khéi lwong dang ap cia moi chit nong va lanh, J/kg K.
Néu dat W = G.C, va goi 1a nhiét dung toan phan ctia moi chat hay duong lugng
nudc thi phuong trinh trén c6 dang:
WiL(th —t"1) = Wa.(t"2 — t2), W
hay: Wi.At; =— WAty , W
Hay viét dudi dang vi phan:
0Q =Wrdti =— Wadt2, W
1.2. Phuwong trinh truyén nhigt
Phuong trinh truyén nhiét 1a nhitng phuong trinh mé ta luong nhiét trao doi giita
2 chét long qua mat TDN bang phuong thic truyén nhiét.
* Dang vi phdn
Luong nhiét 8Q truyén tir chat 1ong nong ti dén chat 1ong lanh t2 qua bé mat dién
tich trao d6i nhiét dFx cua vach co dang:
0Q =k.(t1 — t2).dFx = kAtx dFx, W
Trong do:
k 1a hé sb truyén nhi¢t qua vach, thuong duoc coi 1a khong ddi trén toan mit F,
W/m3K;
Aty = (t — t2) 12 @6 chénh nhiét d6 giita chat 1ong nong va lanh trén mat dFy;
* Dang tich phan
Lay tich phan trén toan dién tich F thi luong nhiét Q truyén qua cua vach la:

Q = [kAt,dF, =kFAt, W
F

vO1:
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— 1 : : o
At = EINX (Fx)dFX goi la d§ chénh 1éch nhiét do trung binh gilta hai moi chat
0
trén mat F cta thiét b.
2. Xdc dinh dd chénh Iéch nhiét dd trung binh At
Theo chiéu chuyén dong ctia hai chét 10ng, thiét bi trao ddi nhiét loai vach ngan
duogc chia ra 3 kiéu chinh: kiéu song song cung chiéu, song song nguoc chiéu va kiéu

giao nhau (song song hon hop).

14
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' t
. F o],

At

=
At
F\Etz ]4

2

I
o
Y

Hinh 2.1. So d6 chuyén dong ciia chat Iong trong thiét bj trao doi nhiét vach ngan

2.1. So' d6 méi chit chuyén dpng song song cing chiéu

| ¢
t
s
t
_T _____ ﬁ_
C? 1 : 'dtl ty
Aty Atx i iAtz
C v
= R T
t
- ? :
e . dFx | Fx_
O Fx F

Hinh 2.2. So' do trao déi nhiét 2 méi chat chuyén déng song song ciing chiéu
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Khao sét thiét bi trao d6i nhiét co dién tich Fy, ta tach ra mot phan tir dF dé xét.
Doc theo phﬁn ttr dF nhiét d6 ctia cdc moi chat thay ddi dt; va dt.
Phuong trinh truyén nhiét twong mg véi phan tir dién tich dF 1a:
dQ =k dF Atk
Phuong trinh c4n bang nhiét 1a:
dQ =-W; dt; = W dt;

Bién thién nhiét do dt; va dt; co thé xac dinh:

dt; =-dQ /Wi
dtz=dQ/ W:
Tur do ta co:
dt, —dt, = {WLIJFWLJdQ
Hay:

d(t, —t,) = —(Wi + ijdmtx

1 2

Vit t) = Atenen S8 _ [ 1 1 g
At W, W,

X

Kihiéu m= —(L + Lj ta co:

1 2

dAt) e
At

X

Néu m va k khong ddi, 14y tich phan 1én ta co:

Imz d(At,) :_mkIFXdF

Ay At o 7
Hay:
ln& =-—mkF,
At,
Suy ra: At, = Ate ™"
At, = Ate™"

Do chénh I¢ch nhiét do trung binh doc theo toan bo dién tich bé mit trao d6i nhiét

s€ bang:



—mkF
Cubi cung ta c6 dd chénh léch nhiét do trung binh logarit gitta hai moi chét:
At = At, —At,
In| At
At,
Voi: At =t'—t,, At,=t"—t",
2.2. So' do méi chit chuyén dpng song song ngwoc chiéu
Lt
t
=
At
-4 t
g ‘
Atx ~ Cl‘ derr
A R b
dtp| A 2 |
,ZL T L : Aty
| Tes Y
\ \t2
dFx | | Fx
O Fx F

Hinh 2.3. So do trao déi nhiét 2 méi chdt chuyén dong song song ngirge chiéu
Trong truong hop moi chit chuyén dong song song nguoc chiéu, cac bude tinh

toan ciing tién hanh twong ty va luu y thém rang:
1 1

m=———

Wl WZ

At =t'—t",, At,=t"—t', 1a d6 chénh l¢ch nhiét do tai hai dau mit truyén

Voéi: At, =At_-¢,
nhiét.
Cubi cung ta co:
At —At,

m[ml}
At,

At

Cac so do khac
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Biéu thirc At ctia cac so dd khéc (song song ddi chiéu, giao nhau 1 hay n lan)

dugc tinh theo so d6 song song ngugc chi€u roi nhan vo1 hé so €, cho tung so do boi

dd thi:

b)

¢)

Ater = Atnc.g,,
Trong do:
At 12 do chénh Iéch nhiét d6 trung binh logarit khi chuyén dong nguoc chiéu;
g, =1 (P,R)lé hé s6 hiéu chinh theo P va R phu thudc so dd cu thé sau.
2

Trong d6: P = t? —
£ —t

tZ

W0 _‘W ?'ﬁ.
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Hinh 2.4. D6 thi xdc dinh hé s6 hiéu chinh €, =f(P,R)
3. Hiéu suit ciia Thiét bi trao déi nhiét

Hiéu suit trao d6i nhiét cta thiét bi, ky hiéu bsi n duoc dinh nghia:

O day:
Q - lwong nhiét ma maéi chat nong (nguén néng) truyén cho méi chat lanh (ngudn
lanh) & diéu kién thyc té da cho;
Qunax - lwong nhiét 16n nhat ma méi chat nong (ngudn noéng) truyén cho moi chat
lanh (ngudn lanh) & diéu kién 1y tuong.
Diéu kién Iy tuong & day 1a diéu kién thiét bi trao d6i nhiét c6 cac moi chat chuyén
dong nguoc chiéu va c6 dién tich bé mit trao d6i nhiét vo cung 16n, F — .
Trong thiét bj trao ddi nhiét nguoc chiéu va c6 dién tich bé mat vo cung 16n, F
— 0, ta co:
- Vo1 Wr = G2.Cp2 < Wi = G1.Gp1, khi F — oo thi t"; = t'1 va dtomax = t'1 — t'2. Ta
co:
Qmax = W2 0tomax = Wa(t'1 — t)
- V61 Wi < Wy, khi F — oo thi t"; = t'2 va 8timax = t'1 — t'2. Ta co:
Qmax = W1-0timax = Wi(t1' — t2)
Tir ddy ta c6 thé viét biéu thirc tong quat dé tinh Qumay:
Qmax = Win*Otmax = Wmin(t1' — t2')
O diy Womin 12 gia tri nho trong hai gia tri Wi, Wa.
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Hinh 2.5. Phdn bé nhiét do doc thiét bi trao déi nhiét trong truong hop cdc dong co nhiét
dung riéng khac nhau
Dé xac dinh nhiét luong trao d6i Q & diéu kién thuc té cta thiét bi trao d6i nhiét,
c6 thé suy ra tir phuong trinh can bang nhiét khi bo qua ton that nhiét:
Q=Wi-ot; = W26tz
Q=Wi(ti' = t1") = Wa(t2" — t2")

Khi d6 ta c6 biéu thirc tinh hiéu suét thiét bi trao doi nhiét:

- Khi W1 <W2;:
WS, 8ttt
n Wl ‘Stmax 8tmax tvl - t'2

- Khi W1 > W2:
W, .5t St t —t.
n= 20L 2 _ 27 h

max t 1

A —t,
Luogng nhiét trao doi Q¢ diéu kién thuc té cua thiét bi trao d6i nhiét con co thé

dugc xac dinh tir phuong trinh truyén nhiét sau:

Q =kFAt
Suy ra:
n= Q = kFAt :NTU.A:f NTU,M
Qmax WminStmax 6 max Wmax

O day NTU = KE

min

goi 1a s6 don vi truyén nhiét, 1a dai lugng khong thir nguyén.
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CHUONG 3
XAY DUNG MO HINH THi NGHIEM AO

Trong pham vi nghién ctru nay, thut ngit “thi nghiém a0” dwoc tiép cin theo
nghia hoc thuit, dua trén ban chét cua qua trinh thuc nghiém thay vi hinh thurc trién khai
giao dién. Cu thé, thi nghi¢m ao duogc hiéu 12 viéc tai hién va khao sat cac hién tuong
vat 1y trong méi trudng sd, trong d6 cac bién dau vao duoc kiém soat c6 chi dich nhim
danh gia anh huong ciia chung dén cac dai lugng dau ra.

Trén co sé d6, phan mém ANSYS Fluent dugc sir dung nhu mot méi truong thi
nghiém sd trong khuon khoé Computational Fluid Dynamics. Mdi trudng hgp mé phong
(case) voi tp hop diéu kién bién xac dinh duoc xem 1a mot 1an thi nghiém, trong khi
viéc thay doi cac thong sd dau vao twong tmg voi qua trinh thao tac thi nghiém. Céc két
qua mo6 phong thu dugc dong vai tro 1a dir li¢u thye nghiém phuc vu cho phén tich dinh
luong.

Céch tiép can nay cho phép t6 chirc nghién ctru dudi dang chudi thi nghiém sb
c6 kiém soat, dam bao cdc tiéu chi co ban ctia mot thi nghiém khoa hoc, bao gdom:

(i) kha ning kiém soat bién sd;

(i1) kha nang lap lai;

(iii) kha ning thiét 14p quan hé gitta nguyén nhan va két qua.

Do d6, mic du khong trién khai giao dién twong tac thoi gian thyc, nghién ctru
van dam bao ban chét cua thi nghiém 4o theo nghia hoc thuat, trong d6 mdi truong mo
phong dong vai tro 1a phong thi nghiém sd.

1. Giéi thi¢u phin mém xiy dung md hinh thi nghi¢m 20 ANSYS Fluent

1.1. Tong quan vé ANSYS Fluent

ANSYS Fluent 1a mdt trong nhiing phan mém hang dau thé giéi trong linh vuc
co hoc chét luu tinh toan (Computational Fluid Dynamics — CFD), dugc phat trién boi
ANSYS Inc.. Phan mém cho phép mé phong, phan tich va du doan cac hién tuong lién
quan dén dong chay, truyén nhiét, truyén khdi va cac qua trinh vat 1y phirc tap trong k¥

thuat va cong nghiép.
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Hinh 3.1. Ung dung thuec tién ciia mé phong CFD

ANSYS Fluent dugc ing dung rong rai trong céc linh vuc nhu:

o (Cong nghiép hang khong va vil tru:

Pay 1a mot trong nhitng nganh cong nghiép dau tién tng dung mo phong ANSY'S
Fluent. M6t trong nhirng tmg dung ndi bat d6 1a dung mo phong dé t6i uu bién dang
canh nang (airfoil).

o Cong nghiép sin xudt 6 to:

Ttr viéc mod phong phan tmg ddt chay trong dong co dén mé phong luc can tai vo
xe, ANSYS Fluent déng gép mdt phan rat 1on trong nghién ciru va phat trién ciia cac
hang xe noi tiéng nhu: Mercedes, Tesla, hay BMW.

o (Cong nghiép xdy dung:

Mo phong danh gia cac chi so tién nghi trong va ngoai tda nha. Mo phong va tbi
ru hoa hé thdng sudi 4m (heating), thong gié (ventilation), va diéu hoa khong khi (air
conditioning) — HVAC, va hé théng lam lanh.

o H¢ thong cong nghiép héa chdt va dau khi:

Mo phong thiét bi phan tng (khudy tron CSTR, ting sbi, cOt sui bot — bubble
column, v.v), thap chung cét, thap hép thu, hé théng 6ng ndi, hay h¢ théng ndi hoi tan
dung nhiét.

e Thiét bi cong nghiép:


https://cfdways.com/vi/mo-phong-cfd-trong-linh-vuc-hvac/
https://cfdways.com/vi/du-an/thap-hap-thu-co2/
https://cfdways.com/vi/linh-vuc-hoat-dong/thiet-bi-cong-nghiep/
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Bom, quat, may nén, tua bin, va cac thiét bi phan tach ly tam (cyclone), phan tach
pha, trao d6i nhiét.
o Céng nghé y sinh va dwoc pham:
Thiét ké cac thiét bi vi dong chay (microfluidics), vi khudy tron (micromixing),
mo phong dong chay trong mach mau.
o Thoi tiét va khi hdu:
Mo hinh phong doan thoi tiét va thién tai.
e Hang hai va dong tau:

Mo hinh trong tac gifta song va trng suat vo tau, mo hinh phéng doan lyc can vé

tau.

1.2. Lich si¢ phdt trién ciia ANSYS Fluent

ANSYS Fluent ¢6 lich sir hon 40 nam phat trién:

Niam 1980: Fluent Inc. phat trién mot trong nhitng phan mém CFD thwong mai
dau tién.

Néam 2006: ANSY S mua lai Fluent véi gia 1,8 ty USD.

Sau do, phén mém duoc tich hop vao h¢ sinh thai ANSYS va phat trién manh mé& hon.

Hién nay, ANSYS Fluent dugc su dung bdi hon 96% trong 100 cong ty cong
nghiép hang dau thé gidi va trd thanh tiéu chuan trong linh vuc CFD.

1.3. Co s6 Iy thuyét va phwong phdp tinh todn

ANSYS Fluent dya trén viéc giai hé phuong trinh vi phan riéng phan mo ta cac
dinh luat bao toan trong co hoc chit luu, bao gdm:

e Phuong trinh bao toan khéi lugng
op -
—+V.(pv)=0
o FV(PY)
e Phuong trinh bao toan dong lugng (Navier—Stokes)
p(% + V.VV) =-Vp+uV>v+F

e Phuong trinh nang luong

o(pE)
ot

+V.[V(PE +p)] = V.(kVT) +S,

Trong do:

p - khdi luong riéng


https://cfdways.com/vi/du-an/thiet-bi-phan-tach-ly-tam-cyclone/
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v - vector van tde
p - 4p suét
i - do nhéot dong luc hoc
F - luc thé tich
E - tong ning luong
k - hé s6 dan nhiét
T - nhiét 4o
Sh - ngudn nhiét
ANSYS Fluent str dung phuong phap thé tich hiru han (Finite Volume Method —
FVM) dé roi rac hoa cac phuong trinh trén mién tinh toan.
1.4. Cac tinh nang chinh cia ANSYS Fluent
1.4.1. Bo giai (Solver) manh mé
ANSYS Fluent c6 kha ning giai rat linh hoat:
e Solver dua trén ap suit va mat do
e Mo phong 6n dinh (steady) va khong 6n dinh (transient)
e Dong nén dugc va khong nén dugce
e Dong tang va dong réi
1.4.2. Kha nang chia luoi (Meshing)
Phan mém hd tro:
e Ludico clu tric va khong ciu trac
e Ludi polyhedral tang do chinh xac
e Ludi dong cho bién chuyén dong
e Tinh chinh ludi thich nghi
1.4.3. M6 hinh nhiéu loan (Turbulence Modeling)
Bao gdom nhié¢u md hinh noi tiéng:
o k-¢
e k-o
e LES (Large Eddy Simulation)
e RSM (Reynolds Stress Model)
e DES (Detached Eddy Simulation)
1.4.4. Dong da pha va truyén nhiét
ANSYS Fluent c6 thé mé phong:
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e Tuong tac giita nhiéu pha (Iong—khi, 16ng—ran)

° Truyén nhiét: dan nhiét, ddi luu, bic xa

e Soi, chuyén pha

e Van chuyén chit va phan tng héa hoc
1.4.5. Hdu xu ly (Post-processing)
Gitp tryc quan hoa két qua:

e Biéu d contour mau

e Dong dong chay (streamlines)

e Animation md phong

e Bao céo va do thi chi tiét

Ngoai ra, phan mém hd trg UDF (User Defined Functions) cho phép ngudi ding
tiy chinh mé hinh theo yéu cau riéng.

1.5. Uu diém va han ché

1.5.1. Uu diém

e Phin mém CFD hang dau thé gisi

e DO chinh xac cao

e Tinh nang da dang

e Tich hop t6t v6i hé sinh thai ANSYS
1.5.2. Han ché

e Yéu cau phan crng manh

e Can kién thic CFD dé sir dung hiéu qua

2. Xay dung md hinh thi nghiém a0 bing phin mém ANSYS Fluent

2.1. Pt vin dé

Mic du dé tai huéng téi cac thiét bi trao doi nhiét noi chung, nhung nghién ctru
nay gidi han ddi twong khao sat & thiét bi trao d6i nhiét dng 16ng ng nhu mot cau hinh
dién hinh. Sy lya chon nay dua trén céc co so hoc thuét sau:

Thir nhat, thiét bi ong 16ng dng ¢ cau tric hinh hoc don gian nhung van bao quat
day du cac co ché truyén nhiét co ban, bao gdm dan nhiét qua vach va ddi luu & hai phia
lwu chat. Do d6, viéc nghién ctru cau hinh nay cho phép phan tich r6 rang mébi quan hé
giira cac thong s van hanh va hiéu qua truyén nhiét ma khéng bi chi phdi bai cac yéu

t6 hinh hoc phtc tap.
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Thur hai, trong khuén khd phén mém ANSYS Fluent, viéc lva chon mot mé hinh
c6 do phuc tap vira phai giup ting do tin cdy cua két qua mé phong, thuan loi cho kiém
tra hoi tu, danh gia doc 1ap ludi va phan tich sai s6. Piéu nay dic biét quan trong khi
muc tiéu cua dé tai 1a xay dung hé théng thi nghiém sb c6 kiém soat.

Thi ba, cach tiép can tap trung vao mot dbi twong dién hinh cho phép dao sau
ban chét vat 1y cta qua trinh truyén nhiét, thay vi khao sat dan trai nhiéu loai thiét bi v6i
muirc d6 phén tich han ché. Cac quy ludt va xu hudng rit ra tir mé hinh nay c6 thé duoc
stt dung 1am co s& tham chiéu cho cac thiét bj trao d6i nhiét khac c6 nguyén 1y hoat
dong tuong tu.

Tu céc 1ap luan trén, viéc lya chon thiét bi trao ddi nhiét 6ng l@)ng éng trong
nghién ctru nay 13 phit hop vé mat phuong phéap luan, dam bao su cin bang giita tinh
khai quat va do siu phan tich, dong thoi dap tmg muc tiéu xay dyng mo hinh thi nghiém
4o trong moi trudng so.

Dé nghién clru siu ban chét vat 1y ciia qua trinh truyén nhiét cta thiét bi trao d6i
nhiét dng 10ng 6ng, dé tai xay dung 2 mé hinh thi nghiém 4o véi cac thong s6 hinh hoc
khac nhau va khao sat ca 2 huéng chuyén dong cung chiéu, nguoc chiéu ctia moi chat.
O day, moi chat 1a nude nong chay trong dng trong, nudce lanh chay cung chiéu hoic
nguoc chiéu trong khe hinh vanh khin; dng ngoai dugc boc cach nhiét 1y tuéng; dng
trong, ngoai dugc lam bang ddng c6 cac thong sb kich thude nhu hinh sau.
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b) Hai méi chdt chuyén dong nguoc chiéu

Hinh 3.2. M6 hinh thi nghiém ao 1
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b) Hai méi chdt chuyén dong nguoc chiéu
Hinh 3.3. M6 hinh thi nghiém ao 2
Ngoai ra, dé don gian hoa mo hinh thi nghiém 4o, mot sb gia thiét duoc dua ra:
e Dong chay 6n dinh
e Luu chét 1a lién tuc, khoéng nén duoc
e B0 qua buc xa nhiét
e Tinh chat vat Iy cta nudc khong doi
Céc gia thiét nay gitp giam d6 phtc tap nhung van dam bao tinh chinh xac chip
nhan duoc.
Qua trinh truyén nhiét duoc mé ta boi hé phuong trinh:
e Phuong trinh lién tuc (bao toan khdi lugng)
e Phuong trinh dong luong
e Phuong trinh nang luong
Céc phuong trinh nay 13 co s¢ dé mé ta sy phan b van téc va nhiét do trong mién
tinh toan.
2.2. Cdc buwdce xdy dwng mé hinh thi nghiém do bang phan mém ANSYS Fluent
2.2.1. Buoc 1: Xay dung mo hinh hinh hoc (Geometry)
X4y dyng mé hinh hinh hoc 13 budc tao dung "phan xac" cia thiét bi.
e Thuyc hi¢n: Str dung cac cong cu DesignModeler dé v& mé hinh cua thiét

bi.
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e Yéu cau: Can xac dinh rd mién chat luu (6ng trong va ving vanh khuyén)
va mién vat rin (thanh 6ng) nhim mé phong qué trinh truyén nhiét lién
hop. Hinh hoc phai duoc don gian héa hop Iy nhung van giit nguyén céc
kich thudc dac trung, dam bao tinh chinh xac cua bai toan. Ngoai ra, cac
mit bién can duoc dinh danh 16 rang dé thuan tién cho viéc thiét lap diéu
kién bién trong ANSY'S Fluent, dong thoi dam bao tinh lién tuc giira cac
mién dé mo phong chinh x4c qua trinh trao d6i nhiét qua véch..

Do thiét bi trao d6i nhiét éng 16ng 6ng ¢ hinh hoc tru tron va diéu kién bién d6i
xung theo phuong chu vi, cac dai lugng vat ly khong phu thudc vao goc quay. Vi vay,
bai toan ¢ thé dugc don gian héa tir 3D sang 2D d6i xtng truc (axisymmetric) ma van
dam bao d6 chinh xac. Phuong phap nay gitip giam dang ké chi phi tinh toan va thoi
gian mo phong trong ANSYS Fluent.

2.2.2. Budc 2: Chia ludi (Meshing)

Chia nhé mé hinh thanh hang triéu phan tir nho dé may tinh c6 thé giai cac
phuong trinh vi phan tai timg diém.

e Thuc hién: Str dung Fluent Meshing.

e Yéu cau: Ludi tinh toan dugc xdy dung v6i cdu trac phi hgp nham dam
bado dg chinh xé&c va kha nang hoi tu ctia bai toan. Ludi tai cac vung bién
(noi tiép xtc gitta chat luu va vach 6ng) can duoc chia min hon (Inflation
layers) dé tinh toan chinh xac hé sb truyén nhiét d6i luu. Chat luong luéi
can phai dat céc tiéu chi bat budc sau:

- Skewness < 0.85 (t6t nhat < 0.5),
- Orthogonal Quality > 0.2 (tot > 0.5),
- Aspect Ratio khong qué 16n.

Dé loai bé anh hudng cua kich thudce phan tir dén két qua mo phong can phai
kiém tra tinh doc 1ap cua ludi bang cach sau:

e Thuc hién: Tao > 3 muc ludi:
- Tho (coarse)

- Trung binh (medium)
- Min (fine)
e So sanh: Nhiét do dau ra



26
e Kétluan:
Khi sai 1éch giira 2 mirc luéi lién tiép < 1-3% — chon luéi trung binh

2.2.3. Buéc 3: Thiét ldp mé hinh vt 1y (Setup)

Dy 1a budc quan trong nhét, nhdm danh gia anh huéng cua cac thong sb dau vao
dén qua trinh truyén nhiét, dé tai tién hanh x4y dung mot hé théng thi nghiém sé dua
trén cac nguyén tic sau:

e Kiém soat bién sd: tai mdi 1an thi nghi¢m, chi thay ddi mot hodc mot nhom
nhé thong $0, trong khi cic thong sb con lai duoc gift c¢d dinh.

e Tinh hé thong: cac truong hop mé phong duge sap xép theo quy luat rd
rang, tranh lya chon ngau nhién.

e Kha ning lap lai: mdi bai toan co thé tai 1ap véi cung diéu kién dau vao.

e Kha ning so sanh: két qua giita cac truong hop co thé dbi chiéu tryuc tiép
dé rat ra xu hudng.

Cin cir vao diéu kién van hanh thuc té va dé giam chi phi tinh toan thi cac thong
s6 dau vao duoc lua chon dua trén mirc d6 anh huong dén qua trinh truyén nhiét, bao
gom:

e Nhiét d6 ddu vao ctia nudc néng: 50°C > 70°C

e Nhiét do dau vao cta nude lanh: 22°C > 28°C

e Luu luong dau vao cia nudc néng: 2 = 3 lit/phat
e Luu lugng dau vao cua nude lanh: 3 = 5 lit/phut

Trén co so cac thong sb da chon, hé thong thi nghiém sé duoc thiét ké theo dang
ma tran tham s6. Gia st moi thong s6 duoc khao sat tai ba muc (thép — trung binh —
cao), sb lugng case dugc xac dinh theo to hop:

N =n;xXn,x---x n
Trong do:
e 1,13 sb mic cua thong sb thir i
e kla s thong sb khao sat

Nhu vdy ta s€ co: N=n; xnp x n3 X ng=3 x 3 x 3 x 3 =81 case

Tuy nhién, dé giam chi phi tinh toan, nghién ctru 4p dung phuong phap thiét ké
thi nghiém rat gon dua trén nguyén ly tuyén tinh cuc bd va lua chon cac diém dic trung

(goc, canh va trung tim) trong khong gian tham s6. Phwong phéap nay cho phép giam sd
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luong mo phong tir 81 xudng 9 case ma van dam bao do chinh xac chap nhan dugc trong

mién khao sat.

Tu day ta co gia tri cac thong s6 dau vao cua cac mo hinh thi nghiém ao 1 va 2

cho 9 case thé hién & cac bang sau:

Bang 3.1. Hé thong thi nghiém sé ciia mé hinh thi nghiém 1

Nhiét do Nhiét do Luru lrgng Luu lwgng | Van toc dau | Van toc dau
C dau vao ciia | dau vao ciia | dau vao cia | dau vao cia vao cuia vao cia
ase o, . o, , o .
nwoc nong nuwoc lanh nwoc nong nuoc lanh nuwéc nong nuwoc lanh
(K) K (lit/phut) (lit/phut) (m/s) (m/s)
| 323,15 295,15 2,00 3,00 0,1061 0,06217
2 323,15 301,15 2,00 5,00 0,1061 0,10362
3 343,15 295,15 3,00 3,00 0,15915 0,06217
4 343,15 301,15 3,00 5,00 0,15915 0,10362
5 323,15 298,15 2,50 4,00 0,13263 0,08289
6 343,15 298,15 2,50 4,00 0,13263 0,08289
7 333,15 295,15 2,50 4,00 0,13263 0,08289
8 333,15 301,15 2,50 4,00 0,13263 0,08289
9 333,15 298,15 2,50 4,00 0,13263 0,08289
Bang 3.2. Hé thong thi nghiém sé ciia mé hinh thi nghiém 2
Nhi¢tddp | Nhi¢tdd | Luulwgng | Luwulwgng | Vantoc dau | Van toc dau
Case dau vao dau vao dau vao cia | dau vao cia vao cua vao cuia
cia nudc cia nudc nuédc nong nuédc lanh nuédc néng nudc lanh
nong (K) lanh (K) (lit/phut) (lit/phut) (m/s) (m/s)
1 323,15 295,15 2,00 3,00 0,02653 0,00827
2 323,15 301,15 2,00 5,00 0,02653 0,01379
3 343,15 295,15 3,00 3,00 0,03979 0,00827
4 343,15 301,15 3,00 5,00 0,03979 0,01379
5 323,15 298,15 2,50 4,00 0,03316 0,01103
6 343,15 298,15 2,50 4,00 0,03316 0,01103
7 333,15 295,15 2,50 4,00 0,03316 0,01103
8 333,15 301,15 2,50 4,00 0,03316 0,01103
9 333,15 298,15 2,50 4,00 0,03316 0,01103

MGdi t6 hop thong sb trong ma tran twong tmg véi mot truong hop mo phong

(case) dugc thuc hién trén ph?ln mém ANSYS Fluent, Cac bude thiét 1ap mo hinh vat 1y

(Setup) thuc hién cho mdi case bao gom:

e Thiét 1ap Solver: Chon Pressure-Based Solver va Steady-state (trang thai

6n dinh), Ly do 1a dong chay chit 1ong khong nén dugc va bai toan truyén

nhiét 6n dinh,

e Kich hoat nang lugng: Bat phuong trinh nang lugng (Energy Equation),
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Chon mé hinh dong chay: Chon mé hinh dong chay tang vi véi van toc
dau vao ctia nude néng, nudc lanh cua hé thdng thi nghiém sb thi tinh
dugc gia tri Re <2300.
Khai bao vat liéu: Nhap cac thong s6 nhiét vat 1y nhu nhiét dung riéng, hé
s6 dan nhiét, khoi luong riéng cua moi chét lanh, néng va vat liéu lam 6ng
trong, ngoai,
Thiét 1ap mién (Cell Zone Conditions):
Gan:

Fluid — water

Solid — copper
Diéu kién bién (Boundary Conditions):
- Thiét lap diéu kién dau vao: luu luong dau vao, nhiét d6 dau vao cho
nudc nong, lanh theo ting case ctia hé thong thi nghiém s,
- Thiét 1ap diéu kién dau ra: Gauge pressure = 0,
- Thiét 1ap diéu kién khéc:

+ Thanh éng (solid wall): No slip va Coupled

+ Axis (truc ddi xtng): Gan Axis boundary

2.2.4. Budc 4. Giai toan (Solution/Calculation)

Déi voi mdi trudng hop mod phong (case), phan mém sé tién hanh lap (iterations)

dé giai h¢ phuong trinh bao toan khoi luong, dong lugng va nang luong,

Thuc hién:
- Thiét 1ap phuong phap giai (Solution Methods):
+ Pressure-Velocity Coupling: SIMPLEC
+ Spatial Discretization:
] Pressure: Second Order
1 Momentum: Second Order Upwind
1 Energy: Second Order Upwind
Thiét 1ap nay gitip tang do chinh xac,
- Khoi tao (Initialization): Hybrid Initialization
- Thiét 1ap s6 budc lip va tiéu chuan hoi tu (Residuals),
Kiém tra: Theo ddi duong cong hoi tu, Xac dinh da dat dugc céc tiéu chi

hoi tu chua,



29

O day, hoi ty 1a trang thai khi nghiém s6 6n dinh va khong thay d6i dang ké theo

$6 vong 1ap, Va ti€u chi hoi tu dugc danh gia khong chi dua trén gia tri residual ma con

thong qua sy 6n dinh ciia cac dai lugng vat 1y va can bang nang lugng trong hé thong,

cu thé:

Ti€u chi dua trén Residuals

Trong ANSYS Fluent CFD software, theo doi:

Phuwong trinh Ngwong hji tu
Continuity 10~
Momentum 10~

Energy 107°

Tiéu chi vat ly: Theo doi nhiét do dau ra dam bao dat trang thai 6n dinh,
tic 13 gid tri nhiét do dau ra khong thay doi theo iteration (Sai 1éch giita
50—100 iteration cudi nho hon 0,1 — 0,5 °C

Can bang nang luong (Energy balance)

Qhot = Qcold
Véi sai s6 cho phép:
Mirc Sai léch
Chép nhan <5%
Tot <2%
Xuat sdc <1%

2.2.5. Bué6c 5: Xir Iy két qua (Post-processing)

Do6i voi mdi trudong hop mo phong (case), phan mém s& tién hanh trich xuat dit

liéu dé phuc vu cho bao céo va phan tich,

Hinh anh: V& biéu dd vector van tdc, dudng dong (streamlines) va céac
duong déng muc nhiét d (temperature contours),

Dit liéu sd: Xuit gia tri nhi¢t do dau ra cua nude nong, lanh; nhiét lugng
trao ddi cua dong nong va lanh,

Str dung céc gia tri mo phong dugc dé tinh toan:

- Do chénh léch nhiét do trung binh At
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Trong thiét bi trao doi nhiét, nhiét do nudc ndng va lanh déu thay
ddi doc theo bé mit trao doi nhiét, do vay do chénh 1é€ch nhiét do ctia nudc
nong va nudc lanh cling bién ddi theo,
Do chénh l¢ch nhiét d§ trung binh Atcho ca hai truong hop luu
dong cung chiéu va nguoc chiéu duoc xac dinh bang cong thirc:

At, — At,
1n AL
At,

At =

Trong do:
+ Khi hai méi chat chuyén dong nguoc chiéu:
At, =t —t,
At, =t —t,
+ Khi hai méi chat chuyén dong cung chiéu:
At, =t —t,

At, =t —t,

- Hiéu suat cia TBTPN 6ng 1ong 6ng duoc xac dinh theo cong thuc [1] :

Trong do:
+ Q: Luogng nhiét trao ddi cua dong néng va lanh, W

+ Qmax: Lugng nhiét trao doi 16n nhét cia TBTDN bng 1ong dng, W

Quu =(GC,) (t,-1t))

min

Véi: (GC,) =min(G,C,,G,C,,)

min pl?

Gi1, G2 — luu lugng khdi lugng ctia moi chét nong va lanh, kg/s;
Cp1, Cp2— nhiét dung riéng khéi luong dang ap cia moi chat nong va lanh, J/kg K.
3. Chay thir nghiém
Trén co s hé thong thi nghiém s da thiét ké, cac kich ban thi nghiém s duoc
xac 1ap nhu sau:
e MSJi t6 hop thong s6 dau vao twong img v4i mot kich ban

e Céc kich ban duoc sip xép theo thir tir bién thién cua thong sb
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e Dam bao bao phu toan bd mién khao sat
Viéc t chirc nay cho phép:

e Theo ddi anh hudng cua timg thong sb

e Phan tich tuong tac gitta cac thong s6
Sau ddy trinh bay chay thu nghiém Case 1 cho mé hinh thi nghiém do 1 o

truwong hop moi chit néng, lanh chuyén dong ngwoc chiéu:

Thong sb dau vao:

e Nhiét do dau vao cia nude nong: 323,15°K

e Nhiét do dau vao cia nude lanh: 295,15°K

e Van toc dau vao cta nudc nong: 0,1061 m/s

e Van toc dau vao caa nudce lanh: 0,06217 m/s

Buoc 1: Xdy dung mo hinh hinh hoc (Geometry)

@ A Case 1 - DesignModeler & X
Fie Create | Concept Tools Units View Help

2HE & seect| %y - | f0|@ SHRABRGQEQ KA @ M

W W 4 S fr A~ fim A5

* v e Skt v £33 Genente QShare Topology [ Parameners

Bectrde gRecke QSweep § Skin/lott || Thin/Suface QpBlend = & Chamfer @Sice || @Pint I Converion

Sketching Toslboce: s

i
ne wn
e wnio
e i ®
e iz
uine ini3 ;
= paints 3
Fom Ce)
ram

e 000 3000 £00.00 fmm)
o | | |
180,00 450,00
Q Feady = MNo Selecticn Millimeter Degree ] 0
a 1 I
t a4
S
I ——
0.00 30.00 0.00 (i)
I s 00
15.00 45,00

Hinh 3.4. Vé mo hinh hinh hoc (Geometry)
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= Jg A: Case 1
[E]-o = XYPlane
-l (@ Sketchl
vy ZXPlane
ey YZPlane
Bl e SurfaceSk1
- L., Sketch
-y [] FaceSplitl
oy 88 SurfFromFacest
..... + & SurfFromFaces2
"y §2 SurfFromFaces3
...... & SurfFromFaces4
=% 1Part, 5 Bodies
[_::./‘2 Part
.-y B Surface Body
] Hot Fluid
1] Cold Fluid
« &3 Inner Pipe
~, &) Outer Pipe
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Details View
= Details of Sketchi ~
Sketeh Sketeh
Sketch Visibility Show Sketch
Show Constraints? Mo
E|. Dimensions: 5
| HI 12000 mm
V2 23 mm
V3 10 mm
V4 2 mm
V5 g mm

Hinh 3.5. Théng s6 mé hinh hinh hoc va ddt tén ving (Named Selections)

Buorce 2: Chia luoi (Meshing)

Outline n
| Filter:  Mame -

11 H el gl

Project

= @ Medel (A3, B3, C3, D3, E3, F3, G3, H3, I3)
- M Geometry
b AR Materials
[k Coordinate Systems
- {81 Connections
= &8 Mesh
| 7 in e ifistion
[l A% Inflation 2
= @ Named Selections
M0 Hotinlet
i M0 Cold Inlet
weu o [E) Hot Outlet
w01 Cold Outlet
----- L1 Hot Fluid
------ 01 Cold Fuid
- » [D Inner Pipe
----- /[ Outer Pipe
B s

Details of "Mesh"
-l| Display

Display Style Use Geometry Setting
= Defaults )

Physics Preference CFD

Solver Preference Fluent

Element Order -Linear

Element Size 0.8 mm
Export Format Standard

Export Preview Surface Mesh Mo

#| Sizing
+| | Quality
#| Inflation

+|| Advanced
= Statistics

|| Assembly Meshing

Modes
Elements

135062
132508

Hinh 3.6. Thiét lgp tong thé luéi (Global Mesh Settings)
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Details of "Inflation” - Inflation B Details of "Inflation 27 - Inflation n
=l| Scope || Scope
Scoping Method Geometry Selection Scoping Method Geometry 5election
Geometry 1 Face Geometry 1 Face
=l| Definition =I| Definition
Suppressed Mo Suppressed Mo
Boundary Scoping Method | Geometry Selection Boundary Scoping Method | Geometry Selection
Boundary 1Edge Boundary 1Edge
Inflation Option First Layer Thickness Inflation Option First Layer Thickness
First Layer Height 4,002 mm First Layer Height 4.2-002 mm
Maximum Layers 15 Maximum Layers 15
Growth Rate 1.2 Growth Rate 1.2
Inflation Algerithm Pre Inflation Algerithm Fre
\ . ’. N
Hinh 3.7. Chia luci theo ving (Local Mesh Control)
K@ 43, B3, €3, 03, E3, F3, 63 H3, I: Case 1 - Meshing (ANSYS AUTODYN PrepPest] ~ - o x
e Bk View Unis Toots Hilp || 15 4 | 5 Genentebon 1 6 ) @< WY TH L-RERERB®| S-S QR QEReE 0 Fas |0
1 Show Vertices  §5i Close Vetiees 2, 14 @Qwirerame | OpshowMesh -k B Random @ Preferences | L, 1. [, 1. | rSize v B Location = [@Conver v O Miscellanecus » @ Tolerances
5 Clipbosrd ~ [Empty]
2 DeReset Explode Factor  f—————————" siemiy Center ~ || MEdgeColoring » A+ A~ A~ A+ A~ A | HThicken
Prject
Outine 9
P e -
B2t 88
& Project
= G Model (A3, B3, C3, D3, £3,£3,G3, W3, 13)
B /B Geomatry
A materais
Bk Coordinate Systems
|l Comectone
7 Vg:’?w«m
| o infistion 2
B HHH A - A HHHH
’ﬁ::::; T TITTIT i Tt [
! T T T T T 1T T
D) ot Outlet T T T T T T
Y EEmEE HHH EEEEEEEEE e EEE EE
/D) rotFud T IEEEEN] IEEEEEN Il 11T IEEEEN]
D Cold Plid I T L - T T T
/D twer e EEmEEm ! EmmEmaa! T EEmmmma! Emmmmat
T Cuter Fipe. HHEHHH HEHH HHH I e —" I
s
s ot rjec s : : :
S T I i
suoieet - L !
First Saned Thursday, March 19, 2026 1 I 1
Tost Soved Wednesday, May 6, 3026 I 1 I L4
Product Version 152 Release
- oo D Masgeset .
S o St o
e
[ ==
o T 0.000 15,000 fﬂ‘ﬂ:ﬂ[mm]
FEEE R 7500 2250
rint P A review,
8 3 Messages o Selection Metric (mm, kg, N, 5, m¥, ma) Degrees rad/s Celsius.

Hinh 3.

8. Generate Mesh

Outline hs
Outer Pipe
| Filter:  Name 2 SfﬁfZEEEFEI:IG P
2P B el gl
Progect [ Hot inlet
= Model (A3, B3, C3, D3, E3, F3, G3, H3, I3) . Cold Outlet
® «@_ Geometry [B tnner Pipe
A% Materials [Bl Outer Pipe

_/)-f;\ Coordinate Systems

------ 48 nflation 2
@ Named Selections
1B Hotinlet
w0 Cold Inlet
-[E1 Hot Cutlet
01 Cold Outlet

Hinh 3.9. Thiét ldp ché dp chuyén dong nguwoc chiéu
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Mesh
Skewness
S/6f2026 818 PM

0.56344 Max
0.50083
043823
0.37563
031302
0.25042
018731
012521
0.062604

1.3057e-10 Min

Mesh

1 Max

0.98551
0.97102
0.95653
084204
0.92755
0.91306
0.80857
0.88408

Orthogonal Quality
5/6/2026 30 PM

0.86959 Min

Mesh
Aspect Ratio
5/6/2026 8:40 PM

20 Max

17,889

15.778

13.667

11,556

0.4444

7.3373

5.2222

2111

1 Min

Hinh 3.10. Kiém tra chat heong liwdi
Bdng 3.3. Kiém tra tinh déc Idp cua luéi
) ‘ Nhiét dp Sai s6 Sai s6
So Nhiét d§ dau ra . , ,
. dau ra cia | twong doi twong doi
Murc lwéi | phan | cua nuwdc nong
nuoéc lanh ctia Thout cuaa Teout
tur Th,out (K)
Te,out (K) (%) (%)
Tho 60 000 317,207 296,135 0,856 0,551
Trung binh | 130 000 319,343 297,625 0,188 0,05

Min 200 000 319,945 297,775 0 0
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BueGe 3: Thiét lgp mé hinh vt 1y (Setup)

Task Page ®
B3 Fluent Launcher (Setting Edit Only) - O s General
Mesh
Fluent Launcher | Scale... H Check || Report Quality
Dirnersion Opliors
2D Double Precision Solver
10 D Use Job Seheduler Type Velocity Formulation
D Use Remote Linw Modes ® Pressure-Based & Ahsolute
Display Options Density-Based ! Relative
Display Mesh After Reading Processing Opfions
Wotkbanch l:u.h:!r Scheme . () Serial . Time 20 Space
[ Do net show this panel again (® Parallel [Local Maching)
S nlvet ® Steady Flanar
ACT Option Processes Transient ®) Axisymmetric
I:‘ Load ACT 4 T& 1 Axisymmetric Swirl
GPGEPUs per Machine
| Mo o
Show Maore Options Gravitational Acceleration
X (m/s2) 0 7]
¥ (m/sz) -9.81 [l
Cancel Help  ~ 2(risn) o o
Hinh 3.11. Thiet lgp Solver
Tree Viscous Model X
Filter Text
* @ setup - Model
E General iscid
* B Models Tnvisci

B8 Multiphase (Off)
B Energy (On)

B9 Radiation (Off)

B sSpecies (Off)

BS Acoustics (Off)

» &5 Materials
~ & Fluid
air
& water-liquid
- & solid
& aluminum
& copper

& inner_pipe (solid,

B8 Heat Exchanger (Off)

v B9 Discrete Phase (Off)
B Solidification & Melting (Off)

B9 Electric Potential (Off)

= @ Cell Zone Conditions
cold_fluid (fluid, id=8)
hot_fluid (fluid, id=7)

outer_pipe (solid,

id=9)
id=10]

Laminar
Spalart-allmaras (1 eqn)

) k-epsilon (2 eqn)

k-omega (2 egn)

Transition k-kl-omega (3 eqn)
Transition SST (4 eqn)
Reynolds Stress (5 eqn)

) Scale-Adaptive Simulation (SAS)

Detached Eddy Simulation (DES)

Options

Viscous Heating
Low-Pressure Boundary Slip

Energy

+| Energy Equation

Cancel

Help

Hinh 3.12. Thiét ldp mé hinh vt Iy va kich hoat phwong trinh ndng lwong
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Create/Edit Materials pd
Order Materials by
Name Material Type ® Name
wiater-liquid [fuid -l ) Chemical Formula
Chemical Formula Fluent Fluid Materials
|h20<Il> [water-[iquid (h2o<l>) j [ Fluent Databass... |
[.;i.:.:.-_-: J | User-Defined Database... |
Properties
Density[log,l’mB)|cnns‘tant j Edit -
998.2
Cp (Specific Heat) (3/kg-k) | constant -] m
4182
Thermal Condudtivity (wr‘m-k)| constant j
0.6
Viscosity (I-cgfm-s}|cnn5‘tant j| Edit. | -
Change/Create ] | Delete | @ | Help |
Create/Edit Materials e

Mame

copper

Chemical Formula
cu

Properties

Material Type

Order Materials by

| solid

_l ® Name
) Chemical Formula

Fluent Solid Materials

|copper (eu)

Lll Fluent Database... |

B | user-Defined Database... |

Density [kgfm3)| constant

8978

Cp (Specific Heat) (j/kg-k)| constant

381

Thermal Conductivity (w,fm—k)| constant

387.6
[Change;’creaze| [Deletel |Help|
Hinh 3.13. Chon vat lieu cho moi chdt va ong trao doi nhiét
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}- uid P l— uid <
Zone Name Zone Name
|hot_fluid | I |cotd_fuid
Material Name | water-liquid LI Material Name | water-liquid ;l
Frame Motion Source Terms Frame Motion Source Terms
Mesh Motion Fixed Values Mesh Motion Fixed Values
Porous Zone Porous Zone
. Reference Frame | Mash Maotion Porous Zone 3D Fan Zone Embedded L Reference Frame | Mesh Motion Porous Zone 3D Fan Zone Embedded LE
4 » - 3
[ (o] ree] [ [coe] [
i i
8o X ‘ & solid X
Zone Name Zone Name
linner_pipe ||| |outer_pipe |
Material Name | copper ;l ™ Material Name | copper Ll
Frame Motion Source Terms | Frame Motion Source Terms
Mesh Motion Fixed Values Mesh Motion Fixed Values
Reference Frame | Mesh Motion Source Terms Fixed Values Reference Frame Mesh Motion Source Terms Fixed Values
B [coce] e B [coe] roe]
A

Hinh 3.14. Thiét ldp mién (Cell Zone Conditions)

* Thiet lap cdc diéu kién bién

J< Boundary Conditions

i: C0|d~ll Edit"‘ l2)

': cold_¢ _opYy.. id=14)

': hot_in "

i: hot_ot Type ¥ v axis
interic  pisplay exhaust-fan
interic ) AR
i teri Add to graphics inlet-vent
fn er!c intake-fan
interic  £y.n2n4 Al '
walletk . interface

Collapse Al :

Wa"'cbou_u\nu WO e mass'ﬂOW‘"“et

wall-cold_fluid-outer_pipe (\ mass-flow-outlet
wall-cold_fluid-outer_pipe-s  4utflow

wall-hot_fluid-inner_pipe (w:
wall-hot_fluid-inner_pipe-sh
wall-inner_pipe (wall, id=20;
wall-outer_pipe (wall, id=17  pressure-far-field

outlet-vent
overset

NENENENNERYYY

Hinh 3.15. Thiét ldp truc doi xitng
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Velocity Inlet

Zone Mame
cold_inlet

Momentum | Thermal =~ Radiation Species DPM Multiphase = Potentia

Velocity Specification Methnd| Magnitude, Normal to Boundary

Reference Frame| Absolute

Velocity Magnitude (m/s) 0.06217 | constant

Supersonic/Initial Gauge Pressure (pascal) 0 |cunstnnt

Le JLedledle]

m CEm:eI| |Help

Velocity Inlet v
Zone Mame

cold_inlet

Momentum | Thermal Radiation Species DER Multiphase Potentia DS
Temperature (k) 295.15 constant j
m CEnceI| |Help
Hinh 3.16. Thiét ldp van toc, nhiét dé dau vao cia nudce lanh

ﬂ Pressure Outlet 4

Zone Name

cold_outlet

Momentum Thermal Radiatior Species DFM Multiphasa Potentia

UDs

Backilow Reference Frarne| Absolute

Gauge Fressure (pascal) 0 constant

Pressure Profile Multiplier |1

Backflow Direction Specification Methnd| Mormal to Boundary

Backflow Pressure Specuﬂcaunn|TntaI Pressure
Average Pressure Specification

Target Mass Flow Rate

B [ce] o]

Ll =Ll

Hinh 3.17. Thiét ldp dp sudt dau ra ciia nwde lanh
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Velocity Inlet 4

Zone Name
hot_inlet

Momentum | Thermal Radiation Species DPM Multiphase | Potentia DS

Velocity Specification Methndlmagnimde, Normal to Boundary

-
Reference Fra me[ﬂhsnlute ;l
M
-

Velocity Magnitude (m/s) |0.1061 |cnn5tant
Supersonic/Initial Gauge Pressure (pascal) |0 |::I::n5tanl:
Cancel | | Help
Velocity Inlet X
Zone Name
'hat_inlet |
Momentum = Thermal = Radiation Species DEM Multivhase | Potentia -
Temperature (k) 323.15 constant j
Cancel | | Help
Hinh 3.18. Thiét lgp vadn toc, nhiét do dau vao cua nuwdc nong
E Pressure Outlet >
Zone Name
hot_outlet
Momenturm Thermal Fadiatior Species DPM Multiphase Potentia UDs

Backflow Reference Frarne| Absolute

Gauge Pressure (pascal) 0 constant

Pressure Profile Multiplier |1

Backflow Direction Specification Methm:l| Normal to Boundary

Ll @ Ll

Backflow Pressure Spenﬂcaunn| Total Pressure
Average Pressure Specification

Target Mass Flow Rate

B [cre] e

Hinh 3.19. Thiét ldp dp sudt dau ra ciia nude néng
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Wall

Zone Name
wall-cold_fluid-inner_pipe
Adjacent Cell Zone
cold_fluid

Shadow Face Zone

wall-cold_fluid-inner_pipe-shadow

Momentum Thermal Rad

atio Species DFN
Wall Motion Maotion

® Stationary Wall 7| Relative to Adiacent Cell Zone
Maving Wall

Shear Condition

& No Slip
Specified Shear
Specularit nefficient

Marangoni Stress

Wall Roughness

1
-
]
3
]
¥
il
o
L
=]
ol

B o=

Zone Name
wall-cold_fluid-inner_pipe
Adjacent Cell Zone
cold_fluid

Shadow Face Zone

wall-cold_fluid-inner_pipe-shadow

Momentum Thermal Radiatio Species D ultiphasa UDS
Thermal Conditions
Heat Flux Wall Thickness (m) |0
Temperature Heat Generation Rate (w/m3) 0
e Coupled

Material Name

copper 7]

B (e oo

| constant

L@

Hinh 3.20. Thiét ldp diéu kién bién ong trong phia nuwée lanh (Wall Boundary Conditions)
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Wall

Zone Name
wall-cold_fluid-outer_pipe
Adjacent Cell Zone
|outer_pipe

Shadow Face Zone

|wall-cold_fluid-outer_pipe-shadow
Momentum Thermal Radiatic DPM Multiphase

Thermal Conditions

® Heat Flux Heat Flux (w/m2) 0 [constant LI
Temperature Wall Thickness (m) 0 E]
Coupled Heat Generation Rate (w/m3) 0 [constant ;I

Material Name

S <] [Eat...]

B o=

Hinh 3.21. Thiét lgp diéu kién bién ong ngoai phia nueéc lanh (Wall Boundary Conditions)
Wall

Zone Name

s

wall-hot_fluid-inner_pipe
Adjacent Cell Zone
hot_fluid

Shadow Face Zone

wall-hot_fluid-inner_pipe-shadow

Momentum | Thermal Radiatior Spec

Wall Motion Muotion

® Stationary Wall V| Relative to Adjacent Cell Zone
Moving Wall

Shear Condition

® No Slip
Specified Shear
Specularity Coefficient

Marangeni Stress

Wall Roughness

Roughness Height (m) |0 | ———

ERYER

oughness Const :i.':l}.S |'r 1stant

W8 | Cancel | | Help
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Wall

Zone Name
wall-hot_fluid-inner_pipe
Adjacent Cell Zone
hot_fluid

Shadow Face Zone

wall-hot_fluid-inner_pipe-shadow

Momentum Thermal

Thermal Conditions

Heat Flux
Temperature
@ Coupled
Material Name
copper

Wall Thickness (m) |0

Heat Generation Rate (w/m3) 0 ]CDnSIEInt

] [eor..]

[ e o]

Hinh 3.22. Thiét ldp diéu kién bién ong trong phia nwée néng (Wall Boundary Conditions)

Buoc 4: Giai toan (Solution/Calculation)

Solution Methods Solution Controls
PTESSLIFE"VEWC{'W Cgup”ng Under-Relaxation Factors
Scheme Pressure
SIMPLE ~| 0.3
Spatial Discretization Density
Gradient 1
|Least Squares Cell Based j
Body Forces
Pressure
|Second Order j 1
Momentum Momentum
|Secunti Order Upwind j 0.7
Energy Energy
|Sec0nd Order Upwind j
0.95

Warped-Face Gradient Correction

Default
High Order Term Relaxation -

|Equaunn5,,||Lhﬂns”.‘|hdvancedw

Hinh 3.23. Thiét ldp phwong phdp gidi
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Residual Monitors P
Options Equations
¥ Print to Console |Residual M%Iitﬂl‘ Check ::'Elnvergenca Absolute Criteria -
continui v v le-05
v Flot Y ! |
Window \x-velocity i v 1e-06 |
= | Curves... H AXES... | y-velocity W le-06 |
\energy W 1le-08 |
Rerations to Flot g
1000 = Residual Values Convergence Criterion
| Normalize Tterations |ahsulule ll
Tterations to Store 5 [=
| 1000 - Srale Convergence Conditions... ‘
[ | Campute Local Seale
| Plot | | Renormalize | | Cancel | | Help |
e
Hinh 3.24. Thiet lap tiéu chuan hoi tu va theo doi sai so (Residual Monitors)
Task Page
Solution Initiafization

Initialization Methods
(e Hybrid Initialization
() standard Initialization

More Settings...

ENLE

I NC]

&
Reset DFM Sources‘ ‘ Reset Stahstlc‘;l Q
A
i
i
] 0.5(=)
Console

Checking case topology...

-This case has both inlets & outlets

-Pressure information is not available at the boundaries.
Case will ke initialized with constant pressure

icer scalar-0

.000000e+00
. 654658e-07
+851108e=-08
. T67749e-09
+627192e-10
.741235e-11
428226e-12
+176160e-13
.183984e-13
+171181le-14

Hybrid initialization is done.

o —

[ I - N T X S
L R N e

[=}

Hinh 3.25. Khoi tao (Initialization)



Task Page ® Scaled Residuals

-
Run Calculation -
ES
|cner.k Case... ‘ ‘ Update Dynamic Mesh.‘.l v
Options @
|| Data Sempling for Steady Statistics =
Sampling Tnterval 2
[x =| | sampling Options.
Rerations Sampled [0 | @
Y Calculste pe
Number of Tterations Reporting Interval 1, e
1000 BIR 2] .
Profile Update Interval L E—
F— 2
v
|Du|.a File Quantities... | [Auou:uu Slgnd\:u.l
o 200 400 800 200 1000 1200
Iterations
Console I
iter continuity x-velocity y-velocity enezgy time/iver

1077 9.4643e-0%4 1.4185¢-05 4.1638e-08 1.5139e-07 0:00:16 923
1078 ©.2615e-04 1.41€1e-05 4.1428e-08 1.5129e-07 0:00:13 922
1079 ©.1463e-04 1.41256-05 4.1275e-08 1.5119e-07 0:00:11 921
1080 9.1102e-04 1.40882-05 4.1236=-08 1.5109e-07 0:00:08 920
1081 9.1192e-04 1.4052e-05 4.1200e-08 1.5099e-07 0:03:11 919
1082 %.1515e-04 1.4016=-05 4.1161e-08 1.508%e-07 0:02:32 913
1083 9.22708-04 1.39812-05 4.11392-08 1,5079s-07 0:02:02 917
1084 5.1185e-04 1.3965e-05 4.1235e-08 1.508%e-07 0:01:37 916
1085 8.9929¢-04 1.3936e-05 4.1123¢-08 1.5059e-07 0:01:18 915
1086 9.0640e-04 1.3859e-05 4.0955e-08 1.5049e-07 0:01:02 9§14
1087 ©.101le-04 1.33632-05 4.0952e-08 1.5039e-07 0:00:50 913

iter concinuiry x-velseity y-veloeity enexgy time/iter
1088 ©.0945¢-04 1.38282-05 4.0514e-08 1.5029e-07 0:00:40 912

1089 9.0055e-04 1.3792e-05 4.087¢e-08 1.5019e-07 0:00:32 911

1080 £.0455e-04 1.3757e-05 4.0865¢-08 1.500%e-07 0:00:25 10 Activate Windo
1051 9,1989e-0% 1,3722¢-05 9.0869e-08 1,9999%e-07 0:00:20 909 b

1082 5.2622e-04 1.3720e-05 4.1135e-08 1.458%e-07 0:00:16 908 Go to Settings to a 5;
1083 9.1141e-0% 1.3701¢-05 4.0951e-08 1.4980e-07 0:00:13 907 q

5 G

Hinh 3.26. Thiét ldp s6 budc lip

Scaled Residuals

CHBORE ]

[N CI AN

3

0 1000 2000 3000 4000 5000 6000 7000 2000
lterations
Console
7861 1.0185e-10 1.516%e-13 2.3292e-14 1,0013e-08 0:01:45 1139 -

7862 1.0147e-10 1.5252e-13 2.3287e-14 1.0009e-08 0:01:24 1138

iter continuity x-veloeity y-velocity energy time/iter
7863 1.0121e-10 1.532%=-13 2.3275e-14 1.0006e-0& 0:01:07 1137 ~
7864 1.0080e-10 1.5403e-13 2.3278e-14 1,0002e-08 0:00:53 1136
7865 solution is converged
7865 1.0036e-10 1.547le-13 2.3282e-14 9.9983e-09 0:00:43 1135
Writing data to E:\SON\202é\Data Unity\L =2m - Ong nho\Nguoc chisu\Nguoc chieu files\dpO\FFF\Fluent\FFF.ip ...

E-coord

y=coord

pressure

x-velocity

y-velocitcy

temperature

nyb_inic-0

byb_init-l Activate Windows
Done .

Go to Setii

Calculation complete.

Hinh 3.27. Kiém tra héi tu dwa trén Residuals
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Surface Report Definition =
Name Report Type

nhiet-do-dau-ra-nuoc-nong |Mass—Weighted Average LI
Options Custom Vectors

Per Surface

Average Over
1 =

Field Variable
EI |Temperature...

~|
| Static Temperature LI
=]

Report Files [0/0] EI

Surfaces |Filter Text =

* Axis
axis
Report Plots [0/0] * Inlet et
cold_inle
hot_inlet
= Internal

interior-cold_fluid
interior-hot_fluid
interior-inner_pipe

Create interior-outer_pipe
) = Outlet
| Report File
+ | Report Plot hot_outlet
- = Wwall
Frequency | 1 - wall-cold_fluid-inner_pipe
| Print to Console wall-cold_fluid-inner_pipe-shadow -

+| Create Output Farameter
m | Computel |Cano&| | [He[p |

& surface Report Definition =
Name Report Type
nhiet-do-dau-ra-nuoc-lanh |Mass-weighted Average j
Options Custom Vectors
Jectors of
Per Surface | J
Average Over Custom Vectors...
1 -
Field variable
Report Files [0/1] EI EI |Tem|:|9rature.., j
nhiet-do-dau-ra-nuoc-nong-rfile | Static Temperature j
Surfaces |Filter Text EI
*  Axis -
axis
Report Plots [0/1] = = Inlet
HEHE
nhiet-do-dau-ra-nuoc-nong-rplot hat_inlet
* Internal
interior-cald_fluid
interior-haot_fluid
interior-inner_pipe
Create interior-outer_pipe
) = Outlet
| Report File cold_outlet
+| Report Plot hot_outlet
o = Wall
Frequency | 1 - wall-cold_fluid-inner_pipe
| Print to Console wall-cold_fluid-inner_pipe-shadow -

v | Create Qutput Parameter
[Cnmpute | | Cancel | | Help |

Hinh 3.28. Tao Report Definition dé theo doi nhiét do dau ra nuée nong, nuwoc lanh
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Scaled Residuals t-hot-out-rplot t-cold-out-rplot

%]

+
i+

»

[+

SRRy

temperatu
(k)

4

L1
n Information x
0 :
Calculation complete. 2980000 —t T T u - T T T +
[ 1000 2000 3000 4000 5000 6000 7000 2000
iteration
oo |
Console

oy

o o wr
7848 1.0767e-10 1.4870e-13 2.4182e-14 1.0060e-08 3.1934e+02 2.9763e+02
7849 1.0734e-10 1.4812e=13 2.4085e-14 1.0056e-08 3.1934e+02 2.9763e+02
7850 1.0655e-10 1.4763e-13 2.39%64e-14 1.0053e-08 3.1934e+02 2.95763e+02
7851 1.0652e-10 1.4724e-13 2.3860e-14 1.,0049%e-08 3.1934e+02 2.9763e402
7852 1.0608e-10 1.46%8e-13 2.3750e-14 1.0045e-08 3.1934e+02 2.9763e+02
7853 1.0549e-10 1.4682e-13 2.3655e-14 1.0042e—08 3.1934e+02 2.97€3e+02
7854 1.0494e-10 1.468le=13 2.3575e=14 1.0038e-08 3.1934e+02 2.97€3e+02
7855 1.0445e-10 1.470le-13 2.3452e-14 1.0035e-08 3.1934e+02 2.95763e+02
7856 1.0392e-10 1,4744e-13 2.3427e-14 1,003le-08 3.1934e+02 2.9763e+02
7857 1.0345e-10 1.4813e-13 2.3386e-14 1.0027e-08 3.1934e+02 2.9763e+02
7858 1.0304e-10 1.450le-13 2.3348e-14 1.0024e-08 3.1934e+02 2.97€3e+02

S— - oo

iter continuicty =x-velocity y-velocicy EnSrgy t-hot—out t-cold-out
7858 1.0257e=10 1,49%%2e-13 2.331l7e-14 1,0020e-08 3.1934e+02 2,9763e+02
7860 1.0216e-10 1.5082e-13 2.3305e-14 1,0016e-08 3.1934e+02 2.9763e+02
7861 1.0185e-10 1.516%e-13 2.3202e-14 1.0013e-08 3.1934e+02 2.9763e+02

7862 1.0147e-10 1,5252e-13 2.3287e-14 1.0009e-08 3.1934e+02 2.9763e+02 Activate Windows

7863 1.0121e-10 1,53292-13 2.3275e-14 1.00062-08 3.1934e+02 2.9763e+02 Go 1o Se ate
7864 1.0080e=10 1,5403e-13 2.3278e-14 1,0002e-08 3.1934e+02 2,9763e+02 -
! 7865 solution is converged -
— [u ] Scaled Residuals ® = t-hot-out-rplot ® t-cold-out-rplat .
]
e
()
v
/ ; . .
A temperature 200.0000
(k)
T 282.0000
n Infermation x
298.0000
o o Caleulation complete. 2970000 —+ r T - ™ T T T 3
[+ 1000 2000 3000 4000 £000 8000 To00 2000
iteration
.
Console

T B A oy GG

7848 1.0767e-10 1.48702-13 2.4182e-14 1.00602-08 3.1934e+02 2.9763e+02
7849 1.0734e-10 1.4812e-13 2.4065e-14 1.,0056e-08 3.15349e+02 2.9763e+02
T850 1.0695e-10 1.476€3e2-13 2.3%64e-14 1.0053e-08 3.1934e+02 2.9763e+02
7851 1.0652e-10 1.4724e-13 2.3860e-14 1.004%e-08 3.1934e+02 2.9763e+02
7852 1.0608e-10 1.46%8e-13 2.3750e-14 1,0045e-08 3.1934e+02 2.9763e+02
7853 1.054%e-10 1.46822-13 2.3655e-14 1.0042e-08 3.1934e+02 2.9763e+02
7854 1.0494e-10 1.468le-13 2.3575e-14 1,0038e-08 3.1934e+02 2.9763e+02 0:08:43 6246
7855 1.0445e-10 1.4701e-13 2.3492e-14 1.0035e-08 3.19342+02 2.9763e+02 0:06:59 6245
7856 1.0392e-10 1.4744e-13 2.3427e-14 1,0031le-08 3.1934e+02 2.9763e+02 0:26:24 6244
7857 1.0345e-10 1.4813e-13 2.3386e-14 1.0027e-08 3.1934e+02 2.9763e+02 0:21:07 £243
7858 1.0304e-10 1.49%01=-13 2.3348e-14 1.0024=-08 3.1934e+02 2.9763e+02 0:16:53 6242

iter continuity x-velocity y-velocity ENergy t-hot-out t-cold-out time/iter
7859 1.0257e-10 1.4952e-13 2,.3317e-14 1,0020e-08 3.1934e+02 2.9763e+02 0:13:30 6241
T860 1.0216e-10 1.5082e-13 2.3305e-14 1.0016e-08 3.1934e+02 2.9763e+02 0:10:48 6240
T8€l 1.0185e-10 1.51692-13 2.3292e-14 1.0013e-08 3.1934e+02 2.9763e+02 0:08:30 £239
7862 1.0147e-10 1.5252e-13 2.3287e-14 1.000%e-08 3.1934e+02 2.9763e+02 0:06:55 6238

T8E3 1.0121e-10 1.53292-13 2.3275e-14 1.00062-08 3.1934e+02 2.9763e+02 6237 Js.
7864 1.0080e=10 1,5403e=13 2.3278e-14 1,0002e-08B 3.1934e+02 2,9763e+02 6236
! 7865 solution is converged -]

Hinh 3.29. Kiém tra hoi ty theo tiéu chi vat Iy
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B Flux Reports

Options Boundaries |Filter Text |§| Results
FY

() Mass Flow Rate

axis
[ Total Heat Transfer Rate cold jnlet 0.04991008056478331
(") Radiation Heat Transfer Rate  [esl[Ms Tlil -0.04991008056478331

hot_inlet 0.03327229991808046

hot_outlet -0.03327220891810303

interior-cold_fluid

interior-hot_fluid

interior-inner_pipe

intericr-outer_pipe

wall-cold_fluid-inner_pipe

wall-cold_fluid-inner_pipe-shadow

wall-cold_fluid-outer_pipe

wall-cold_fluid-outer_pipe-shadow -

L | S : i 4
Net Results (kg/s)
-1.357248e-14

Save Output Parameter...

Write... | | Close | |Help

E Flux Reparts
Options Boundaries |Filter Text E Results
[ Mass Flow Rate -
_ axis -
(@) Total Heat Transfer Rate cold_inlet -626.1954257248885
Radiation Heat Transfer Rate [l RGN 109.4694738009771

hot_inlet 34T78.644158751038
hot_outlet -2048.930809562009
interior-cold_fluid

interior-hot_fluid

interior-inner_pipe

interior-outer_pipe

wall-cold_fluid-inner_pipe

wall-cold_fluid-inner_pipe-shadow

wall-cold_fluid-outer_pipe

wall-cold_fluid-outer_pipe-shadow -
o B : R -
Save Output Parameter... Net Results (w)
12.9874

Write... |Clnse Help

Hinh 3.30. Kiém tra hdi tu theo cAn bang ning luong, cin bang khéi luong
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BuGe 5: Xir Iy két qua (Post-processing)

Surface Integrals X

Field Variable
_'_I ITemperature...

Report Type
|Mass—Weighted Average

M
e
BB EE

interior-cold_fluid N
interior-hot_fluid

interior-inner_pipe

interior-outer_pipe

Custom Vectors [ Static Temperature

I“ o Surfaces |Filter Text

=l

[ Save Output Parameter... |

cold outlet
hot_outlet

v Wall
wall-cold_fiuid-inner_pipe
wall-cold_fluid-inner_pipe-shadow
wall-cold_fluid-outer_pipe

wiall-rald fluid-nitar nina-chadnw

Mass-Weighted Average (k)
306.3125 |

|Write...| lclose] |Helpl

Mass-Weighted Average
Static Temperature (k)
cold outlec 287 .62583
hot_outlet 319.3432¢0
Het 306.31245

Hinh 3.31. Xudt dir liéu nhiét 36 ddu ra ciia nwde néng va lanh

Temperature
Contour 1

ANSYS

R19.2

3.231e+02
3.204e+02
3.175e+02
3.148e+02
3.119e+02
3.091e+02
3.064e+02
3.035e+02
3.008e+02
2.979e+02

2.951e+02
(K]

0 0.350 0.700 (m}
]

0175 0525

Hinh 3.32. Truong nhiét do cua moé hinh thi nghiém do



49

Pressure
Contour 1

l 2.620e+01

2.357e+01
2.095e+01
1.832e+01
1.570e+01
1.307e+01
1.045e+01
7.825e+00

5.200e+00
I 2.575e+00

-5.011e-02
[Pa]

0 0.350 0.700 (m)
]

0.175 0.525

ANSYS

R19.2

Hinh 3.33. Phdn b6 dp sudt ciia mé hinh thi nghiém do

Velocity
Contour 1

l 2.025e-01

1.822e-01
1.620e-01
1.417e-01
1.215e-01
1.012e-01

8.098e-02
6.074e-02

4.049e-02
I 2.025e-02
0.000e+00

[m s™-1]

ANSYS

R19.2

0 0.350 0.700 (m)
]

0.175 0.525

Hinh 3.34. Phdn bé vin toc ciia mé hinh thi nghiém do
4. Panh gia két qua thi nghiém ctia md hinh
4.1. Panh gid tinh on dinh ciia mé hinh
- Residuals hdi tu vé gia tri:
Phuong trinh Gia tri dat hoi tu
Continuity 1.0080-1°
x-velocity 1.5403-13
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y-velocity 2.3278 M1
Energy 1.0002®
- Gia tri nhi¢t do cia nudc noéng, nude lanh trong 100 iteration cudi:

Iteration  Nhi¢t d0 dau ra ciia nudc nébng  Nhiét do dau ra cia nudc lanh

7765 319,34 297,63
7766 319,34 297,63
7863 319,34 297,63
7864 319,34 297,63

7865 solution 1s converged

- Gia tri nhiét lugng trao d6i sau khi hoi tu

Téng sai 1éch can bang nhiét:
Qimbatance=1Y_Qil = Qnet = 12,987 W

Sai s6 can bang nhiét:

Que {ogu, - 12987

€= 0=
3478,644

.100% = 0,37% < 0,5%

ref
Véi: Qrer - nhiét lugng 16n nhat hodc nhiét lugng cap vao hé (W)
- Cac gia tri luu luong khbi:
Cold_inlet =+0.0499101kg/s
Cold outlet =-0.0499101kg/s
Hot_inlet = +0.0332723kg/s
Hot outlet =-0.0332723kg/s
Téng sai léch:
Net Results = -1.357248%107!% kg/s
Két qua hoi tu trén chiing minh qua trinh giai s6 dat do 6n dinh tot va co thé st
dung cho nghién ctru hoac dao tao.
4.2. Dinh gid phan bé nhiét dp
Két qua md phong cho thay nhiét d cua luu chat nong giam dan theo chiéu dai
thiét bi trao doi nhiét, trong khi nhiét d6 ctia luu chat lanh ting dan. Diéu nay phu hop
v6i quy luat truyén nhiét dbi lvu trong thiét bi trao doi nhiét thyc té.
e Vung co gradient nhiét d6 16n tap trung gan dau vao cta hai dong luu chét.

e Sy thay dbi nhiét do doc theo chiéu dai thiét bi 6 tinh lién tuc va 6n dinh.
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e Khong xuét hién hién tuong dao dong nhiét do bat thuong.
Phén b nhiét d6 thu duoc tir Fluent cho phép danh gia truc quan hiéu qua truyén
nhiét giita hai dong luu chat.
4.3. Pdanh gid trwong vin toc dong chdy
Két qua mo phong vén tde cho thay:
e Van tdc 16n nhat xuat hién tai ving trung tam dong chay.
e Gan thanh dng xuét hién 16p bién vén tdc do anh hudng cua do nhét.
e Dong chay trong vanh khuyén c6 phan bd van téc khong déi ximg hoan
toan do hinh hoc dic thu cia mién tinh toan.
Két qua nay phut hop véi co s 1y thuyét ciia co hoc chat luu va mé hinh rdi duoc
st dung trong Fluent.
4.4. Pdanh gid hiéu qua trao doi nhiét
4.4.1. Bo chénh léch nhiét do trung binh At
At At —At, _25,53-24,19
At, 25,53

In—1- In
At, 24,19

=24,85°K

Trong do:
At =t —t, =323,15-297,62 = 25,53°K
At, =t —t, =319,34-295,15=24,19°K
Két qua cho thay chénh léch nhiét d6 trung binh cta thiét bi dat gia tri twong ddi
6n dinh. Do hai gia tri At va At khong chénh 1éch nhiéu nén nhiét d6 bién thién doc
theo chiéu dai thiét bi kha dong déu. Piéu nay phan anh qua trinh trao d6i nhiét dién ra
lién tuc va on dinh trong mién tinh toan.
4.4.2. Luong nhiét trao doi ciia nuée nong va lanh
Luu lugng khéi lwong ciia nuée ndng: Gi = 0,0333 kg/s
Luu lugng khéi lwong ciia nude lanh: Ga = 0,0499 kg/s
Nhiét dung riéng khéi lvong déng ap cia moi chat néng va lanh duge 13y theo
gia tri trung binh: Cy1 = Cpo=4182 J/kg.K
Luong nhi¢t do dong nong toa ra:
Q1 =G1.Cpr.(t' —t"1) = 0,0333.4182.(323,15 - 319,34) = 530,58 W
Luong nhiét do dong lanh nhan vao:

Q2= Ga.Cpa.(t"2 — t2) = 0,0499.4182.(297,62 — 295,15) = 515,44 W
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Miic sai 1éch can bang nhiét:

o 2| |, _ 530,58-515,44

100% =2,85% < 5%
Q, 530,58

Két qua cho thiy sai 1éch can bang nhiét chi dat 2.85%, nho hon gidi han 5%
thuong dugc chip nhan trong cac nghién ctru CFD vé truyén nhiét. Diéu nay chimg to:
e MO hinh da dat trang thai héi tu tuong ddi tét;
e Sai s bao toan ning luong ¢ murc thap;
e Truong nhiét va truong dong co tinh 6n dinh;
e Két qua tinh toan c6 do tin cay twong ddi cao.

Bén canh d6, mirc sai 1éch nho ciing phan anh viéc thiét 1ap diéu kién bién, chat
luong ludi va tiéu chuan hoi tu trong mo hinh 1 phu hop. Diéu nay cho phép sir dung
két qua mo phong dé phuc vu phén tich ddc tinh truyén nhiét cua thiét bi.

Tuy nhién, van ton tai mot phén sai 1éch nhit dinh do anh huong cua sai s6 roi
rac hoa, chat lugng ludi tai ving gan thanh dng, ciing nhu gidi han cia mo hinh sd trong
qua trinh giai hé phuong trinh bao toan khéi luong, dong lugng va ning luong.

4.4.3. Hiéu sudt thiét bi trao doi nhiét ¢

82&.100%:%.100%213,61%

Trong do:
+ Q: Luong nhiét trao d6i ctia dong nong va lanh, W
Q=0Q:1=530,58 W
+ Qmax: Luong nhiét trao d6i 16n nhat cia TBTDN 6ng 16ng 6ng, W

Q. =(GC,) (t,-1,)=G,C,,.(t; —t,)=0,0333.4182.(323,15-295,15) = 3899,3W

Véi: (G.C,) =min(G,C

mi p1?

G,C,,)=G,C,
Két qua cho thay hiéu suét trao d6i nhiét cia mé hinh con tuong déi thap. Nguyén
nhan chu yéu c6 thé do:
e Chiéu dai thiét bi con han ché;
e Dién tich bé mat truyén nhiét chua 16n;
e Chénh léch nhiét 36 dau vao chua du cao;

e Thoi gian luu cia dong chét luu trong thiét bi con nho;



53
e Ché d6 dong chay chua tao duoc cudng hoa truyén nhiét manh.

Mic du hiéu suat chua cao, két qua mo6 phong van phan anh dung quy luat truyén
nhiét thyc té cia thiét bi trao d6i nhiét ng 10ng dng. Pidu nay cho thdy moé hinh CFD
d3 mé ta twong dbi chinh x4c xu hudng trao ddi nang luong giita hai dong chat luu.

Ngoai ra, hiéu suat & muc 13,61% ciing cho thdy mo hinh van con tiém nang tdi
vu hoa thong qua viée tang chicu dai thiét bi, cai thién diéu kién dong chay hoic ting
dién tich truyén nhiét nhim nang cao kha ning trao doi nhiét trong cac nghién ciru tiép

theo.



54
KET LUAN
Két qua thi nghiém mé phong cho thiy mé hinh thi nghiém 4o thiét bi trao doi
nhiét 6ng 16ng 6ng c6 kha ning mo ta diing dic tinh truyén nhiét va dong chay cta hé
théng thuc té. Cac két qua nhiét do, van tdc, ap suit va hiéu qua truyén nhiét phu hop
v6i Iy thuyét, sai s6 nam trong gi¢i han cho phép va mé hinh c6 tinh on dinh cao. Diéu
nay ching minh mé hinh c6 thé sir dung hiéu qua trong dao tao, nghién ctru va hd tro
thiét ké thiét bi trao doi nhiét.
Mo hinh thi nghiém 4o ¢6 cac vu diém:
e MO0 phong truc quan qué trinh truyén nhiét va dong chay
e Cho phép thay do6i thong s dau vao linh hoat
e Giam chi phi xay dung mo hinh thuc nghiém
e HO tro hoc tap, giang day va nghién ctru CFD
Ngoai ra, mé hinh con c6 thé mé rong cho:
e Thiét bi trao d6i nhiét nhiéu 6ng hoac éng c6 canh trao doi nhiét
e Dong chay rdi phic tap

e Phén tich t6i wu hoa truyén nhiét.
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HUONG PHAT TRIEN CUA DE TAI

Dé tai "Nghién ctru xay dyng mo hinh thi nghiém a0 qua trinh truyén nhiét cua
cac thiét bi trao doi nhiét" c6 cac hudng phat trién chinh nhu sau:

- Pé tai ¢ thé duge mé rong dé xay dung cac mo hinh thi nghiém cho thiét bi
trao d6i nhiét nhiéu dng hodc cac loai dng c6 canh trao ddi nhiét dé ting cuong hiéu qua
truyén nhiét.

- Hudng phat trién tiép theo c6 thé di siu vao mo phong cac dong chay rdi phirc
tap. Piéu ndy s& gitip mo hinh phan anh sat thuc hon cac diéu kién van hanh trong cong
nghiép, noi dong chay thuong khong chi ding lai & ché do chay tang.

- Sir dung Al dé phan tich va t6i uu hoa cac thiét ké bo trao doi nhiét mot cach tur
dong. Viéc két hop cac thuat toan t6i wu hoa dua trén Al véi dit lidu tir mo phong CFD
s& gitip tim ra cac thong sé hinh hoc Iy tuéng ma cac phuwong phép truyén thdng kho dat

duoc.
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10. TONG QUAN TIiNH HINH NGHIEN CUU THUQC LINH VUC CUA PE
TAI O TRONG VA NGOAI NUGC

M6 hinh thi nghiém do 1a m6 hinh thi nghiém duya trén may tinh, trong d6 cac co héi
tlen hanh thi nghiém c6 thé duoc cung cAp mét cach twong tac thong qua md phong phan
mém cua cac vat thé, thiét bi hodc quy trinh thuc hodc truy cap tir xa vao phong thi nghiém
thuc té. M6 hinh thi nghiém 4o 1a mot cong cu manh mé ma qua d6 sinh vién c6 thé kham
ph4, quan sat, thao tac va phéan tich mot tap hop dit liéu da dang duoc biéu dién duéi dang sb
va/hodc dd hoa. Loai cong cu nay cuc ky hi€u qua, dac biét 1a khi cac truong dai hoc phai dbi
pho véi dai dich, khién sinh vién kho tiép can duoc cac md hinh va ban thi nghiém thyc té tai
truong dai hoc. Pay la co hoi tdt dé 4o hoa viéc hoc va tao ra cac k¥ ndng va nang luc cho
sinh vién dé xtr Iy nhiéu cong cu va san phdm phan mém khac nhau. Vi vdy, trong nhirng nim
gan day, chi d& mo hinh thi nghiém 4o ludén 13 mot trong nhitng chii d& noéng duoc nhiéu nha
nghién ctru quan tam.

10.1. Ngoai nudc

Bai bao “Building a virtual laboratory bench to examine heat transfer processes” cua
cac tac gia A. Parushev, A. Chekichev, R. Popov (2022) di thao luin vé cac nguyén tic co
ban lién quan dén viéc xay dung mot mo hinh thi nghiém ao dé kiém tra cac qua trinh truyén
nhiét. Mo hinh thi nghiém ao qua trinh truyén nhiét dugc xay dung bang cong cu ao LabView
da gitip cai thién, phat trién nang lyc va kha nang cta ca nhom giang day; dong thoi nang cao
kién thirc, k¥ ning va kha ning cta sinh vién dang hoc cac quy trinh truyén nhiét.

Bai bao “Efficacy of heat transfer experimental simulations in virtual laboratories” cua
cac tac gia Lakshmi S. Bose va Steven Humphreys (2024) di thuc hién cudc diéu tra cho 86
sinh vién k¥ thuét, cho thiy viéc str dung cac phong thi nghiém ao thyc nghiém truyén nhiét
(HTEVL) cta cac sinh vién ndy c6 hiéu suét tot hon dang ké so v6i nhimg sinh vién khong
su dung HTEVL; tic 1a cac md phong hoc tap duoc tao ra dudi dang HTEVL co thé mo ta
qua trinh truyén nhiét mot cach hiéu qua.

Bai bao “Designing a Virtual Laboratory of the Heat Exchanger. Experiment by
Artificial Neural Network (ANN)” cua tac gia Hani Al-Rawashdeh (2024) da xay dung va
thiét ké mo hinh bang cong cu MATLAB va Simulink str dung phwong phap mang no-ron
nhan tao ANN thay vi sir dung cach mé hinh héa va mé phong hé thdng thong thuong, didu
nay dap ung duoc cong nghé va khoa hoc méi ciia Tri tué nhan tao “AI”. Két qua nghién ciru
cho thay dir liéu trong ting thi nghiém thyc té va dit liéu mé phong rat hop 1y.

Bai bao “Modeling of heat exchangers in ANSYS CFX for the digital twins
development” cua tac gia Artem Ponikarov (2024) trinh bay mét phuong phap phd quat dé
mo hinh hoa va t61 wu hoa céc thiét ké bo trao d6i nhiét vo va éng bang cach stir dung goi
phan mém ANSYS CFX. Su khac biét trong két qua 1a khoang 1°C, diéu nay khang dinh do
chinh xac va d6 tin ciy cao cuia phuong phap duoc dé xuit. Didu nay cho thay tinh kha thi
ctia viée st dung ANSYS CFX dé mo hinh hoa va tdi wu hoa thiét bi cong nghé.

Bai bao “Design and CFD Simulation of Heat Transfer in Circular Pipes” cta céac tac
gia Furman Ali, Munawwar Ali Abbas, Bo Sun, Li Chen, and Shahid Hussain (2023) da su
dung cong cu mod phong (CFD) va thyc nghiém dé danh gia tac dong cia nhiét 46 va toc do
& diéu kién mua hé va mua dong dén hiéu qua trao ddi nhiét ctia dng tron dan nudc. Két qua
nghién ctru cho théy sy gidm manh vé nhiét do va van tdc gﬁn vung dau vao va dau ra trong
khi 4p suat ty 1& nghich v6i van tdc & nhitng ving nay.

10.2. Trong nudc

Bai bao “Mo hinh hoa bo trao d6i nhiét ding kicu v va ong” cua tac gia Lé Tuén
Phuong Nam (2017) trinh bay mot mé hinh dong cua bo trao d6i nhiét kiéu vo va dng thang
dung, luu chat néng 13 hoi nuée va luu chét lanh 14 nuwéc ngung; nham du doan ap suat hoi
nudc va mic nudc ngung trong b trao doi nhiét.




Bai bao “Ung dung cong ngh¢ thyc té 40 trong gido duc: mot nghién ctru trudng hop”
cua cac tac gia Pham Cao Vin, Nguyén Quynh Phuong, V5 Trong Cang, Nguyén Thanh Nhat
Lai, Tran Thanh Co (2024) di mo ta thuc trang tmg dung thyc té a0 trong giang day cac mon
hoc lién quan cang va kho bai thudc nganh Logistics va Quan 1y chudi cung ung tai Trudng
Dai hoc Binh Duong va nhitng kho khin trong qué trinh trién khai giang day thuc té. Bén
canh do, sau khi khao sat hon 100 sinh vién da trai nghiém, két qua chi ra réng viéc hoc tap
bang cong nghé thyc té ao gitp sinh vién hing tha va tiép thu kién thirc dé dang hon so véi
viée giang day 1y thuyét théng thudng. Nghién ctiru 1a mot truong hop tmg dung hiéu qua thuc
té 40 vao giang day trong dai hoc. Vi vy, gitp cac co s¢ ddo tao trong ca nude cé cai nhin
khach quan vé viéc sir dung cong nghé nay.

Bai bao “Ung dung cong nghé ha tang ao hoa phuc vu giang day, hoc tap va nghién
ctru tai don vi dao tao dai hoc” cua cac tac gia Vi Minh Tuén, Dinh Thi Minh Nguyét (2023)
da gioi thiéu vé cong nghé ha tang a0 hoa va so sanh gitra viéc su dung may chu vat Iy truyén
thong va sir dung may chu ao; dong thot, phan tich va danh gia chi tiét nhitng diém manh va
nhiing ton tai cua cong nghé ha tang 40 hoa. Tir d6, tac gia dé xuat mot phuong an st dung
cong nghé ha ting 4o hoa phui hop nhat dé hd trg cho cong tac nghién ctru va giang day cua
giang vién Pai hoc, va thir nghiém tai mot don vi cu thé dé danh gia hiéu qua trién khai va
kha nang mo rong cua cong nghé nay.

Bai bao “Ung dung phan mém mo phong dé xay dung phuong trinh tiéu chuan toa
nhiét d6i v6i luu chat chay rdi trong dng” cua tac gia Thai Ngoc Son, Tran Thi My Linh
(2021) da str dung cong cu m6 phong (CFD) trg gitp trong viée xac dinh nhiét do cua vach,
xtr 1y két qua thi ‘nghiém, xay dyng thanh céng phuong trinh tiéu chuan xac dinh hé so toa
nhiét cia moi chat d6i luu cudng birc & ché do chay rdi trong dng.

10.3. Danh muc céc cong trinh da cong bd thudc linh vuce cta dé tai cua chi nhiém va nhiing
thanh vién tham gia nghién ctru

A . Nam cong R ,
TT Tén cong trinh b Tén tap chi
0
| An investigation on energy efficiency of 2020 IEEE. No: 2020. Page:
infrared and induction cooktops 115-119
Nghién ctru dong chay luu chét c6 tinh
’ g 1en£cu’1’1. ong chay u'u‘c avco in Tap chi Khoa hoc Cong
2 | Gng suat té1 han qua try tron dat trong 2022

. nghé DPai hoc Pa Ning
kénh

Nghién ctru mdé phéng danh gid anh
3 | huong thong so hinh hoc ciia cnh trao | 5054 | Tap chi Co khi Viét Nam
do1 nhiét dén hi¢u qua trao doi nhiét thiét i i
bi trao ddi nhiét dng 10ng éng

3D numerical investigation of heat Ky yéu Hoi thio “Ung
4 | transfer process in a double pipe 2004
longitudinal fined heat exchanger

dung cong ngh¢ mai trong

cong trinh xanh”




11. TINH CAP THIET CUA DE TAI

Trong gido duc hi¢n dai, m6 hinh thi nghiém 4o 1a mot trong nhiing giai phap rat hiéu
qua ma it tén chi phi nhat dé nang cao kha ning day va hoc, béi 18 n6 tao ra méi truong twong
tac dé thyc hién céac thi nghiém 4o gitp cho ngudi day va nguoi hoc ¢6 co hoi hoc tap nhing
trai nghiém triru twong kho 1am dugce trong diéu kién phong thi nghiém tai trudng hoc.

Déi v6i nganh cong nghé ky thuat Nhiét, qua trinh truyén nhiét cua cac thiét bi trao ddi
nhiét 13 mot van dé cdt 16i co ban, ludn duoc quan tam. Tuy nhién, hién nay tai xuéng thuc
hanh, s6 luong va chét lugng thiét bj thuc hanh phuc vu cho van dé nay tuong ddi khiém ton.
Chinh vi vdy, viéc xdy dung m6 hinh thi nghiém 4o qua trinh truyén nhiét cta cac thiét bi
trao d6i nhiét dé phuc vu cho viéc giang day mang tinh cép thiét.

Nghién ctru xay dung mé hinh thi nghiém 4o qua trinh truyén nhiét cua cac thiét bi trao
d6i nhiét huéng dén muc dich phuc vu hoc tap, minh chimg Iy thuyét, xir Iy két qua thi nghiém
qua cac bai thi nghiém 4o khac nhau cho céac hoc phén co s& nhu Nhiét dong, Truyén nhiét
va Thiét bi trao d6i nhiét ... Tix do, tao htrng tht hoc tap cho sinh vién noéi riéng va nang cao
chat lugng giang day ctia nganh/linh vuc néi chung.

12. MUC TIEU PE TAI
- Xay dyng mo6 hinh thi nghi€ém 4o qua trinh truyén nhiét cia cac thiét bi trao doi nhiét.
- Xay dung cac bai thi nghi¢m 4o trén mo hinh.

13. POI TUQNG, PHAM VI NGHIEN CUU

13.1. Béi tugng nghién ctru

Céc thi nghiém ao Ve qua trinh truyén nhiét cta cac thiét bi trao d6i nhiét.
13.2. Pham vi nghién ctru

Céc thi nghi¢m truyén nhiét cta cac thiét bi trao ddi nhiét trong chuong trinh dao tao cua

nganh cong nghé ky thuat Nhiét, truong dai hoc Su pham K¥ thuét - Pai hoc Da Nﬁng.
14. CACH TIEP CAN, PHUONG PHAP NGHIEN CUU

14.1. Cach tiép can
- Tién hanh nghién ctu 1y thuyét.

- Xay dung mé hinh thi nghiém 4o qua trinh truyén nhiét cta cac thiét bi trao d6i nhiét dé
chay thtr nghiém.

14.2. Phuong phap nghién ctru

- Nghién ctru mo6 phong

15. NOI DUNG NGHIEN CUU VA KE HOACH NGHIEN CUU
15.1. N1 dung nghién ctru

Chuwong 1: Nghién ciru tong quan vé thiét bi trao ddi nhiét
1. Gidi thi€u chung
2. Céc yéu cau k¥ thuat chung cho thiét bi trao doi nhiét

Chuwong 2: Nghién ctru co sé 1y thuyét vé cac thi nghiém qua trinh truyén nhiét cia cc
thiét bi trao doi nhiét

2.1. Céc phuong trinh co ban ctia Thiét bi trao ddi nhiét
2.2. Xéc dinh d6 chénh nhiét do trung binh
2.3. Hiéu suét cua Thiét bi trao doi nhiét

Chwong 3: Xay dung m6 hinh thi nghiém &o




3.1. Gi6i thiéu phan mém x4y dung mé hinh thi nghiém 4o
3.2. C4c mo hinh thi nghiém do

3.3. Chay thtr nghiém

3.4. Panh gia két qua thi nghiém cta mo hinh

Viét bao cao két qua va nghiém thu dé tai
15.2. K¢ hoach nghién ctru

i Thoi gian | Nguoi thuc hién
n A n San pham (thdng/nam bat | (ghi cu thé ho va
STT Noi dung cong vige dau - thang/nam | 1én) — chén cot
két thiic) 0 ngay cong
Nghién ctru tong quan vé nghién | Ban tong quan 01/2025- Nguyén Thanh
L] ctru vé thiét bi trao ddi nhiét nghién ctru 03/2025 Son
Nghién. (A:u'u corsé‘ly thuyé;[ ve céc Céc' Adang bai tPi 03/2025 - Nguyan Thanh
2. | thi nghiém qua trinh truyén nhiét | nghiém truyén 06/2025 Son
cua cac thiét bi trao doi nhiét nhiét
- M6 hinh thi
5.| Xay dimg m inh thi nghiem o | "EhEmA0 002028+ | Newdn Think
danh gia hi¢u qua
- Bo c4o tong két
- Bai bao
Viét bao cdo két qua va nghiém | - Bao cao duoc 09/2025 - Nguyén Thanh
4| thu dé tai nghiém thu 12/2025 Son

- Hd so khoa hoc
va tai chinh




16. SAN PHAM
16.1.  San pham khoa hoc

- Bai bao dang trén tap chi co tén trong danh muc Scopus/SCIE [
- Bai b4o dang trén tap chi/ky yéu dugc tinh diém trong danh muc HDCDGSNN
- San pham khéc:
Tai liéu huéng dan thi nghiem O Tai liéu huéng dan thuc hanh ]
Bai thuc hanh/bai thi nghi€ém ] Giao trinh [0  Tai li€u tham khao  [J
16.2.  San pham dao tao:
Dao tao Cao hoc [ Dao tao NCS [
Hudng dan sinh vién bao vé dé tai/dd an tot nghiep [
Hudng dan sinh vién nghién ciru khoa hoc []

16.3. San pham ung dung

Chuong trinh may tinh Tiéu chuan [] Chién lugc ]
Website 0 Phuong phép 0 Dééan O
Thiét bi may moc (1 Tai liéu du bao 0 Ban quy hoach O]
Day chuyén cong nghé [ Luén chimg kinh té 0 Vatliéu ]
Mo hinh [J  Qui pham [0 Mau O
So dd, ban thiét ké [] Ban kién nghi [] Gibng cay trong O
Qui trinh cong nghé¢ [0 Béo céo phan tich [] Gibng vat nudi O

16.4. Tén san pham, sd luong va yéu cau khoa hoc d6i véi san pham

TT Tén san pham S6 lwong Yéu cau khoa hoc

1 Bai bao khoa hoc déng trén tap 01 -Tac gia chinh (hodc tac gia

chi/ky yéu dugc tinh diém trong dau hoac tac gia lién h¢) cua
danh muc HDCDGSNN bai bao la thanh vién tham

gia thuc hién dé tai;

- Pon vi cong tac cua tac gia
chinh thudc truong Pai hoc
Su pham K¥ thuat - Pai hoc
Pa Ning

5 | File dit ligu vé md hinh thi nghi¢m 01
'| 40 qua trinh truyén nhiét cua céc
thi€t bi trao doi nhiét

17. HIEU QUA (gi4o duc va dao tao, kinh té - xa hoi)
Hudéng dén viée ting dung M6 hinh thi nghiém 4o qua trinh truyén nhiét cta cac thiét bi trao
do1 nhiét trong qua trinh giang day va ho trg tich cuc cho NCKH cua sinh vién.

18. PHUONG THUC CHUYEN GIAO KET QUA NGHIEN CUU VA PIA CHI UNG
DUNG
- Phuong thitc chuyén giao két qua nghién ctru: Ban giao truc tiép cho xudng thuc hanh
ctia khoa Co khi, trudng Pai hoc Su pham K¥ thuat, Pai hoc Pang.

- Dia chi ng dung:
Khoa Co khi, b0 méon Cong ngh¢ Nhiét — Dién lanh, ing dung cho hoc phﬁn Truyén
nhiét, Thiét bi trao doi nhiét, Thi nghiém K§ thuat Nhiét véi 20 sinh vién cho 1 mo
hinh thi nghiém &o.
Dia chi: 48 Cao Th'flng, P. Thanh Binh, Q. Hai Chau, TP. ba Necmg.




19. KINH PHI THU'C HIEN DE TAI VA NGUON KINH PHI

Tdng kinh phf: 20.000.0004
Biing chir: Hai mwoi tri¢u ddng chiin.
Trong d6:

- Tirngudn Quy KHCN: 20.000.0004 - Tir cée ngudn kinh phi khac:
Dy trd kinh phi theo cdc muc chi (phit hop véi nji dung nghién ciru):
T5ng kinh Ngubn kinh phi thﬁi
h Kinh phitir | Che | €
id p p
Stt Khoin chi, nji dung chi (BVT: Quy KHCN | ngu 3n
VND) | (BVT:VND) | khdc
1 Chi tidn cong a0 ddng tryc tiép 18.684.000 18.684.000 g(a):n
2 | Chi mua vt tu, nguyén vit liéu
3 | Chi sira chira, mua sim tai sn cb djnh
4 | Chj h{i thdo khoa hoc, cong téc phi
5 | Chi trd djch vy thué ngoai phyc vy nghién ciru
6 | Chi diéu tra, khao sat thu thap s6 liéu
7| Vin phong phin, théng tin fién T, in n 2RO LN kG}:zoan
8 | Chi Hoi dong tyr danh gia
9 Quin 1§ chung nhiém vy KHCN 1.000.000 1.000.000 lc:}:zoan
10 | Chi khéc lién quan
TONG CONG 20.000.000 |  20.000.000
Ngay.23.thang A2..ndm202% Ngay 24 thdng 12 ndm 2024
TM. HQI PONG KHOA Chii nhiém @2 tai
(ky, ho va tén) (ky tén)
m /
=0 :
(v Nguyen Thanh Son

Da Néing, ngay 22 thang? nam Jozr;z,

Co quan Chii tri duyét
U TRUONG

DAl HOC
SU PHAM

PGS. TS. V6 Trung Hung
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GIAI TRINH CHI TIET CAC MUC CHI

Muc 1a: Ban tinh thii lao lao ddng phén theo ké hoach nghién ctru

Pinh mitc thu lao théng ciia chii nhigm (DMCN) 2.700.000 dong
. Pinh Tong s6
, H¢ s6 SO‘ . mue t,h " S6 thagl}g quy Téng thu
Chire nguoi | lao thang . doi caa
£ lao - - ngay . lao thuc
So As A o danh n trong ciia chi N chire ‘A A
Noi dung cong viéc dong . . n cong . hién nhiém
TT khoa nhom nhiém danh/nhém
khoa , DVT: . vu (DVT:
hoc hoe chirc (DMcn) ngay) chirc danh VND)
- danh | @VT: | "8 ®VT:
VND) thang)
() 2) cn | 3| @ (5) w | 7 fgj; 22| g=3esy7
Ngi dung 1: Nghién
ciru tong quan vé
V| nghién citw vé thiét bi 0,75 1.620.000
trao doi nhiét
Thii lao 01 thanh vién
1.1 chinh 0,8 1 2.700.000 16,5 0,75 1.620.000
Thanh
Nguyén Thanh Son vién 0,8 1 2.700.000 16,5 0,75 1.620.000
chinh
Ngi dung 2: Nghién
citu co so ly thuyét vé
3 | cdc thinghiem qud 1,50 3.240.000
trinh truyén nhiét cia
cdc thiet bi trao doi
nhiét
Thu lao 01 thanh vién
2.1 chinh 0,8 1 2.700.000 33,0 1,50 3.240.000
Thanh
Nguyén Thanh Son vién 0,8 1 2.700.000 33,0 1,50 3.240.000
chinh
3 | N0i dung 3: Xay dwng 2,50 5.400.000
mé hinh thi nghiém do
Thu lao 01 thanh vién
3.1 chinh 0,8 1 2.700.000 55,0 2,50 5.400.000
N Thanh
Nguyén Thanh Son V1,en 0,8 1 2.700.000 55,0 2,50 5.400.000
chinh
Thg lao cua chu nhiém 2,40 6.480.000
4 nhiém vu: 1 1
(TLen= 1,0 x DMen x 2.700.000 (=20%x 12
20% x T) thang)
Thu lao cua thu ky 2,40 1.944.000
5 khoa hoc: 03 1
(TLTK = 0,3 X DMCN X ’ 2.700.000 (:20% X 12
20%x T) thang)
TONG CONG 9,55 18.684.000




Muc 1b: Ban tinh thu lao lao dong phan theo tén thanh vién tham gia nghién ciru

. ) Pinh mirc
S6 T,O 1g 59 tl,lu la(z Thanh z A
Chiic Hé¢ | ngay thang quy thang cua tidn Tong cong
STT | Ho va tén danh ¥ (néu doi cta chirc | chid nhiém (DVT: DVT:
¢6) danh BVT: | (DMCN) VND). VND)
thang) DVT:
VND)
-1 -2 -3 -4 -5 -6 -7 -8 -9
Nguyén Chu
1 Thanh Son nhiém 1 2,4 2.700.000 | 6.480.000
Nguyén Thanh
2 Thanh Son Vifén 0,8 4,75 2.700.000 | 10.260.000 | 18.684.000
chinh
Nguyén Thu ky
3 Thanh Son | khoa hoc 0,3 2,4 2.700.000 | 1.944.000
Tong 9,55 - 18.684.000
Muc 2: Chi mua vt tw, nguyén vat liéu: Khong
Muc 3: Chi sira chira, mua sim tai san c6 dinh: Khong
Muc 4: Chi hgi thdo khoa hoc, cong tac phi: Khong
Muc S: Chi tra dich vu thué ngoai phuc vu hoat dong nghién ciru: Khong
Muc 6: Chi diéu tra, khao sat thu thap so liéu: Khong
Muc 7. Chi vin phong pham, théng tin lién lac, in 4n:
Ngu(“)n‘kinh phi
. £ z . (dong)
TT Néi dung chi D‘f’“h“ : S0 | Bon gis T"“ghlf'“h .
tin wong phi Kinh phi tir | Ngudn
Truwong khac
-1 -2 -3 -4 -5 (6) =(4)x(5) -7 -8
Chi van phong phﬁrm
(in an, pho to thuyét
1 | minh, bao cao tong Bo 1 316.000 316.000

két, ... phuc vu cho
de tai)

Téng cong

316.000




Muyc 8: Chi hop h{i ddng déinh gis, nghi¢m thu cip co sé: Khong

Myc 9: Chi quin Iy chung: 1.000.000 ddng
Muyc 10: Chi khdc: Khéng
Da Niing, ngay - thing ndm25~
Chii nhi¢m a2 tai Co quan chii tri
(ky, ghi ho va tén) KT. HIEU TRUONG
Forne
Nguyén Thanh Son PGS. TS. V6 Trung Hiing
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Mdu BM.02-QT.01-KHCN

CONG HOA XA HQI CHU NGHIA VIET NAM
Djc Iip - Ty do - Hanh phic

GIAY XAC NHAN PHOI HQP THU'C HIEN VA SU DUNG SAN PHAM
SAU KHI HOAN THANH DE TAI CAP TRUONG

Kinh giri: ~ Khoa Co Khi _
Trudmg Pai hoc Su pham K¥ thuat, Pai hoc Da Nang.

1. Tén 4é tai: ' \
Nghién ciru xdy dyng mé hinh thi nghiém 4o qua trinh truyén nhiét ciia cac thiét bj
trao ddi nhiét.
2. Chii nhi¢m d& tai:
ThS. Nguyén Thanh Son
3. Pon vj phéi hep thye hién va sir dung sin phim dé tai sau khi hoan thanh:
Tén don vj: Khoa Co khi, Trrdng dai hoc Su pham K§ thudt - Dai hoc Pa Ning
Pia chi: 48 Cao Thing, Quan Hai Chau, TP. Pa Ning
Dién thoai: 0236.3822571
a. Ni dung cong viéc phdi hop tham gia trong dé tai:
Sir dung sén phim ciia dé tai sau khi hoan thanh.
b. Cam két sir dung sin phdm d@ tai sau khi hoan thanh:
Khi dé tai dugc duyét thyc hién, chiing t6i cam két s& phéi hop véi chi nhi¢m dé
tai dé thyc hi¢n dé tai va s& tiép nhén, sir dung san phim ciia dé tai sau khi hoan thanh.
1 Wayﬁ.,ng&yﬂthdng./.&nﬁm.wﬁ

NHIE PON V] PHOI HQP THU'C HIEN
cao MBETAL VA SUDUNG SAN PHAM PE TAI
AN

" 83 Wi cvbL
/////‘ '
qugafm.{&v é;/Z/

VA
=y

THU TRUGNG DON V]
(ky va ghi ré ho va tén)
%M
e /4
/i W
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CONG HOA XA HQI CHU NGHIA VIET NAM
D{c lip - Ty do - Hanh phic

Ngay 24 thang 01 ndm 2025
HQP DONG TRIEN KHAI THU'C HIEN
PE TAI KHOA HQC VA CONG NGHE CAP TRUONG
S6: 03/HD-KHCNCS-2024

- Cin cr B§ ludt dan sy ngay 24 thiang 11 ndm 2015;

- Can cr Ludt khoa hoc va cong ngh¢ ngady 18 thang 6 nam 2013;

- Can ¢t Quyét dinh s6 1749/QD-TTg ngay 08 thang 11 nim 2017 cta Thi tuéng Chinh
phu vé viéc thanh 1ap Trudmg Dai hoc Su pham Ky thuat (DPHSPKT) thugc Pai hoc Da
Ning;

- Cin cir Thong ti s6 03/2023/TT-BTC ngay 10 thang 01 nam 2023 ciia Bo truong Bo Tai
chinh vé viéc quy dinh lap dur ton, quan Iy sir dung va quyét toan kinh phi ngén sach
nha nudc thuc hién nhiém vu khoa hoc va cong nghé;

- Can clr Quyét dinh s 216/QD-DHSPKT ngay 09 thang 3 nim 2018 ciia Hiéu trudng 4
Truong Pai hoc Su pham Ky thuat vé viéc ban hanh Quy dinh vé quan 1y dé tai khoa
hoc va cong nghé cip co s& (cip Truong) do Truong Pai hoc Su pham Ky thuat quan
ly;

- Céancr Quyét dinh s6 42/QD-PHSPKT ngay 21 thang 01 ndm 2025 cia Hiéu trudng
Truomg Pai hoc Su pham Ky thuat vé viéc phé duyét kinh phi va giao nhiém vu thuc
hién dé tai khoa hoc va cong nghé (KH&CN) cip Trudong;

Sau khi xem xét muc tiéu, ndi dung nghién ciru va san phfim khoa hoc cua dé tai
KH&CN (sau day goi tat 1a “de tai”):

“Nghién ciru xay dung mé hinh thi nghi¢ém 40 qua trinh truyén nhiét ciia cic
thiét bi trao doi nhiét.”

Mi sé: T2024-06-03.

Bén A: Truwomg Dai hoc Swr pham Ky thuit

Dai dién: Ong Nguyén Lé¢ Hing  Chirc vu: Hiéu trudng

Dia chi: 48 Cao Thang, Quéin Hai Chau, Thanh pho Da Nang

Dién thoai: 0236.3822571 Fax: 0236.3894884

S6 tai khoan: 3716.1.1055693.00000 tai Kho bac Nha nuéc Da Ning

2.Bén B: Ong (Ba): Nguyén Thanh Som 1a Chu nhiém dé tai

- $6:CCCD: 052085003719 ngay cap: 20/01/2023 noi cap: Cuc canh sit Quan ly

Hanh chinh vé Trét tr Xa hoi, Bo Cong an. )
- SO Tai khoan: 56110001232036 tai ngdn hang BIDV CN DPa Nang

- M sb thué: 8066021911 i
-Pon vi: Khoa Co khi, Truéng Pai hoc Su pham Ky thuét, Pai hoc Da Nang.
- Pién thoai: 0974293915 Email: ntson@ute.udn.vn
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Cung thoa thudn va lh(‘mg nhét ky két Hop ddng thuc hién dé tai KH&CN chp Truimg (sau
d’ly goi 1At 1a Hop ddng) vai cac diéu khoan sau:

Didu 1. DI twong Hop dbng

1. Bén A dat hang va Bén B nhan dat hang thyc hién dé tai KH&CN chp truémg (sau diy
goi 1a dé tai) theo cac ndi dung trong Thuyét minh dé tai da dugc phé duyét (sau day goi tat
1a Thuyét minh).

2. Thuyét minh 1a by phén khong tach rai cia Hop dong.

3. Noi dung Thuyét minh c6 thé duge diéu chinh bing van ban cta co quan ¢6 thim quyén
trén co so su thdng nhét cva hai Bén.

Di¢u 2. Thoi gian thye hién Hop ddng

1. Thoi gian thyc hién dé tai 1a 12 théng, tir thang 01 nm 2025 dén thang 12 nam 2025.

r Thm gian thyc hién hgp dong co thc dugc diéu chinh theo thoi gian thuc hién dé tai bang
quyét dinh cia co quan ¢6 thim quyén.

Diéu 3. Kinh phi aé tai:
1. Kinh phi thyc hién:

Tong cong: 20.000.000 dong
Trong dé6:

- Kinh phi tir ngudn Khoa hoc cong nghé: 20.000.000 ddng
+ Kinh phi khoan: 20.000.000 ddng
+ Kinh phi khong giao khodn: 0 dong
- Kinh phi tir cac ngudn khac: 0 dong

2. Tam (mg va thanh quyét toan kinh phi

- Tam tmg dot 1: Ngay sau khi ky két hop ddng, bén A s& tam tmg cho bén B téi da 50%
gié trj hop ddng khi c6 yéu ciu tam ung cua bén B.

- Tam {mg dot 2: Bén A cip tam tng t6i da 40% tong gia trj con lai cua hop ddng khi c6 dé
nghj ciia bén B va sau khi bén B phai hoan thanh hé so thanh toén téi thiéu bing 50% mirc
kinh phi da tam {mg cac dot truéc d6 trén co s& dé tai dugc danh gia hoan thanh tién do
thuc hién dot 1. Bén A thyc hién thanh toan cho bén B theo ding quy dinh hién hanh, déng
thoi thu hdi cho dén hét s tién da tam tmg. S6 tién tam tng dot 1 chua duoc thu héi thi sé
duoc thu hi trong lan thanh toan cudi cung.

- Thanh toan dot cudi: Sau khi dé tai dugc nghiém thu chinh thirc, bén B phai hoan thanh
va ndp ho so thanh quyét toan kinh phi tit ca cac ngudn ké tir ngay két thic nhiém vu theo
quyét dinh phé duyét nhiém vu va hop dong da ky két va trong pham vi nién d9 tai chinh.
Bén A thanh toan hét gia trj con lai cia hop déng tir ngudn do bén A quan ly theo ding quy
dinh hién hanh.

(3]
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- My theo két qua thyre hi¢én hop d(‘mg ma bén B chju nhimg xir Iy tai chinh trong quy dinh
tai diéu 6 hop dong nay.

Didu 4. Quyén va nghia vy ciia cic bén

1. Quyén va nghia vu ciia Bén A

a) Cung cép cac thong tin can thiét cho vie trién khai, thyc hién Hop déng;

b) B4 tri cho Bén B s6 kinh phi tir Tnrong DHSPKT, DHDN quy dinh tai Diéu 3 Hgp dong
niy theo tién d¢ ké hoach, twong mg véi cac ndi dung nghién ciru dugce phé duyét;

¢) T6 chirc phé duyét ké hoach déu thiu, mua sm may méc, thiét bj, nguyén vt li¢u va
dich vy cia dé tai bing kinh phi do Bén A cip (néu cé) theo quy dinh;

d) Trwde mdi dot cép kinh phi, trén co s& bdo céo tinh hinh thyc hién d¢é tai cia Bén B, Bén
A ciin cir vao san phim, khéi lugng cong viéc di hoan thanh theo Thuyét minh dé cép tiép
kinh phi thyc hién Hop ddng. Bén A cé quyén thay dbi tién d¢ clp hojic ngimg cap kinh
phi néu Bén B khong hoan thanh cong viéc ding tién d¢, diing ndi dung cong viéc dugc
giao;

d) Kiém tra djt xuét dé danh gia tinh hinh Bén B thyc hién dé tai theo Thuyét minh. Trudng

DHSPKT, DHDN thyc hién kiém tra djnh ky danh gia tinh hinh thyc hién dé tai theo quy =
dinh hi¢n hanh vé quan Iy & tai khoa hoc va cong nghé cip Trudng; ne
¢) Kip thoi xem xét, giai quyét theo thdm quyén hojic trinh cip 6 thim quyén giai quyét H%
kién nghi, dé xuit ciia Bén B vé didu chinh ndi dung chuyén mén, kinh phi va cic vén d& f:\-,
phat sinh khac trong qua trinh thyc hién dé tai; past
g) T6 chirc dinh gid, nghiém thu két qua thyc hién d€ tai ciia Bén B theo céc yéu cau, chi =2
tiéu trong Thuyeét minh;

h) C6 trach nhiém cling Bén B tién hanh thanh 1y Hop dong theo quy dinh hién hanh;

i) Phéi hop cing Bén B xir 1y tai sin dugc mua sim bing ngén séch Truong DHSPKT,
DHDN hogic duge tao ra tir két qua nghién clru cia d€ tai st dung ngén séch Trudng
DHSPKT, DHDN (néu c6) theo quy dinh ciia phép ludt;

k) Tiép nhén két qua thuc hién dé tai, ban giao két qua thyc hién dé tai cho 6 chirc dé xuét
diit hang hoc t6 chirc trién khai img dung sau khi dugc nghiém thu;

1) C6 trach nhiém huéng dén viéc tra thi lao cho tic gia néu 6 lgi nhun thu dugc tir viée
img dung két qua cia dé tai va théng béo cho tic gia viéc ban giao két qua thyc hién dé tai
(néu co);

m) Uy quyén cho Bén B tién hanh déing ky bao h$ quyén s& hiru tri tué ddi véi két qua thyc
hién d€ tai (néu c6) theo quy dinh hién hanh;

n) Thyc hién cic quyén va nghia vu khac theo quy dinh ctia Luat KH&CN va céc vin ban
lién quan.

2. Quyén va nghia vu ciia Bén B

T2024-06-03. Newn &n Thanh Som
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a) Té chire trién khai diy du cde ndi dung nghién ciru cia d& 1ai dap img chic yéu chu chht
hremg, tién 4 va chi tiéu theo Thuyét minh;

b) Cam két thyre hién va ban giao sin phfim cudi cung dap img diy du céc tiéu chi da duge
phé duyét:

¢) Duge quyén ty chi, tyr quyét dinh vige sir dung phin kinh phi dé thyc hién dé tai theo dy
toan kinh phi d& tai, duge quyén ky két hgp dong thué khodn chuyén mén véi céc thanh
vién tham gia thyre hién; va céc hgp ddng khac gdm: mua vit tw, nguyén, nhién, vét li¢u,
sira chira, mua sim tai san cé djnh, djch vy thué ngoai phyc vy nghién ciru, viin phong
phém, théng tin lién lac, in 4n c6 gié trj dudi 20 tri¢u ddng;

d) Yéu chu Bén A cung cép thong tin cAn thiét d trién khai thyc hién Hop dong;

d) Kién nghj, d& xult didu chinh cic ndi dung chuyén mén, kinh phi va thoi han thyc hién
Hop ddng khi cén thiét;

¢) Yéu chu Bén A clip du kinh phi theo diing tién d$ quy dinh trong Hop ddng khi hoan
thanh diy di ndi dung cdng viéc theo tién d cam két. Pam bio huy déng dii ngudn kinh
phi khéc theo cam két. Sir dung kinh phi diing myc dich, diing ché d¢ hién hanh va 6 hi¢u
qui;

g) Déi véi cac hop ddng khic duge quy dinh tai diém c, khoan 2, Diéu 4 hop ddng nay c6
gid trj tir 20 triéu trd 1én: Chu nhiém dé tai xdy dyng ké hoach mua sim dé giri Bén A phé
duyét va thyc hién mua sim theo quy dinh cuia phép lujt;

h) Chép hanh céc quy dinh phép luét trong qué trinh thyc hién Hop ddng. Tao diéu kién
thuan lgi va cung cép dy di théng tin cho cic co quan quan Iy trong viéc gidm sét, kiém
tra, thanh tra d6i véi dé tai theo quy dinh ciia phép ludt;

i) Thyc hién viéc ty dénh gia, nghiém thu cép co s& theo quy dinh hién hanh khi két thic
dé tai. Sau khi danh gia, nghiém thu cip co s& hoan chinh lai h so theo két ludn cia Héi
dong danh gia cip co s, Bén B ¢6 trach nhiém chuyén cho Bén A cac hd so dé Bén A tién
hanh viéc danh gia, nghiém thu theo quy dinh;

k) C6 trach nhiém quan ly tai san dwgc mua sim béng ngén sich ciia Trudng DPHSPKT,
DHDN hoic duge tao ra tir két qua nghién ciru cua dé tai sir dung ngin sach Truong
DHSPKT, DHDN (néu c6). Chii nhi¢m dé tai c6 tréch nhiém ban giao tai sin dugc mua
sém bing ngén sich Truéng DHSPKT, DPHPN hoic dugc tao ra tir két qua nghién ciru ciia
dé tai cho co quan chii quan dé tai dé quan 1y va sir dung.

1) C6 tréch nhiém cling Bén A tién hanh thanh Iy Hop dong theo quy dinh;

m) Thyc hién viéc déing ky bao hd quyén s hiru tri tué theo ity quyén ciia Bén A ddi véi
két qua nghién ciru (néu cd);

n) Chu nhiém d@ tai giao njp két qua thyc hién dé tai cho bd phén lwu giir thong tin cia co
quan chu quan dé tai. Co quan chi quan dé tai x4c nhan viéc giao nop két qua thyc hién dé
tai cho chu nhiém @2 tai.

e : z
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0) Céc san phﬁm khoa hoc cong bd drge tinh khi ¢6 1o ghi nhin Trudimg DHSPKT, DHDN,
cy thé nhu sau:

+ Dbi voi bai bo khoa hoc viét bing tiéng Anh: “This research is funded by The
University of Danang - University of Technology and Education under project number
T2024-06-03";

+ D4i véi bai bao khoa hoc viét bﬁng lic‘:ng Viét: “Nghién ciru nay dugce tai trg
bdi Trudmg Dai hoe Sw pham K§ thudt, Dai hoc Da Ning trong dé tai c6 mi s6 T2024-
06-03";

D6i vé6i san phim khoa hoc ¢6 10i ghi nhin Trudémg DHSPKT, DPHDN va céc ngudn
kinh phi trong nude khac, Tnromg DHSPKT, DHDN sé tinh mirc ) hoan thanh cta san
phém d6 nhu sau: Phan cong trinh dugc tinh cho san phém @ tai nay dugc chia theo ty 1€
déng gdp cua mdi ngudn kinh phi thyre hi¢n. Trong truémg hop khéng xac dinh dugc cy thé
ty 1¢ déng gop clia mbi ngudn kinh phi thi phan cong trinh duge tinh cho san phim dé tai
nay s& bing mjt (01) chia cho sé ngudn kinh phi trong nuéc. Téng sé phan céc cong trinh
duge tinh phai dap img yéu ciu vé s lugng theo thuyét minh dé tai da phé duyét.

Thoi gian thye hién san phdm cua dé tai phai dugc trién khai trong khoang thai gian
thue hién dé tai.

p) Chu nhiém d& tai cling véi cic ¢4 nhan tryrc tiép sang tao ra két qua nghién ciru khoa hoc
va phit trién cong nghé dugc dimg tén téc gia trong dé tai va hudmg quyén tic gii bao gom
ca cac lgi ich thu dugc (néu c6) tir viéce khai thac thuong mai céc két qua thyc hién dé tai
theo quy dinh phap luat va cic thoa thuén khéc (néu co);

q) C6 trach nhiém tryrc tiép hodic tham gia trién khai img dung két qua nghién ciru khoa hoc
va phat trién cong nghé theo yéu ciu ciia Bén A hodc t chifc, c4 nhan dugc Bén A giao
quyf‘:n s hiru, sir dung két qua thyc hién dé tai;

r) Thuc hién bao mat cac két qua thuc hién d tai theo quy dinh vé béo vé bi mét cia nha
nuoc;

s) Thyc hién cic quyén va nghia vu khéc theo quy dinh Lugt KH&CN va céc vin ban lién
quan.

Diéu 5. Chim dirt Hop ddng

Hop ddng niy chim dirt trong cac trudng hop sau:

1. Dé tai 43 két thic va duge nghiém thu.

2. Bén B bj chim dirt hop ddng thuc hién d& tai khi c6 d€ nghj thanh 1y Hop ddng ciia Héi
dong thanh Iy dé tai cip Truong.

Piéu 6. Xir Iy tai chinh khi chim dirt Hop ddng

1. Dbi véi dé tai da két thiic va dugc nghiém thu:

a) Dé tai da két thic va danh gid nghiém thu tir mirc “Pat” trds 1én thi Bén A thanh toan day
du kinh phi cho Bén B theo quy dinh tai Hop ddng nay.
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b) Dé tai d& k&t thic, nhumg nghiém thu mire “khong dat” thi Bén A xem xét, quyét todn

kinh phi cho Bén B trén co ¢ két luén cia Hoi ddng dénh gi vé nguyén nhén, trach nhiém

va nhimg ni dung cong vigc ma Bén B da thyce hién ¢6 san phim thyc té duge danh gia.

Bén B ¢6 trach nhiém hoan tra toan b 6 kinh phi ngén séch nha nudce da cdp nhung chua

sir dung. Di véi khoan kinh phi da sir dung dwge dp dung xir 1y dbi vai truimg hop dé tai

khong hoan thanh drgc quy dinh tai Diéu 16 Thong tur lién tich s6 27/2015/TTLT-BKHCN-

BTC ngay 30/12/2015 cia By Khoa hoc va Cong nghé - B{ Tai chinh quy dinh khoéan chi

thyre hién nhiém vy khoa hoc va cong ngh¢ str dung ngan sach Nha nudc.

2. Déi véi ¢ tai chém dirt khi c6 can cir khiing dinh khong con nhu cau thyc hién:

a) Trudmg hop Dé tai chiAm dirt khi ¢6 cin cir khing dinh khong con nhu cdu thyc hién thi

hai bén cling nhau xéc djnh khéi lugng cong viéc Bén B di thyc hién dé 1am cin cir thanh

ton s6 kinh phi Bén B da si dung nhim thyc hién dé tai va thu hdi sd kinh phi con lai da

céip cho Bén B. :

b) Trwomg hop hai bén thoa thuén ky Hop ddng mdi dé thay thé va két qua nghién ctru cia

Hop ddng cii 1a mdt by phén céu thanh két qua nghién ciru cia Hop dong méi thi sb kinh

phi 43 cép cho Hop dong cii dugc tinh vao kinh phi cip cho Hop ddng méi va duge tiép tuc

thye hién véi Hop dong méi.

3. D6i véi Dé tai b dinh chi theo quyét dinh cta co quan c6 thim quyén hoéc Hop dong bi

chim dirt do Bén B khéng nop hd so dé danh gi4, nghiém thu DE tai theo quy dinh phap

luit thi Bén A s& tién hanh tht tuc thanh 1y d2 tai theo quy dinh.

4. D6i véi Dé tai khong hoan thanh do 18i ciia Bén A din dén viéc chdm dit Hop ddng thi

Bén B khéng phai bdi hoan sb kinh phi da sir dung dé thye hién DE tai, nhung van phai thyc

hién viéc quyét toan kinh phi theo quy dinh cia phap luét.

Diéu 7. Gia han 42 tai

Trong trudng hop Chii nhiém chua hoan thanh cic ndi dung nghién ciru va ¢6 dé xuit xin

gia han thdi gian thyc hién, Hop dong tr dong gia han thém tdi da 6 thang theo quy dinh

(dén thang 6/2026) trén co s& bio céo dinh k¥ tinh hinh thyc hién d& tai va két lun cia don

vi ch tri.

Diéu 8. Xir Iy tai san khi chdm dirt Hop ddng

1. Khi cham dirt Hop ddng, viéc xir Iy tai san dugc mua sém hoic dugc hinh thanh bing

ngan sich Truomg PHSPKT, DPHDN cép cho dé tai dwgc thyc hién theo quy dinh phép lujt.

2. Cac san pham vit chat cia Dé tai sir dung ngan sach Truong PHSPKT, PHDN: ngudn

thu khi cic sin phim nay dugc tiéu thu trén thj trudong sau khi trir cac khoan chi phi cin

thiét, hop 1€, dugc phan chia theo quy dinh phép luat.

Diéu 9. Piéu khoin chung

1. Trong qua trinh thyc hién Hop ddng, néu mét trong hai bén c6 yéu céu sira di, bd sung

ndi dung hoc c¢6 cin cir dé chim dirt thyc hién Hop dong thi phai thong bao cho bén kia it

nhit 14 15 ngay lam viéc trude khi tién hanh sira déi, b sung hoéic chim dirt thuc hién Hop
6
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ddng, xac dinh trdch nhiém cia mdi bén va hinh thire xir 1y, Céc sira ddi. b sung (néu c6)
phai 1ap thanh viin ban c6 day du chit ky cua céc bén va duge coi 1a b phan ciia Hop dong
va 1 ciin cir 8¢ nghiém thu két qua cda d@ tai.

2. Khi m{t trong hai bén gip phai tnromg hop bat kha khang din dén viéc khéng thé hodc
chiim thyre hi¢n nghia vu da thoa thuén trong Hop dong thi c6 trach nhiém thong béo cho
Bén kia trong 10 ngay lam vigc ké tir ngay xay ra sy kién bat kha khang. Hai bén c6 trach
nhi¢m phdi hop xéc dinh nguyén nhén va bo céo co quan quén Iy nha nude c6 thAm quyén
dé giai quyét theo quy dinh ctia phép luét.

3. Hai bén cam két thye hién ding céc quy dijnh ciia Hgp ddng va 6 trach nhiém hop téc
giai quyét cic vudng méc phét sinh trong qua trinh thyc hién. Bén vi pham céc cam két
trong Hop dong phai chju trach nhi¢m theo quy djnh phap lujt.

4. Moi tranh chép phat sinh trong qué trinh thyc hién Hep ddng do cac bén thuong lugng
hoa giai 4 giai quyét. Trrong hop khong hoa gidi duge thi mét trong hai bén ¢6 quyén dua
tranh chép ra dé giai quyét theo quy dinh ciia phap lut.

5. qu dong tr dong thanh 1y khi han bcn hoan thanh nghia vy thco hqp dong da duqc ky
két. Trong trudmg hop thanh ly dé tai (néu c6), bén B hoan tra s tién da du'qc Hoi dong
thanh Iy dé tai két ludn trong ndi dung cua Bncn ban hop h¢i ddng thanh ly dé tai. Bén B

thye hién viéc hoan tra bang hinh thirc chuycn khoan vao tai khoan sau day cua Tru&mg Dai
hoc Su pham K¥ thut trong thi han 30 ngay ké tir ngay hop héi dong thanh ly dé tai, chi

tiét thong tin nhwr sau:

- Tén tai khoan: Trudmg Dai hoc Su pham Ky thuat.

- Sétaikhoan: 56110001076650 tai Ngin hang BIDV chi nhédnh Da Nng.
Piéu 10. Hi¢u lyc ciia Hgp dong
Hop déng nay c6 hiéu lyc tir ngay ky. Hop ddng niy duoc 1ip thanh 06 ban (01 ban goc va
05 ban chinh) va c6 gié trj nhir nhau, Bén A giir 02 ban, Bén B giir 04 ban c6 gié tri phap
Iy nhu nhau.

_ BENB
CHU NHIEM DE TAI
Nguyén Lé Hiing Nguyén Thanh Son
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STT N§i dung nghién célm theo Thivi gian DA | Dang | Ch
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thuyét minh ae tai thye hi¢n thye thye | thye
__hi¢n hi¢n hi¢n
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thi nghi¢m qua trinh truy&n nhiét 003(//220(;225 5' X
ciia cdc thiét bj trao ddi nhidt g
. A ; 06/2025 -
Xy dymg md hinh thi nghi¢m do 09/2025 X
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IV. Kién nghj: khong
Da Néng, ngay 5 thdng 11  ndm 2025
Ae ad
TM. H{i dong khoa Chii nhi¢m dé tai
(%, ho va tén) (ky, ho va tén)
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A STUDY TO EVALUATE THE EFFECTS OF GEOMETRICAL
PARAMETERS OF A HEATED BOTTOM WALL IN A LID-DRIVEN
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This study numerically investigates mixed convection in a square lid-driven
cavity with a locally heated bottom wall of varying geometry. Four configurations
are examined with a geometric ratio Ar = W/(H+W) ranging from 1 to 0.33,
while maintaining a constant perimeter of the heated region. Two-dimensional,
steady-state simulations (Re = 6667, AT = 10-20 K; Ri = 327-654) are
performed using the finite volume method with the Boussinesq approximation.
The results indicate that increasing AT enhances flow intensity and thermal

Lid-driven square cavity
Square cavity

CFD simulation

Moving wall

Separation

gradients without altering the primary vortex structure. In contrast, the heater
geometry strongly influences the flow pattern and temperature distribution. When
Ar decreases to 0.33, the average thermal gradient increases by more than 60%
compared to Ar = 1, and the central velocity rises significantly due to flow
constriction. However, this local intensification does not result in global heat
transfer optimization. The maximum average Nusselt number is obtained at Ar =
1 (51.89 at AT = 20 K), approximately 6.18% higher than that at Ar =~ 0.33. The
correlation Nu,g ~ Gr* with n = 0.21 confirms the mixed convection regime.
Overall, the findings demonstrate that heat transfer performance depends on the
balance between local acceleration effects and the effective heat transfer area,
rather than solely on peak thermal gradients.

NGHIEN CUU PANH GIA ANH HUONG CUA CAC THAM SO HINH HQC
CUA TUONG PAY PUQC GIA NHIET TRONG KHOANG VUONG CO NAP
TRUQT BANG MO PHONG CFD
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Tudng chuyén dong

Su tach dong

Nghién ctru ndy khao sat s6 d6i luu hdn hop trong khoang vudng cé nip truot
khi day dugc gia nhiét cuc b véi hinh hoc thay d6i. Bon cau hinh dwoc khao
sat voi ty sb hinh hoc Ar = W/(H+W) tir 1 dén 0,33 trong khi gitr nguyén chu
vi ving gia nhiét. M6 phong hai chiéu, 6n dinh (Re = 6667; AT = 10-20 K;

= 327-654) duoc thyuc hién biang phuong phéap thé tich hiru han va xap xi
Boussmesq Két qua cho thiy ting AT lam gia ting cuong do dong va
gradient nhiét nhung khong lam thay dol CAU tric xoay chinh. Nguoc lai, hinh
hoc ving gia nhiét chi phdi manh cau triic dong va phan bé nhiét. Khi Ar
giam xuong 0,33, gradient nhi¢t trung binh tang trén 60% so véi Ar = 1, ddng
thoi van tbc trung tam tang dang ké do hiéu ung that dong. Tuy nhién, su gia
tang cuc bo nay khong dan dén sy t6i wu héa truyén nhiét toan cuc. Gia tri
NU,yg 60 nhit dat duoc tai Ar = 1 (51,89 & AT = 20 K), cao hon khoang
6,18% so0 v&i Ar = 0,33. Quan h¢ Nuyg~ Gr* v6in = 0,21 xéc nhén ché do ddi
luu hdn hop. Két qua cho thiy hiéu qua truyen nhiét phu thudc vao su céan
bing gitta gia téc cuc bo va dién tich trao ddi nhiét hiéu dung, thay vi chi dya
trén gradient nhiét cuc dai.
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1. Gioi thigu

Khoang vudng c6 nip truot 1a mot bai toan chuan kinh dién trong co hoc chat luu va truyén
nhiét, dugc str dung rong rai dé nghién clru cac co ché dong chay va trao ddi nhiét lién quan dén
nhiéu ing dung k¥ thuat quan trong nhu lam mat linh kién dién tir, ché bién thuc pham, thong gio-
diéu hoa khong khi va cac hé thong nhiét cong nghiép. Méc du c6 cau hinh hinh hoc don gian,
nhung dong chay trong khoang lai thé hién nhiéu hién tuong vat 1y phirc tap nhu sy hinh thanh
xody thi cap, phan nhanh dong chay, chuyén dong khong 6n dinh va cac co ché chuyén tlep, khién
md hinh nay trd thanh mot bai toan kiém chimg dién hinh cho cac phuong phap mé phong so.

Trong nhiéu thap ky qua, cac nghién ctru s6di tdp trung phan tich anh huong cua
sd Reynolds, Grashof va Richardson dén ciu tric dong chay va dic tinh truyén nhiét trong
khoang c6 nép trugt véi cau hinh hinh hoc duge gitt ¢ dinh [1], [2]. Bén canh viéc thay ddi tham
s6 dong chay, mot s nghién ciru di dua vao cac hiéu Gmg vat 1y bd sung, ching han ngudn nhiét
bén trong [3] nham danh gi anh hudng ciia cac tham sé diéu khién dén dic tinh thity nhiét cua
hé. Pong thoi, anh huorng cua cac vat can bén trong khoang cting dé dugc lam 5, cho thdy hinh
dang va diéu kién gia nhiét cua vat can c6 tac dong dang ké dén ciu trac xody, mirc do tron va
phan bd ap suét [4] - [6]. Ngoai ra, viéc bién d6i hinh hoc cuc bd thong qua vi tri khe truot gia
nhiét [7] hay bién d6i hinh hoc déy (bac thang) [8] gitip tang dang ké hiéu qua truyén nhiét trong
khoang. Gan day hon, cac nghién ctru chuyén sang khao sat 601 Iwu hdn hop véi sy bién doi hinh
hoc cua thanh ddy dwoc gia nhiét trong khoang vudng c6 nip truot [9], [10], ciing nhu phan
tich anh huong két hop cia tham sb hinh hoc va nhiét d6 théng qua mé phong CFD [11]. Tuy
nhién, phan 16n cac cong trinh hién c¢6 cht yéu xem xét riéng 1& anh hudng cua tham s6 hinh hoc
hodc diéu kién nhiét do, trong khi sy twong tac dong thoi giita hinh hoc ving gia nhiét va chénh
léch nhiét do trong ché d6 d6i luu hdn hop van chua duoc phan tich mot cach hé théng. Pac biét,
trong cau hinh ¢ ving gia nhiét cuc bo két hop véi néap truot, twong tac giita dong cudng buc va
Iic ndi c6 thé hinh thanh cac dong tia cuc bd, gy phan ting nhiét va 1am thay doi ciu tric xody
cling nhu gia tri s6 Nusselt trung binh.

Vi vay, nghién ctru ndy sir dung m6 phong CFD dé khao sat ddi luu hdn hop trong khoang
vudng cd nap trugt, tap trung phan tich anh huong két hop cua hinh hoc vung gia nhiét va chénh
léch nhiét do cua thanh day dén cdu tric dong chay va dic tinh truyén nhiét. Két qua thu duoc
nham cung cép co s& dinh luong cho viée hiéu rd co ché twong tac thity nhiét va gop phan dinh
hudng t6i wu hoa hiéu sudt cac hé thong truyén nhiét lién quan.

2. Phwong phap nghién ciru
2.1. M6 hinh tinh todn

L=1m L=1m L=1m L=1m
TC TC TC TC
-
W =0,02 I
T w=04m I -
o
W=1m '°°[ 2 ‘ |T“‘
ST, 3
Th
Trwong hop 1 Trwong hop 2 Trwong hep 3 Trwong hop 4
(Ar=1) (Ar =0,75) (Ar = 0,57) (Ar = 0,33)

Hinh 1. Cdc truong hop dwoc khdo sdt ciia khoang vudng cé ndp truot véi twong ddy dwoc gia nhiét
M0 hinh tinh toan dugc xay dung dya trén cac hé théng k¥ thudt thuc té co co cau trugt tbe do
thap va gia nhi¢t day mirc trung binh nhu budng say nhe, thict bi dong go6i nhiét va hé thong bao
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6n cong nghiép. Hinh 1 m6 ta khoang vuéng canh L = 1 m v6i nap trén chuyén dong; khong khi la
mdi chat, chiu tac dung cua trong lyc hudng xudng; nip truot tir trai sang phai voi van tbc 0,1 m/s
va giit & T, = 298 K, trong khi hai tuong bén dugc cach nhiét hoan toan. Tudng day gom hai phan:
phan duoc gia nhiét va phan khong gia nhiét. Phan d4y khong gia nhiét dugc cach nhiét hoan toan,
trong khi nhiét do cua phan day duogc gia nhiét (Ty,) duoc duy tri ¢ ba murc khac nhau: 308 K, 313 K
va 318 K. Truong hop thir nhat, phan day duoc gia nhiét co bé rong 1 m, ba truong hop con lai sir
dung céc hinh dang khac nhau véi chiéu cao H va chiéu rong W duogc thiét ké sao cho chu vi phén

gia nhiét khong doi; va ty sb hinh hoc ctia phan nay dugc dinh nghia 1a Ar = W
+

2.2. Cac phwong trinh todn hoc

Cac phuong trinh bao toan khdi luong, dong luong va nang luong cho dong chay khong nen
duogc trong ché d6 6n dinh va dong chay tang, hai chiéu dugc biéu dién nhu sau [12] - [14]:

ou ov
oy )
2 2
u@+v@ _E@ H ou +6_L: (2)
dy px ploaxt oy

SV, v 1P u[azv v

V —_——
ax ay pox plox® oy’

et @

6(pUCpT)+0(PVCpT) =k(32_-£+32_1-] @
ox oy X’ oy
1
b= (5)

f
Trong d6, u va v 1an lugt 13 cac thanh phan van toc theo phuong x va y (m/s); p la khéi lugng
riéng cua chat 1ong (kg/m ); P 1a 4p suét (Pa); p 1a d6 nhét dong luc hoc cua chét 1ong (kg/m.s); p
12 hé sb gidn no nhiét (K- 1: T;va T lan luot 12 nhiét d6 tham chiéu cua chat 1ong va nhiét do chat
long (K); k 12 hé s6 dan nhiét cta chit long (W/m.K); g 1a vecto gia toc trong truong (m/s?); va
C,1a nhiét dung riéng (J/kg.K).

2.3. Cdc gid thiét cho doi lwu hon hep

- Dong khéng khi duge gia thiét 1a hai chiéu, 6n dinh, khong nén dugc va chay tang. Day la
cach tiép can dd dugc ap dung rong rii trong cac nghién ciru s trude ddy vé dong chay trong
khoang vudng c6 nép trugt nham don gian hoéa mé hinh va giam chi phi tinh toan.

- Su sinh nhiét bén trong dugc bo qua.

- Cac tinh chét nhiét-vat 1y ciia mdi chat dugc coi 1a khong ddi; tuy nhién, khéi lugng riéng
xudt hién trong luc thé tich cua phuwong trinh dong luong duogc xtr Iy theo xap xi Boussinesq (boi
Vo1 trudng hop khit khe nhat AT =20 K thi B.AT = 0,065 < 0,1), do d6 cho phép mé ta lyc noi.

- Truyen nhiét bang birc xa dugc xem la khong dang ké.

2.4. Diéu kign bién
Tuodng trén (na"lp trugt): u=U, v=0, T = T.. Hai tuong bén trai va phai: u=0, v=0, Z—I =

Phén tuong day dugc gia nhiét: u= 0, v =0, T = T}. Phan tudng day khong gia nhiét: u=0, v =

0 T o,
oy
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2.5. Lwdi tinh todn

Ludi thé tich hitu han c6 cu tric véi do phan giai cao duogc xay dung cho cac truong hop 1-4
(Hinh 2 thé hién ciu trac ludi cua truong hop 2).

Dé kiém tra doc 1ap ciia ludi thi mot nghién ctru d6 nhay cia ludi duoc tién hanh cho truong
hop 4. O day, truong hop 4 (Ar = 0,33) dugc chon cho nghién clru nay vi nd tao ra sy co hep
dong chay manh nhit, do d6 c6 yéu cau khit khe nhat vé do phéan giai. Vi vay, cac truong hop
con lai Ve~1n dam bao dugc tinh doc 14p cta ludi va mirc do héi tu. Ba mirc mat do ludi duge khao
sat, bao gbm thd (10.000 phan tir), trung binh (20.000 phan tir) va min (40.000 phan tir), trong do,
tai nap truot, tudng day duoc gia nhiét; ving that .dong luéi dugce tién hanh tinh chinh cuc bg: ¢6
it nhat 20 diém ludi dugc bd tri trong pham vi chiéu day 16p bién nhiét.

[

000 40000 800,00 (mm)
[ EEEaaaaa— )

200,00 600,00
Hinh 2. Cdu tric luéi ciia trweong hop 2

S6 Nusselt trung binh tai tuong day dugc gia nhiét (Nua,g) duge st dung lam tiéu chi chinh dé
danh gia su hoi tu. Theo Bang 1, sai sb trong ddi cua Nu,yg gidm déng ke khi luéi dugc tinh min
hon. Su sai khac gitia luéi Trung binh va lugi Min chi khoang 0,36%, nam hoan toan trong gidi
han chap nhén duoc ddi véi do chinh xac s6. Do d6, lugi Medium véi 20.000 phan to duoc lua
chon cho tit ca cac mo phong tiép theo nham dat dugc sy can bang t6i wu gitta d6 chinh xac tinh
toan va hi€u qua sur dung tai nguyén.

Bang 1. Kiém tra tinh déc ldp cia ludi

S6 Nusselt trung binh tai twomg day gia Sai s0 twong doi

Mirc ludi S0 phan tir nhiét NU (T = 313 K) (%)
Tho 10K 44,19 -
Trung binh 20K 46,80 5,90%

Min 40K 46,97 0,36%

2.6. Kiém chitng moé hinh

Céc phép tinh duoc thuc hién bang phuwong phap thé tich hitu han théng qua phan mem
thuong mai ANSYS Fluent®. Thuét toan SIMPLEC dugc dung dé lién ket giita trudng ap suat va
van toc. Cac két qua s6 dugc Xem 1a hoi tu chap nhan dugc khi sai s6 cia phuong trinh nang
luong va dong luong dat den 10 va d6 bién thién tuong dbi cua Nugyg, van téc cuc dai nhé hon
10 giira cac 1an lap lién tiép. M6 hinh duoc kiém chimg véi trudng hop day phing gia nhiét
(truong hop 1).

Dé tang do tin cdy, md hinh khong chi dugc so sanh ndi by ma con duoc d6i chiéu voi cac
nghiém chuén cho bai toan khoang vudng ¢ nip truot v6i tudng day dugc gia nhiét trong ché do

http://jst.tnu.edu.vn 345 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 231(02): 342 - 349

dbi luu hdn hop. Cu thé, gia tri Nugyg va ciu triic trudng dong dugc so sanh voi cac két qua kinh
dién trong tai liéu ciia Iwatsu [1] va Oztop [2]. Sai khac nim trong khoang chap nhan dugc
(<5%), cho thidy mo hinh c6 kha nang tai hién dung co ché twong tic gitta luc cat do nap trugt va
luc no6i. Ngoai ra, xu hudng tang ctua Nu,y,g theo AT dugce phan tich theo quan h¢ lity thira: Nug,g ~

GI". Tir céc dit lidu & Bang 2, v6i ba mirc AT (10, 15 va 20 K) c6 duge E% jj;gz 1154, két
308

qua thu duoc cho n = 0,21. Gi4 tri ndy nam trong khoang 0,2—0, 33 thuong gap cho dbi luu hon
hop, phu hop voi ly thuyét va cac nghién ctru trude. Tuy nhién, can luu ¥ rang ba diém dir liéu
chi du dé xac nhan xu huéng phu hop vé mit vat 1y, chua du dé thiét 1ap mot quan hé thuc
nghiém c6 dé tin cay théng ké cao. Do do, két qua nay dugc xem la kiém chimg tinh nhit quan
ciia md hinh hon la xay dung quy luat tong quat. Trong cac nghién ctru tlep theo, viéc mé rong
dai AT va s6 diém dit liéu s& dugc thuc hién dé cung c0 d0 tin cdy cua hé s6 mii n.

Bang 2. Kiém chitng mé hinh sé dwa trén Nutayg cho truong hop 1

Th (K) T, (K) AT (K) NUayq Téc d ting ciia Nuy,
308 298 10 44,98 -
313 298 15 48,95 8,84%
318 298 20 51,89 6,00%

3. Két qua nghién ciru va thao luan

Dé danh gia anh hudng ctia cac tham s6 hinh hoc tuong day gia nhiét, phan bd nhiét d6 va van
toc cua bon truong hop dugc trinh bay, phan tich va so sanh.

3.1. Vdn téc

Trwong hep 1 Trwong hep 2 Trwong hep 3 Trwong hep 4
Hinh 3. Truong vin toc ciia cdc truong hop 1-4 tai Ty, = 308 K

Hinh 3 minh hoa dnh hudéng cta cac tham sb hinh hoc tudng ddy duoc gia nhiét dén phan bd
van tdc trong khoang vuéng c6 nap trugt. Truong hop 1 xuét hién mot xody chii dao véi truong
van tbc twong dbi dong déu, trong khi truong hop 2 chi tao ra cac nhidu loan cuc bd yéu gin
tuong day. Nguoc lai, truong hop 3 va 4 lam ting dang ké gia toc dong chay doc theo hai bén vat
can va hinh thanh céc ving hau luu van tbe thép. bic biét, truong hop 4 tao ra dong tia ro rét voi
cac gradient van tdc manh nhét, phéan anh mtrc d6 that chat dong chay cao.

Viéc tang Ty, lam tiang cuong luc ndi, tir 46 dan dén van tbc dong chay 1on hon, diéu nay thé
hién & & Hinh 4a. Tuy nhién, hinh dang tong thé ctia phan bd van toc doc theo duong tim ngang
hau nhu khong thay ddi, cho thdy nhiét do chu yéu anh huéng dén cuong do dong chay hon 1a lam
bién ddi chu truc dong chay nén. Dbi voi tht ca cac murc Ty, truong hop 1 thé hién van tde cuc dai
16n nhét do sy chi phdi manh cta dbi luu cudng bic, trong khi truong hop 3 cho gié tri thap nhat vi
I ndi khong duge chuyén héa hiéu qua thanh van tc dong chay; nhu tai 313 K, van toc cuc dai
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doc theo duong tdm ngang cua cac truong hop 1-4 lan luot 1a 0,145; 0,101; 0,065 va 0,083 mys.
Ngoai ra, trong ving X = 0,4-0,6 m, truong hop 4 ghi nhan van toc 16n nhat, chimg t6 sy xuét hién
ctia dong tia manh do hiéu ung that dong tir phan gia nhiét hep, trong khi truong hop 1 xuét hién
ving van tde thép vi khong co gia tde cuc bd. Cac sai khac phﬁn tram duoc tinh theo d6 16n van tdc
trung binh theo dién tich doc theo duong tdm ngang trong khoang nay; tai 313 K, truong hop 4 cao
hon truong hop 1, 2 va 3 lan lugt khoang 467%, 143% va 70%.

0,18 0,18
0,16 0,16
0,14 0,14
—0,12 0,12 NN
© )
20 B o1
-.g o
S g : ! ! ! : : :
20,08 = 0,08 - fr A
- 3
0,06 ” 0,06
0,04 0,04
0,02 0,02 |
0 0
00 01 02 03 04 06 07 08 09 1,0 00 01 02 03 04 06 07 08 09 1,0
X[m] Y[m]
—s—308.Thl 313.Thl 318Thl —&—308.Th2 —&—313.Th? =—a—318.Th2

—8——308.Th3 —=—313.Th3 —=—318Th3 —=—308Th4 —=—313.Th4 —=—315.Th4
Hinh 4. Phdn b6 vin toc doc theo dwong tim ngang (a) va dirong tam thang dirng (b) cho bon trwong hop

Mic du Re = 6667 nén dong chay dugc xem 1a cudng buc chi phdi, nhung khi Ty, ting tir 308
K dén 318 K thi Ri ting tir 327 dén 654, nén dbi luu ty nhién chiém wu thé manh so voi ddi luu
cudng birc do nép truot. Vi vay, luc ndi van anh hudng 1o dén phan bd van tdc. Theo Hinh 4b,
khi T}, tang van toc doc theo dudng tdm dimg trong tit ca cac truong hop déu gia ting do luc ndi
duoc tang cuong, voi van tdc cuc dai tang khoang 10-13% cho méi 5 K, dic biét gﬁn cac bién
dudi va trén. O moi muc Ty, truong hop 1 va 2 dat van tdc cuc dai doc theo duong tam dung cao
hon dang ké so véi truong hop 3 va 4, do sy phat trién thuan loi hon cta chuyén dong thing
ding. Ch:fmg han, tai 318 K, van toc cuc dai cua cac truong hop 1-4 lan luot 1a 0,179; 0,180;
0,070 va 0,069 m/s.

3.2. Nhiét dp

DD 2 B B B0 9. . . . % 9. I . . O, %
959 "% 0y % %0, 0, %05 90> 05 %0, %0, %0505 Y %05 %05 05

(P s | raa— s | —

Truwong hep 1 Truwong hep 2 Trwong hop 3 Truwong hop 4
Hinh 5. Truong nhiét do cua cac truong hop 1-4 tai T, = 308 K
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Hinh 5 cho thdy tham s6 hinh hoc cua tuong day dugc gia nhiét khong chi chi phéi cuong do
truyén nhiét ma con anh hudng dén cau trac truong nhiét trong khoang. Khi Ar giam, phan b
nhiét d6 trd nén kém ddng déu va hiéu suét truyén nhiét tong thé suy giam vi truyén nhiét trung
binh phu thudc vao thong lugng nhiét tich phan trén toan bé mit, khong chi vao cuc dai cuc bo
cua 0T/on.

311 320
3175 (b)
315
312,5
g —_—
= 2 310
=4
L-1 :go
g E 3075
2 z
305
302,5
300
301 1 1 I I I H H H 297,5
00 01 02 03 04 06 07 08 09 10 00 01 02 03 04 06 07 08 09 1,0
X[m] Y[m]
A08.Thl 313.Thl 318 Thl ——308Th2? —s—=313.Th2 =——i=—315.Th2
—=—308Th3 —=—313.Th3 —=—318Th3 —=—308Th4 —+—313Th4 —-—318.Thd

Hinh 6. Phdn bé nhiét dg doc theo dwong tim ngang (a) va dwong tam thang ditng (b) cho bon truong hop

Hinh 6 cho thiy dang phan bd nhiét d6 doc theo ca duong tim ngang va duong tim thing
dung hau nhu khong thay d6i. Hanh vi nay cho thy nhiét d6 T}, chii yéu anh huong dén d6 16n
cta truong nhiét, hon 1a lam bién ddi cau trac khong gian cua n6. Bén canh do, ty. sO Ar chi phdi
su phat trién khong gian cua dong chay do lue noi gay ra. Viéc giam ty sd Ar dan dén su phan
tang nhiét manh hon va lam suy giam hi¢u suét truyen nhiét, qua d6 nhan manh vai tro chi phdi
ctia sy thit chat hinh hoc trong ché d6 d6i luu hdn hop. Tai 318 K, gia tri gradient nhiét d6 trung
binh doc theo duong tdm ngang lan luot 13 3,99; 4,49; 4,71 va 6,49 K/m, trong khi theo duong
tam thang dimg dat 20,00; 25,07; 28,57 va 33,34 K/m cho cac trudng hop 1-4, khang dinh vai tro
chi phéi ctia hinh hoc ddi véi sy phat trién truong nhiét; va sd Nusselt trung binh tai tudng day
duogc gia nhiét 1an luot 1a 51,89; 51,31; 46,17 va 48,87 cho cac truong hop 1-4. Qua déy, truong
hop 4 (Ar nho nhét) co gradient nhiét lorn nhét 1a do hi¢u tng thit dong, nhung su thu hep dién
tich hiéu dung va phan b dong khong dong déu khién Nugy,, khong dat gia tri cao nhat.

4. Két luan

Nghién ctru lam rd anh huong cta cac tham s6 hinh hoc tuong day duoc gia nhiét dén dong
chay va truyén nhiét trong khoang vuéng co6 nap trugt dudi ché do déi luu hon hop (Re = 6667;

= 327-654; Pr=0,71). Cac két qua chinh gom:

e Giam ty s6 hinh hoc Ar lam ting hiéu tng thit dong, hinh thanh dong tia va ting van tdc cuc
bo, nhung khong lam thay doi dang ké xoay chinh.

e Trudng hop 4 (Ar = 0,33) tao gradient nhiét do trung binh 16n nhét (33,34 K/m tai 318 K)
nhung khong téi wu truyén nhiét do dién tich trao ddi nhiét hiéu dung giam.

o Truong hop 1 (Ar = 1) cho Nu,y, 16n nhét (51,89 tai AT = 20 K), cao hon 6-12% so véi cac
truong hop khac, cho thay téi wu héa phai dya trén gia tri tich phan toan bé mit thay vi cyc dai
cuc bd.

* NU,,q tdng theo AT va tuan theo quan hé liiy thtra véi Gr (n = 0,21), xdc nhan dic trung dbi
luu hon hop trong pham vi khao sat.
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Céc két luan ap dung cho dong hai chiéu, 6n dinh véi AT < 20 K (BAT < 0,1) va cung cip co
s¢ dinh luong cho thiét k&, toi uu hoa cau hinh gia nhiét cuc bd trong h¢ thong trao doi nhiét co
tuong tac doi luu cudng birc—tu nhién.

L&i cam on

_ Nghién ctru ndy duoc tai trg boi Truong Pai hoc Su pham K thuat - Dai hoc ba Ning trong
de tai co ma so T2024-06-03.
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(Kém theo Quyét dinh s6: 26/0P-HPGSNN ngay 11 thang 7 néim 2023)

VNU Journal of Science:

46. | Mathematics — Physics (7én cii: | 2615-9341 | Tap chi | Dai hoc Qubc gia Ha Noi 0"0373 5
Khoa hoc — Khoa hoc tir nhién) 0 - 1,0 tr 2025
. 2734-9888 | | "
47. | Xay dung (08;6-8762) ['ap chi | BO Xdy dung 0-0,25
CTU Journal of Innovation and
Sustainable Development (Cii: | p-2615-6422 | Tap chi _ g
48. o : : A - r 2023
Can Tho University Journal of | e-2815-5602 ACI Lo B bige Can'Thr | @—240 2023
Science)
Journal of Advanced Tap chi | Truong Dai hoc Ton Dire .
; > . _ ) ! : . . g L ') /)f\
49, Engineering and Computation Sefit-l25% ACI | Thang =Ll
50. Klzoa hoc va Céng ngh¢ Giao 2734-9942 | Tap chi Tru'(A)rng.Dm hﬁoc Cc:ng_“ 0025 tir 2023
thong nghé Giao thdong van tai
Khoa hoc Cong ngh¢ Xay . | Vién Khoa hoc Cong nghé .
v v o e - v v _ ’)"l
31 dine 1859-1566 | Tap chi X#y dung, B X4y dung 0-0,5tr2023
52. | Khoa hoc 2354-1423 | Tapchi | Truong Pai hoc Ctru Long | 0-0,25 tir 2023
. p-1859-2333 W T . 3 .
" o 23
53. Khigeilis .2815.5599 Tap chi | Truong Dai hoc Céan Tho | 00,25 tir 2023
54. | Khoa hoc 1859-2228 | Tap chi | Truong Pai hoc Vinh 0—0,25tr 2023
_. | Phat trién Khoa hoc va Cong . | Pai hoc Québc gia Thanh .
¥ 9 o R = 3
55.| nghé: Ky thut va Congnghe | 20129872 | Tepchl | 6 13 Chi Minh (sl
Phat trién Khoa hoc va Cong . | Pai hoc Qubc gia Thanh s
26. | nohs: Khoa hoc tu nhién 2588-106X | Tapchi | 4 1A Chi Minh -0 Agcans
. . p-1859-3585 . | Truong Dai hoc Cong -
57. | Khoa hoc va Cong nghé 26159619 Tap chi nghigp Ha Noi 0-0,25 tr 2024
dng & Gi -1859-4263 uo i i
53 Khoa hoc Cong nghé Giao p-1859-4263 Tep chi Truong Pai hoc Giao 0— 0,25 tir 2025

thong vén tai

e-3030-4261

thong van tai TP HCM

Chut thich:

! )Quoc 16 uy tin Q1, 02, Q3 la cdc tap chi thuée chuyén nganh Co hoc va cdc chuyén nganh ky
thudt lién quan dén Co hoc trong Danh muc tap chi quoc té c6 uy tin theo Quyeét dinh 1 4/0D-HDQOL-
NAFOSTED ngay 18/4/2025 ciia Hpi dong quan 1y Quy Phdt tr ién khoa hoc vi cong nghé quoc gia.
Xép hang Q1-03 trong danh muc SCIE cia Web of Science tai website http://wos-journal.info/;

2) Danh muc tap chi “Web of Science khdc, Scopus” duoc tra tai cdc website:

https://mijl.clarivate.com/: https://www.scopus.com/:

3) Cac tap chi khoa hoc quéc 1é khdc do HPGS nganh quyét dinh phai dam bao cdc diéu kién:
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(Kém theo Quyét dinh s6: 26/0D-HPGSNN ngay 11 thing 7 nam 2025)

- Muc dich va pham vi diegc cong bé ré rang.

- C6 Ban bién tdp quoc té va duoc cong bé ro rang

- C6 cong bo quy trinh phan bién va c6 2 phan bién kin.

- Pa dang vé nguon géc ciia cdc tdc gia, théng tin vé tdc gia phai day di

- Dinh dang la tap chi khoa hoc.

- Xudt ban dung han; co it nhat 3 néim xudt ban hodc 6 56 lién tuc.

¢) Nha xuét bin ¢6 uy tin:

- Danh muc cac nha xudt ban quéc 1é uy tin duoc xép hang tai website:

http://workingfo.com/mbl/publischet/

- Danh muc cdc nha xudt ban trong nudc ¢é uy tin: Gido duc, Khoa hoc va K¥ thuét, PH
Qubc gia Ha Noi, PH Qubc gia TP HCM, Khoa hoc tw nhién va Céng nghé (Vién Han 1am
KH&CN Viét Nam), Xay dung, Giao thong Van tai, Bach khoa Ha N1, Dai hoc Thai nguyén.

d) Tac gia chinh:

Tac gia chinh 1 tac gia dimg dau (First author) va tac gia lién hé (Corresponding author)
duy nhat. Bai bao c6 tr 02 tac gia lién hé trd 1€n thi ca tac gia ding dau va céac tac gia lién hé
déu khong dugc tinh 1a tac gia chinh.

e) Sach chuyén khao:

Séach chuyén khao la cong trinh khoa hoc trinh bay két qua nghién ctru chuyén sau va
tuong doi toan dién cua ng vién vé mdt van dé khoa hoc chuyén nganh.
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1. Giao dién chinh

Initizlizing project ...

A Cung choss - Wornbench &
Fle View Tods Units Extersors Jobs  Help

0@ [&] /TF e

dlmport.. | Sonecomnec [F]Rekeshraect # Update proect | B8 acTSrtpage

Dezignassessman
Eigemuaius Burking
Blectne

.i

: ;

[ — 2 @ ceomeny v, 2 [y =
e et .

et e > 5 v.
Hvvimralirie
oty ! e v e -
it 5 @ solition v, 5 @ soson v
Flug Flow (olyhow & @ Resis F P Resin -
.
‘Harmomic Respomse s faee

Hydrodyamic Diftasion
Hydrodymasic Resporse
1€ Engine (Flueni)
1€ Engine (Farte)

It

= Throughion

= Teughlen Bisdece)
& Tosology Optemmaton
@ Tt Stuewral

B Tt el

B Tumomseineny Auetion

@ Bnersa madel
Fluens

B Fluere (weh Fluere mesting)

= :‘;«m:; Activate Windows -8 x|
|- v 1 a . | 3 } » [
h 4 ool fcusseen... | | 1 [ovwe ] Text T Assacaten [ o |
3 rmer S sbmorter.. (= Shom Progress | & vice s Messeges

Hinh 1. Giao dién Project Schematic cua cdc truong hop mo phong trong ANSYS Workbench
s dung ANSYS Fluent



2. Xay dung mo hinh hinh hgc (Geometry)

iadicler

Concept Tools Unis View Help
Z ) seect [y - (10 [ W
W- W~ [ fiv fv A Am A

Whme < | Sant - BB G WpsharTopciogy TEPanmacs

Becude gorece Gosuesp sonton || Bevsutace knd » 4 Cramter @iSice || @ Point ) Canversion
Statching Toboxes .

S QRAREAATE L@ M

Draw

 Line
& Tangent Line

£ tine by 2Tangents
A\ Polyiine.

=3 Arc by Tongent
@ Arcby 3 Pomts
e b Carie |
Modfy . |
Dmansion:
Constraints
Settings

sketching [Mogeiing

seeton Sketent
Snow sketen
7 Mo

x B Surface Body

= g
E:‘:n:h ] :;I 000 30000 aﬁnn {mm)
D Feady INo Selection Millimeter Degree o o
1 .t
1 ¢ ——
n.oo 30.00 B0.00 (mm)
15.00 45,00
= JQ A: Case 1
[=-y 3 XYPlane
iy @ Sketchi
3 XPI =
1 i Details View
vvvvv v YZPlane -
Bl &8 SurfaceSk I Details of Sketchi
' L., Sketchl Sketch Sketehl
/] FaceSplit1 Sketch Visibility Show Sketch
.y &0 SurfFromFaces! Show Constraints? Mo
2 ‘-/@ SurfFromFaces2 =| Dimensions: 5
“oy 89 SurfFromFaces3 H1 2000 mm
-y G0 SurfFromFacesd V2 23 mm
=% 1Part, 5Bodies \E 10 mm
f_:.m./ﬁz Part Ve 2 mm
V5 g2 mm

Ll Hot Fluid
P11 Cold Fluid
v %1 Inner Pipe
----- ~ & Outer Pipe

Hinh 2. Vé mé hinh hinh hoc (Geometry)




3. Chia ludi (Meshing)

00N PrepPort]
W A @

= Clipboard ~ 1060

R YA
DOgShowMesh & B Random

TEERBERER (& SR REAER N8 (0

Preferences

> Size ~ @ Location + (@ Conved ~

5 Micellsneous

- @ Tolerances

3 DeReset Epioss racer sssemby Center = || W Edge Colonng A M Fliheken
| N T | T |
e T SSsmst H e
| INEE I I I
| Eamaanat HHHH HEHHHH HHHHHH Eas=s HHHH
Rassana: H T HHHHHHH HHH

Detats of “Project” L)

= Titie Fage

Authr

Subject

Freparea for N

information I

e
Save Projedt Afte Solutian | No

L]
o>
0000 15000 20000 (mm)
section Panes . — T— ]
tH 7500 22500
—— e £ 3 Messages o Selection Metric (mm, kg, N, 5, mV, mA) Degrees rac/s Celsius
)
Hinh 3. Generate Mesh

Mesh Mesh

Skewness Orthaganal Quality

S/6f2026 818 PM 5/6/2026 239 PM
0.56344 Max 1 Max
050083 0.98551
043823 0e702
0.37563 0.95653
0.31302 0.94204
0.25042 092755
0.18781 091306
012521 0.80857
0.062604 0.98408
1.3057e-10 Min 0.86959 Min

Mesh
Aspect Ratio
5/6/2026 8:40 P

20 Max
17,889
15,778
13.667
11,536
94444
73333
5.2222
31111
1 Min

Hinh 4. Kiém tra chat lwong hedi




4. Thiét 1ap mé hinh vt Iy (Setup)

B Energy (On)

Radiation (Off)

Heat Exchanger (Off)
Species (Off)
Discrete Phase (Off)

Acoustics (Off)
Electric Potential (Off)
aterials
Fluid
air
& water-liquid
= & solid
& aluminum
& copper
* & Cell Zone Conditions
cold_fluid (fluid, id=8)
hot_fluid (fluid, id=7)

I FRERERERMER

- &

Viscous (Laminar)

Solidification & Melting (Off)

& inner_pipe (solid, id=9)
outer_pipe (solid, id=10)

Hinh 6. Thiét lgp mé hinh vt Iy va kich hoat phwong trinh ndang luong

Task Page
Fluent Launcher (Setting Edit Only) - a X General
Mesh
F Il.l ent LaUI'IChEr | Scale... || Check || Report Quality
Dimensian Oplions Salver
TILJ Double Precision Type Velocity Formulation
30 [ Use Jab Scheduler .
N Pressure-Based e Absolute
Display Dptions [ Use Remote Linux Nodes ) Density-ased , Relative
Display Mesh After Reading Processing Dptions
Wotkbarch Color S cheme O Serial Time 2D Space
[] Do not shaw this panel again (® Paralel [Local Maching) o Steady Planar
Sobver Transient & Axisymmetric
ALCT Option Fracesses Axisymmetric Sweirl
] Load ACT 4 =
GPGPUs per Machine
Mone |3 | Gravity
Shiowe More Optiohs Gravitational Acceleration
X (m/s2) 0 [
¥ (mys2) -0.81 [7]
z (m/=2)|o [7l
Concsl | | Hip ~
Hinh 5. Thiet lap Solver
1.'ree : B viscous Madel X
ler 2xL
~ @& setup - Model
E General
« 88 Models Inviscid
B Multiphase (Off) ®) Laminar

Spalart-Allmaras (1 eqn)

! k-epsilon (2 eqn)
k-omega (2 eqn)
Transition k-kl-omega (3 eqn)
Transition SST (4 eqn)
Reynolds Stress (S eqn)

! Scale-Adaptive Simulation (SAS)
Detached Eddy Simulation (DES)

Options
Viscous Heating
Low-Pressure Boundary Slip

B (e e

E -
Energy

+| Energy Equation

Cancel | | Help




Create/Edit Materials

Name
water-liquid
Chemical Formula

|h2o<I>

Properties

Density [log,"m3)| constant

Material Type

Order Materials by

[fluid

® Name
Ry

Fluent Fluid Materials

Chemical Formula

[waher-[iquid (h2o<l>)

Mixture

,j Fluent Database...

II..I.'_'

J User-Defined Database...

c[eSF

998.2

Cp (Specific Heat) (_u’kg-k)|c0nsiant

e ]

4182

Thermal Conductivity (wf'm-k)| constant

] eee..|

0.6

Viscosity (kg,l’m-s)| constant

j|:c | -

Create/Edit Materials

MName

copper

Chemical Formula
cu

Properties

Material Type

Order Materials by

e Name

| solid

Fluent Solid Materials

—I 1 Chemical Formula

|cupper (ou)

LI Fluent Database...

|((

_I User-Defined Database...

Density (kga’m3)| constant

8978

Cp (Specific Heat) {_],l’kg-k)[ constant

381

Thermal Conductivity (w,.fm—k)| constant

387.6

Change/Create

Hinh 7. Chon vt liéu cho méi chdt va 5ng trao déi nhiét

* Thiét lap cac diéu kién bién

Velocity Inlet ¥

Zone Name
cald_inlet

Momentum Thermal Radiation Species DFM Potentia IC

i

Mu 'i;' Nase

Velocity Specification Methnd| Magnitude, Normal to Boundary

Reference Frame| Absolute

Velocity Magnitude (m/s) 0.06217 |mnstant

Supersonic/Initial Gauge Pressure (pascal) 0

Le JLedledle]

| constant

m Cancel | |Help




Velocity Inlet

Zone Name
cold_inlet

Momentum | Thermal | Radiation = Species DPM Multiphase | Potentia IDS

Temperature (k)  295.15 constant j

m CEm:EI| |Help

Hinh 8. Thiet lgp van toc, nhiét do dau vao cua nwoc lanh, nong

E Pressure QOutlet

Zone Name

cold_outlet

Mamentum Thermal Fadiatior Species DFM Multiphass Potentia UDS

Backflow Reference Frame| Absolute

Gauge Pressure (pascal) 0 constant

Pressure Profile Multiplier |1

Backflow Direction Specification Methnd| Mormal to Boundary

Backflow Pressure Spenﬂcaunn‘ Total Pressure
Average Pressure Spedification

Target Mass Flow Rate

[ (] e

Ll = Ll

Hinh 9. Thiét ldp dp sudt dau ra cia niwde lanh, nong




Wwall

Zone Name
wall-cold_fluid-inner_pipe
Adjacent Cell Zone
cold_fluid

Shadow Face Zone

wall-cold_fluid-inner_pipe-shadow

Marmentum Thermal

Wall Motion Mation

® Stationary Wall 7| Relative to Adiacent Cell Zone
Maving wall

Shear Condition
® No Slip
Specified Shear
Coecularib cefficient

Marangoni Stress

Wall Roughness

Roughness Constant |0.5 [ constant J

[ [coe] [

Zone Name
wall-cold_fluid-inner_pipe
Adjacent Cell Zone
cold_fluid

Shadow Face Zone

wall-cold_fluid-inner_pipe-shadow

Momentum Thermal Radiatio Species DFM | Multiphase DS
Thermal Conditions
Heat Flux wWall Thickness (m) |0
Temperature Heat Generation Rate (w/m3) 0 [ constant
e Coupled

L =

Material Name

copper j

B o

Hinh 10. Thiét ldp diéu kién bién Wall Boundary Conditions




5. Gidi toan (Solution/Calculation)

Solution Methods

Pressure-Velocity Coupling

Solution Controls
Under-Relaxation Factors

Scheme Pressure
SIMPLE ~| 0.3
Spatial Discretization Density
Gradient 1
|Leasl Squares Cell Based Ll Body Forces
Pressure
|Secand Order j 1
Momentum Momentum
|Secund Order Upwind j 0.7
Enersy Energy
|Second Order Upwind j 0.05
ansient F ation

Warped-Face Gradient Correction
Default
High Order Term Relaxation

|Equatinns,,,| |Limits,..| ‘Advanced,,.

Hinh 11. Thiét ldp phwong phdp gidi

Residual Monitors W
Options Equations
. Residual Monitor Check Convergence Absolute Criteria -
+ Print to Console g
continuity L L 1le-05
v Flot
Window x-velocity v v 1e-06
e - i -
L - | Curves... | | AMES... | y-velocity v L 1e-06
Energy L L le-08
Tterations to Flot -
1000 - Residual Values Convergence Criterion
) e absolute ol
Normalize terations H _I
Iterations to Store 5
1000 = | Scale Convergence Conditions |

Compute Local Scale

m | Plut| |Renurrr|alize| |Car1ce| | ‘ Helpl

Hinh 12. Thiét ldp tiéu chudn héi tu va theo déi sai s6 (Residual Monitors)




Task Page

Scaled Residuals

Run Calculation
.
Update Dynamic Mesh...| A
@
Options
|| Data Sampling for Steady Statistics @
Sampling Interval p
(1 | | sampling Options..
Ierations Sampled [0 | @
) = Caleulate x
Number of terations Reporting Interval :& Calculating the solution.
1000 [¢)[x [z] .
Profile Update Interval L
1 g
[
|um File Quantities... \ [;\cnu:.m Signals. ‘
L] 200 400 800 800 1000 1200
Iterations
Console I @y
iter contimmity x-velosity y-velocity energy  tame/iter
1077 5.4643e-04 1.4185e-05 4.1638e-08 1.5138e-07 0:00:16 523
1078 9.2615e-04 1.41€1e-05 4.1428e-0% 1.5129e-07 s22
1079 9.1463e-04 1.4125e-05 4.127Se-08 1.511Se-07 s21
1080 9.1102¢-04 1.4088e-05 4.1236e-08 1.5109e-07 s20
1081 9.1192e-04 1.9052e-05 4.1200e-08 1,50992-07 s19
1082 $.151%e-04 1.4016e-05 4.118le-08 1.5035e-07 51z
1083 9.22702-04 1.3981e-05 4.1139e-08 1,50792-07 517
1084 9.1185e-04 1.3965e-05 4.123%e-08 1.5065e-07 sl6
1085 £.8328e-04 1.3336e-05 4.1123e-08 1.5058e-07 215
1086 . 1. 4. 1.5049-07 13
1087 6.1011e-04 1.3863e-05 4.0952e-08 1.5038e-07 a1
iter comtimutty x-veloeity y-velceity energy  time/iter
1088 9.0945e-04 1.3328e-05 4£.0914e-08 1.5029e-07 s1z
1089 9.0055e-04 1.3792e-05 4.0874e-08 1.50158-07 s11
1050 $.045%e-04 1.3757-05 4.0885e-08 1.5005e-07 s10 Activate Windon
1081 9.1489e-04 1.3722e-05 4.0869e-08 1.4399e-07 208 § -

1082 ©.2622e-04 1.3720e-05 4.1135e-08 1.4989e-07 0:00:16 £08 W v
1093 ©.1141e-04 1.3701e-05 4.0951=-02 1.4830e-07 0:00:13 07 q

7 I

Hinh 13. Thieét ldp so budc lap

Scaled Residuals

R

cINC]

& Information x

0 Calculation complete,

SEeEN

i
] oK.
o 1000 2000 3000 4000 5000 8000 WD(I 2000
Iterations
Console
7861 1.0185e-10 1.5169e-13 2.3292e-14 1.0013e-08 0:01:45 1139 -

7862 1.0147e-10 1.5252e-13 2.3287e-14 1.000%e-08 0:01:24 1138

iter continuity x-veloeity y-velocity energy time/iter

7863 1.0121e-10 1.5329=2-13 2.3275e-14 1.000€2-08 0:01:07 1137 ~

7864 1.0080e-10 1.5403e-13 2.3278e-14 1.0002e-08 0:00:53 1136

7865 solurtion is converged

7865 1.0036e-10 1.5471e-13 2.3282=-14 9.9533e-08 0:00:43 11335

Writing data to E:\30N\202é\Data Unity\L =2m - Ong nho\Nguoc chieu\Nguoc chieu files\dpO\FFF\Fluent\FFF.ip ...
x-coord
y-coozd
pressure
r-velocity
y=-velocity
temperature
hyb_init-0
hyb_init-1

Done .

Activate Windo

aows

Calculation complete.

Hinh 14. Kiém tra hi tu dua trén Residuals



Scaled Residuals t-hot-out-rplot t-cold-out-rplot

U
temperature

(k) 204.0000

302.0000
n Information x

300.0000

2 o Calculation complete. 2980000 —F r T : T
0 1000 2000 3000 4000 5000 5000 7000 8000
iteration

oo |

SeakB R — S

¥ x
7848 1.0767e-10 1.4870e-13 2.4182e-14 1.0060e-0 3.1534e+02 2.9763e+02
7849 1.0734e-10 1.4812e-13 2.4065e-14 1.005€e-08 3.1834e+02 2.8763e+02
7850 1.0695e-10 1.4763e-13 2.3%64c-14 1.0053e-08 3.15%34e+02 2.95763e+02
7851 1.0652e-10 1.,4724e-13 2.3860e-14 1,0049¢-08 3.1934e+02 2.9763e+02 0:17:03 €249 "
7852 1.0608e-10 1.4698e-13 2.3750e-14 1.0045e-08 3.1934e+02 2.9763e+02 0:13:38 6248 S
T853 1.0549e-10 1.4682e-13 2.3655e-14 1.0042e-08 3.1934e+02 2.9763e+02 0:10:54 6247

7854 1.0494e-10 1.468le=-13 2_.3575e-14 1.003Be-08 3.1934e+02 2.97€3e+02 0:08:43 €246

7855 1.0445e-10 1.4701e-13 2.3492e-14 1.0035e-08 3.1934e+02 2.5763e+02 0:06:59 €245

7856 1.0392e-10 1.47449e-13 2.3427e-14 1.0031e-08 3.1934e+02 2,9763e402 0:26:24 6244

7857 1.0345e-10 1.4813e-13 2.3386e-14 1.0027e-08 3.1634e+02 2.9763e+02 0:21:07 €243

7858 1.0304e-10 1.4901e-13 2.3348e-14 1.0024e-08 3.1934e+02 2.9763e+02 0:16:53 6242

N _— L

iter continuity x-velocity y-velocity ENErgy t-hot—-out t-cold-out tims/iter
T8E® 1.0257e-10 1.4992e-13 2.3317e-14 1.0020e-08 3.1934e+02 2,9763e402 0:13:30 €241
T860 1.0216e-10 1.5082e-13 2.3305e-14 1.0016e-08 3.15%34e+02 2.9763e+02 0:10:48 6240
T8EL 1.0185e-10 1.5169e-13 2.3292e-14 1.0013e-08 32.1934e+02 2.97€3e2+02 0:08:39 €239 .
7862 1.0147e-10 1.5252e=-13 2.3287e-14 1.0009e-08 3.1934e+02 2.9763e+02 0:06:55 6238 Activate Windo
T8E3 1.0121e-10 1.532%:2-13 2.3275e-14 1.00082-08 3.1534e+02 2.97632+02 0:05:32 6237 Go to 5 Windows
78€4 1.0080e=10 1,5403e-13 2.3278e-14 1.0002e-08 3.1934e+02 2,9763e+02 0:25:13 €236

! 7865 solution is converged !

Scaled Residuals t-hot-out-rplot t-cold-out-rplot

GO ]

i)

(4]

B ORSCON

temperature
()

2

(& 299.0000
B information ®
298.0000
[ )
Calculation complete. 297.0000 —F r T ™ T
[ 1000 2000 3000 4000 5000 6000 7000 8000
iteration
[ oo |
Console

e a— R e —

= x x o e e e e
7848 1.0767e-10 1.4870e-13 2.4182e-14 1.0060e-0! 3.1934e+02 2.9763e+02
7849 1.0734e-10 1.4812e=13 2.48065e-14 1.0056e-08 3.1934e+02 2.9763e+02
7850 1.0655e-10 1.4763e-13 2.3964e-14 1.0053e-08 3.1534e+02 2.9763e+02
7851 1.0652e-10 1.4724e-13 2.3880e-14 1,0048e-08 3.1934e2+02 2,9763e402
7852 1.0608e-10 1.469%8e-13 2.3750e-14 1.0045e-08 3.1934e+02 2.9763e+02
7853 1.0549e-10 1.4682e-13 2.3655e-14 1.0042e-08 3.1834e+02 2.9763e+02
7854 1.0494e-10 1.,468le=13 2.3575e-14 1.0038e-08 3.1934e+02 2.9763e+02
7855 1.0445e-10 1.470le-13 2.349%2e-14 1.0035e-08 3.1934ec+02 2.9763e+02
7856 1.03%2e-10 1.4744e-13 2.3427e-14 1,0031le-08 3.1934e+02 2.9763e+402 0:26:249 6244
7857 1.0345e-10 1.4813e-13 2.3386e-14 1.0027e-08 3.1934e+02 2.9763e+02 0:21:07 6243
7858 1.0304e-10 1.490le-13 2.3348e-14 1.00249e-08 3.1934e+02 2.9763e+02 0:16:53 6242

iter continuity x-velocity y-velocity energy t-hot-out t-cold-out time/iter
7855 1.0257e=10 1,49952e-13 2.3317e-14 1,0020e-08 3.1934e+02 2,8763e+02 6241
7860 1.0216e-10 1.5082e-13 2.3305e-14 1.0016e-08 3.1934e+02 2.9763e+02 €240
7861 1.0185e-10 1.516%e-13 2.3292e-14 1.0013e-08 3.1934e+02 2.9763e+02 €239
T8E2 1.0147e-10 1,5252e&-13 2.3287e-14 1.00050e-08B 3.1934e+02 2,97€3e+02 €238 /'.".C.T vate V'."|ﬂd0
7863 1.0121e-10 1.532%=-13 2.3275e-12 1.00062-08 3.1934e+02 2.97632+02 €237
7864 1.0080e-10 1,5403e-13 2.3278e-14 1,0002e-08 3.1934e+02 2,9763e+02 0:25:13 €236
! 7865 solution is converged !

Hinh 15. Kiém tra hoi tu theo tiéu chi vat Iy



6. Xir Iy két qua (Post-processing)

Surface Integrals X
Report Type Field Variable
IMass-Weighted Average _v_l [Temperature...

Custom Vectors l Static Temperature

I“ _I Surfaces |Filter Text
interior-cold_fluid -
interior-hot_fluid

interior-inner_pipe
lSave Output Parameter...l interior-outer_pipe

cold_outlet
hot_outlet
v Wwall

wall-cold_fluid-inner_pipe
wall-cold_fluid-inner_pipe-shadow
wall-cold_fluid-outer_pipe

wall-rald fluid-nitar nina-chadna

Mass-Weighted Average (k)
306.3125 ]

|Write...| Iclosel |Help|

Hass-Weighted Average
Static Temperature [§.4]
cold _outlet 297.682553
hot_outlet 319.3432¢0
Net 305.31245

Hinh 16. Xudt dir liéu nhiét dé dau ra cia nude nong va lanh

Temperature ANSYS
Contour 1 R19.2

3.231e+02

3.204e+02

3.175e+02

3.148e+02

3.119e+02

3.091e+02

3.084e+02

3.035e+02

3.008e+02

2.979e+02

2.951e+02
K]

L] 0.350 0.700 (m)
]

0175 0.525

Hinh 17. Truweong nhiét do cua mo hinh thi nghiém do



Pressure
Contour 1

l 2.620e+01

2.357e+01
2.095e+01
1.832e+01
1.570e+01
1.307e+01
1.045¢+01
7.825e+00

5.200e+00
I 2.575e+00

-5.011e-02
[Pa]

0 0.350 0.700 (m)
]

0175 0.525

ANSYS

R19.2

Hinh 18. Phdn b6 dp sudt ciia mé hinh thi nghiém do

Velocity
Contour 1

l 2.025e-01

1.822e-01
1.620e-01
1.417e-01
1.215e-01
1.012e-01
8.098e-02
6.074e-02

4.049e-02
I 2.025e-02
0.000e+00

[m s?-1]

ANSYS

R19.2

0 0.350 0.700 (m)
]

0.175 0.525

Hinh 19. Phén b6 van téc ciia mé hinh thi nghiém ao





  k  


  i


   n i  


  N =    n 1 ×   n 2 ×⋯×    n k

