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Abstract

Titanium tube heat exchangers have become an irreplaceable key equipment under harsh working conditions due to their excellent
corrosion resistance, good heat transfer performance, and processability. They are widely used in fields such as papermaking,
chemical industry, metallurgy, energy, environmental protection, food and medical care. The excellent performance of titanium tube
heat exchangers can be achieved through precise execution of manufacturing processes and strict coverage of quality control systems.
This article focuses on the core process links and key quality control nodes in the entire manufacturing chain of titanium tube heat
exchangers, and conducts in-depth analysis and discussion. The article elaborates on the key process points of the entire process from
titanium material cutting, precision tube sheet processing, strict cleaning and assembly, core expansion and welding, to final assembly.
It particularly emphasizes the protective and special measures that must be taken for the high temperature activity, easy pollution, and
difficult processing characteristics of titanium materials. And elaborated on the airtightness test and non-destructive testing techniques
such as ultrasound and radiation. By strictly controlling each link, the aim is to ensure the long-term safe and stable operation of
titanium tube heat exchangers, providing theoretical reference and practical guidance for high-end equipment manufacturing.

Keywords
titanium tube heat exchanger; Manufacturing process; Welding protection; Expansion control; Process quality control; Non-
destructive testing

RENBRAFHIETZHER
M

L VAR R R A AR AR, HE - P BT 530007
2. T PHRMERE AR IRAF], thiE - TP FET 530007

i E

KA X Ik B AR BRI . BRI e T e TR, AT A TATRARTERG LEERSE, Sz R T
AT, AAe, R, FE. BREFFHNB, KRETXBABW PR T, FR2HE I LN EPITE R EE
HIKAWMPEERLE, AXLFRETRFXBABHEL ML PRSI ERT 5 AR THEAT L, #ATREINN bR,
LFEHmEEMAS TH, HEEHRIT, PRETER, BOREL R, FRLELEVNARBEIEEE, HARAT
AT RM S IRIEW S i, e T LRI B AP 5 A kAR, SFIRANGEHR T A B WK AR E k. HEF
RN FA , BT BIRF 8 PR, BAEREAT XA BH RN ELBTIBT, A5 ESHERBEELALE
KRR F o

KA
AREXBMAE; RELL; FERY; KRS, SRTZEN; Ayl

1315 BRI (D, SUABBISRT RIS, FH
B B e g S LFAORERIBER R, AT TR T
%mﬁggﬁiiingEZifZiﬁgggig%gr)?3ﬁm,ﬁﬁgﬁﬁgﬁzzmﬁﬁﬁﬁ,ﬁ%@ﬁ@A
PBHALL, RIS, RS R TR O 0 LTI .
2 b FIETZ
B A Bl T 2 — AR S R

TR, BEAFA L, TR BRI 4%,
N, TR, MBHIRE, TENEE, BINEE, I jap  omss ecmom s, R T 3.

IR

[fEEEA] HXE (1990-) , 55, PE[ FEEUNA, K

30



UIHARERA - $03% - 5018 -2026 401 A

AHEEH, TREERRERMT .
2.1 [Er M=

PR SENR LA TSI IIE, FYETE (S S fal [F >k
TUELERWHLIOK, SRR EREAZE VI
N, HEEFLHEE IR R AT A PN AISIS . e BE
BRI LRGN TEAEWR, bRl ARG &%
(>98% ) #h, INTRAEDGIATEMERIRGT, I &R
[TET)515
2.2 THEmMI

NEMIEI AT T RS R Xy, i RSl E
JiE4 I (el Ao eE K TaIE, (g uIEIER
MBS, TS (SEEE >99.99% ) il MG S
1t FFEEIEIN TSR, A2z RIME % R EE 22
BT FEEERINIMEY), HAWERECE A SERRI)
JERtRE
2.3 BRI

ENCTHAGE OAZ 0, Hn RS B P i AR
e MRS A dy . EERIN TERR A . i
FOEEIn T O T, TPERSERE TR T RS
R4 TR, HEATHMIN T, $h8) T2 RARE,
Kittsh T2, REAATY R TR TEmi/Kis ey,
HOUERRE . sk, DI E R -

B A ZIBEEEIE HT 9%, FLUAEAZE £0.3mm
DL, FLINE MRS Ra<3.2pm, B AR, &
58 W % B I A AR R, RN T
0.05mm, 5K SE G E RN, I TEAE
W, BFUGTE AT A TENE LN E B g
FERKEERE ST, 182 SERRIOT B T A LAl T,
DIE R SMERTE b ih I U B sk . e FLoeRa .,
FUMsH A A EBRER], Hm kA AR 1
B TIRTEDE, EEREREIYIHIEAIER ), H AR
&5, BREdrml . s5vE 1.

2.4 FEmMT

SRR HINFLERNERIRE, LEEE
FAFR T RN EEIR S = B0 B 2 SR RS F, I
HERIFRIE . SNR AR AR 2 Z3HI7E 0-10mm,  [5 f& [ —HWr
H_FRKNES R INNGEZ 2, AR TIZFITAAFRE R
DN 119 0.5%, HR/{F& Ry

a) DN<1200mm [+f , KA T Smm;

b) DN>1200mm~2000mm I} , AT 7mm;

¢) DN>2000mm~2600mm i , AT 12mm;

d) DN>2600mm~3200mm H , A~A T 14mm;

¢) DN>3200mm~4000mm [ , RATF 16mm.

2.5 HERRSFE

FE NI TR B S VI L TR, &SR

IO E DA TRIERTT AL, THFUG AR AT ALk,

o JE SR E SRR TGS NS R I . SERCIX
BN T —RERS S E, BEARTFERTGTE
CIEMRITE, DISHEF4EEREE ) o 781, P g m st
TR, EHEEMEEERMEEA . FER, 5
TR, RRMAS AR, Bh RS R
WOsE DA, R 2 i G ST iR i T R N e
JERH
2.6 fkETZE=H

FEER B R ERRE SERFLIAMMERR, TR &
PR RS R E . SRS OBIKIN , MAC
AIFNEEESPIREI T, DR ADERATE . T, W)
JEREER HAz BRI . IR S  Bea / IN g Lo R A o
NUBGEMR 2, (BFR 8w et AR SR . Ik
RS, WEAESEEE AR, ENs
BEVTH L RS 1 s IR e R A e
(29 3%-8% ) KARIE. BRPEIFEE + WEHK, HEGE HEM,
MK IS 2208 2%-3%; TREEICEE + BEHR , HE e,
TR IS Y 4%-5%, MG ERSNETE AR
A 2 E A

K= (dy-d,-b) /28 x100%
A k DUEBRRIE R FRIKE, d, EIKIGNE,

d, MGG IRATING, b S SERETLDGRIR (&1L
B ERPERIMG ), & HHEREE,
2.7 #E T O

PARE IR E SERG , P R AP S s s
TARERTE. RERETEORE., PEE, k. RF
B O YR O, S RN 2mm 224 N H.
2.8 IREd 2

B R R AG HE P A s . T X
KEIIRTT . SRR TR E IR AR X S NS a2 2 T e
B, HRIHNEEE, 2 AT, iR
RAEZS S, oD TENRERE Tt T, HIEEE i A
ST PO, BER NG < 1.5m/s, FERHER <80%, [RHentfs
RuEL K, S IERR RISt M SRS R R T ik
Ber, FEXRHERE T A B SRR S AL, SR R, £
7 250°CLL EFFGARIZIRE . . &, W A=A
RAFEFESR, WIEEBOIEM: | PR e 554D
BEHBREE, HYUIERET S R, dimits, Bk
Maft. ISR EE DS AR SURIE R, LR SEURE
TR, MERR SR RIRE. (RIPSERRES,
4 >99.99%, FEiET (KGR ) o REEEEE
RNARELBIRAS, RSN X E IR T 250°Cf5 75 7]
EIESMAGR, REEVER, RAET5ERZANE
BT % . B, SRR RIS TARSEIN, 7
REIOTEBIRR T, RIS — N SOrE R SE FIMRE R
G, FHEEAHIG, BXRbE— S AE s R — A St

31



UIHARERA - $03% - 5018 -2026 401 A

TTBER, XA B R DI, IR RESCR AR E .
B TR R PSS, BRI ERER, Eiks
TR N B R A s

TN R /N . DRI IR A 2 RIRI,
WA — RIS H 2 5=1R (BT 60°C ) HyERE R,
HIEE B M ERIERRE, PibRhoR, PREE
SKEDE. BRE A RIEET 100% E BB (PT) , KEE
SERMATCROC, SALFRE . A, RG2S EH
FREFHE: ROGRE, W, ReHE, Ka.
IREH BRI ERRNE, VAR BV T
BRHFAME

*1

IREES PG R mEIE TSRS EsHE

RED RiF xS

& (o) T xS
& Ry RA TR R

el BE WA

PRE % RER

HeakriRy RE RER

WREsEG, ER O RES, MRERIEE R
SEPEITIR TIREE, [RIFHEIRER | WEB XIS R A A,
SHRIPRCR AR L, B TIR TALBRAL TR, —RRIB0L
T, AR A RS INZZ RIS U AL 2 St
s CREE ) BUAETIREEEHE, DIPIENES SR A wkiks:
Ho

3 ZTRt&

R FIRAERSI, AR (UT) k. fA/
FRE (450 -70° ) BEBGRITRCK, wREERIITE, AlAR
RrARNE G . AARIE AR BCEE N . B SR
FHREER NG QZERN (PT) , Kl LA fHE
R RS RS RBE, B shidsisin. 18
SRR, BRI . ISR A O,
FERBEAERT, AR R E F T
R RERIKEED IS, W T aEERREFRE, "IRAN%
il (RT) , (Bl T SRR SRR, TR
PR B AR E IR TR o

4 ENHB S SE LR
4.1 ®IERE

IREENERE AR T 5°C, MNRIEREREEK, H
SO RIS, SR NT 25ppm, ST
FETK, Bhib ks, DR EIZE SRR (n
0.5 (FEATEDA—R) , BRAERE. BEIREET) (8
AT 1.25-1.5 (%) Ja, (REEFEA /DT 30 435,

32

PREHAR], HARRNARE, RS AR, KO,
FEEmH A TR ENeE, TR, LA LSRR,
TESHENE A e REEsEen, LA KRS,
HRATE. BN ERES SEE AR e e TR, X2
IEEEKIR R S BUR e A= e L D LB AP TR
4.2 SEMIRLE

e IR SRS, AT R s, ol
X LZIHAB RSP IC TR, — R AR
SEHAR, EAABATEIERAR. EREDE, EE%
EERE R (ERAO) #THRR. YT HEEK
e, AIRASTGRR Y, L mhEs G EmR
=, BAEEFEEESMNE AR, RS .

5 REEHER

TR R R Ry (OBRT, TR R e B ARG,
B ERRI AT, WU TR, TIRTEAEE, PR
BERIRS o SHEHPTRRIT SO + Sttt / St
BIEE, bR (iR, ) RIS = E R, i
TSR (R, B, Bk) o AR
R AR T (ITFRE . BHE6IUE . Ik
B AREEE ) R RS, RO T T =
A, IO R, ST RS TIASKE, A
B E T TR, B TESRINE LN, B, D eEE
SR TS | R E . SRR . (RIS B,
EE R AR MR 7 - IHIIRhLS, DX a]
SEIERIR . MBPRNREDS . TEIPEiRes | R T RIE
1, FlEE TR ORIIOT . IR | 5 DRk,
HERAIFREHGE, % THE, WARRZE .,
SHLM IR . — BRI A A O St i (S B
.

it

PRE ARG EIE, FEESSHEENE, EE
I, MEINT . SR T sl smiADAssi:
EEDYE, eRedBEss, A%EH, ST g
Hile FAETER RS B S SR R S AT ZIEAE
FIRERGE , MR R T RE BT
Sk R,

BT
[1] ZEfEl, FEZE ML D% ML (b2 T G,

2018
2] FREBU DR SRR s . R (SB3liEiT 4 . b

s WU, 2015
[3] B/ T 4745-2002%k fllfFE75 08
[4] SkEhh, U SIEESLAUN SRR REEOR, 2022

@



