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3 pozeumkom cyuacHux mexHono2il, 3aCMOCY8AHHA MAMEMAMUYHO20 MOOETI0O8AHHA ) GUBUEHHI PI3HUX
Qizuunux npoyecie cmano 00601 AKMYaiIbHOIW MemMoio 015 00CaioHuKie. Lllguoka 3mina gizuunux npo-
yecie He 003680J5€ BuUHamMU npoyec 2aubuie, wo K pas i CHOHYKAE OOCTIOHUKA 00 BUKOPUCTNAHHS MOOe-
JIH0BAHHS MA NOCHIO08HO20 NPocpamy8anHs mamemamury. OOHUM 3 MAKUX NPOYeCi8 € KOTUBAHHSA 2d3Y 8
PE30HAHCHIU mpyoyi y 2a30CMPYMUHHOMY AKYCIMUYHOMY XOI0OUNbHO-HAepisanbHomy 2enepamopi. llpo-
cmoma KOHCMPYKYI ma weuoka 3miHa npoyecié 8 eeHepamopi 0aia MONCIUBICMb 8UKOPUCMAHHI MA-
MeMamui4Ho20 MOOEI08AHHSA, WO OilbUlL OOCKOHANO 00360JISIE UBYUMU Npoyecu 2enepamopie. Poboma
2eHepamopie 0060 YIKABA 3 MOUKU 30pY MENI08020 MA XOA0OUILHO20 HANPAMY PO3GUMKY De3MAUulUH-
HUX 2A300UHAMIMHUX MemOo0i6 OMPUMAHHS 3MIHU memnepamyp. [lanutl npucmpiii cnoayyae 8 codi npo-
cmomy Ul HAOIIHICMb KOHCMPYKYIL HA 8IOMIHY 610 IHUMUX XOJIOOUTbHUX MAULUH, OCKIIbKU MAE Y CBOIll KOH-
cmpykyii npocmi pywitHi yacmunu abo He mae ix 308cim. I azocmpyMuHHi aKyCmudHi XOL0O0UTbHO-
HAZPIBANbHI 2eHepamopu 3HAUWLIU C80E 3ACTMOCYSAHHS Y HAQMOBOMY ma 2a3060My BUOOOYEAHHI,
KOCMIUHUX mexHono2iax. Tomy axmyanbHiCmb 6UBYEHHS CAMUX 2eHepamopie i, 20108He, NPOYecié 8 HUX
3QUMAE He OCMAHHE Micye 8 X0L00UNbHINL ma menniositi mexwniyi. Pozenanyswu pozeumox mexnonoziti ma
MAMeMamuyHo20 MOOeno8ants, 010 00Pano NePCReKMUBHUL CNOCIO OMPUMAHHA 3MIHU meMnepamypu,
AKul 6a3yEMbCA HA KOAUBATbHOMY NPOYECE 2a3i8, GUHUKAIOUUX 8 3a2NlyuleHux mpyokax. B pobomi pozens-
Hymi 2inome3u BUHUKHEHHS Mennoeux egexmis. Ilpeocmaesnena 61acHa OOHOBUMIPHA MamMeMamuiHa
MOOenb  2a300UHAMIYHUX NpOYecis, 0e GUKOPUCTNOBYEMbCA cucmema OugepeHyilinux pigHAHb, KA
po38’azyemuvca pisHuyesumu memoodamu. CmeopeHa MoOeib 3anpocpamosand y MOSI Npocpamy8aHHs
Lazarus Free Pascal ma npedcmaenena y euensoi npocpamu po3paxyHky Xxapakmepucmux 2azycmpymun-
HO20 XOJI0OUTbHO-MENNI08020 AKYCIMUYHO20 2eHepamopd. Bukopucmosyouu cmeoperny npoepamy, npose-
0€eHO 00CNI0IHCEHHS UHUKHEHHS MENN08020 eqheKmy HA PI3HUX MEMNePamypPHUX DIGHSIX.
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1. Betyn

IlIBuaka 3MiHa (i3WYHUX TapaMmeTpiB, sKi BinOy-
BalOThCSI B MPUCTPOSIX 3 KOJMBAJHHUMH TiIpoAWHA-
MIYHUMH TpOLIECaMy, He A03BOJsiE OaYUTH TOBHOL

KapTHHH, BUKOPHCTOBYIOYM TEXHIUHI 3aC00HM criocTe-
PEXEHHS, TOMY Mepe] AOCTIIHUKOM II0CTa€E 3ajadya
HOIIYKY albTePHATHBHHUX CIOCOOIB JOCITIIKEHHS Ta-
30BUX MPOLECIB.

OIHHUM 3 TaKUX CIIOCOOIB € MaTEMAaTHYHE MOJICIIO-
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BaHHS MPOIECIB, BUKOPUCTOBYIOYHM PIBHSHHSAM Ta30-
BOi guHAMikM. PO3BHTOK MaTeMaTHYHOTO MOJIEIIO-
BaHHS 3ITKHYBCS 3 PI3HUMH TPYIHOIIAMH, SIKi IPUBE-
W IO CTBOPEHHS CKJIAMHUX OaraTOBUMIpHHUX 3ajad,
pO3B’sI3aHHS SIKUX € JOBOJI CKJIAIHUM IIPOIIECOM, BH-
Maraloyd BHKOPHUCTAHHS ITJIOI CHCTEMH METO/IIB, IO
YCKIIQAHIOE PO3B’s30K. TOMY MOCTITHHUKH IJI CIIPO-
IIEHHSA PO3B’SA3KY, 3BEPTAIOTHCS JO OULTBII MPOCTHX
OHOBHMIpPHUX 3a1ad, BUKOPHCTAHHS SKUX OCTaHHIM
4acoM € JJOBOJII aKTyallbHO.

2. lNitepaTtypHun ornap axepen iHpopmauii

OpHUM 3 TakMX I[IBUIKICHUX TPOLECIB € pyX
MyJbCYIOUOi XBHJII Tazy, sIKa TalbMYy€ThCS Haa3BY-
KOBUM HE PO3IIUPEHUM CTPYMEHEM Ta MEPELIKO0I0 Y
BUTJISII TIOPOYKHUHHU 3 OJHUM 3aKpPUTHM Topliem. B
TaKUX TMOPOKHUHAX, 3aBJISKA CTBOPECHOMY aKyCTHY-
HOMY TIOJIIO BCepeArHI TPyOKH, iHTEeHCU(IKyeTbCS Te-
TUTOBHH TIPOIIEC, MO MPU3BOJUTE IO CYTTEBOTO HATpi-
BaHHs 3aKpUTOr0 KiHIS TPYOKH Ta 3HMXKEHHS TeMIIe-
patypu raszy Ha BUXOZi 3 Hei. Takolo MOPOXKHUHOIO €
pe3oHaHcHa TpyOka y reHeparopi I'aptmana-IlInpen-
repa [2, 3], kmacuyHa CXeMa SIKOTO MPEACTaBIsE CO-
0010 CHiBBiCHE PO3TaIlIOBaHi 3BY>KEHE COILIO Ta IpHii-
MaJlbHa TPyOKa 3 OJHUM 3aKpHUTHUM TOpLEM. 3aBASKH
CHIBBiAHOLICHHS reOMeTpii TpyOKHM Ta cOIuIa CTBOPIO-
€TBCSl ABTOKOJIMBAIILHUN IpOIeC, KU SIKpa3 1 Mpu3-
BOJIUTH JI0 3MiHU TEMIIEpaTypH ra3y Ta CTIHOK camoi
TpyOKu. Takox IMyJIbCaIlilo ra3y y Pe30HAHCHIH TpyO-
Il MOYKHA CTBOPHUTH 3a JIOTIOMOTOI0 MEXaHIYHOTO PO3-
MOJIUTEHUKA, SIKHI 3 BU3HAYEHOO YaCTOTOIO ITO/Ia€ Ta3
y pe30HaHCHY TPYOKYy.

B reneparopax Juis BUHUKHEHHSI XBHJIBOBUX IPO-
IeciB B TpyOKaX, BUKOPHUCTOBYIOTHCS MEXaHI4Hi Op-
raHu Ta30pO3MOALLY, TaK 3BaHUI pOTOp, B AKUH BOY-
JIOBaHI COIIA-PO3MOMUTBHUK (uB. puc. 1). ObepTan-
HSl 3a0e3Me4yeThCsl 30BHIIIHIM HPUBOJIOM, HAalpHK-
najn, enekrpoaBuryHom. [Ipu oGepranHi poropa Bin-
OyBa€eThCs MEepioANYHA B3a€MOMISI CTPYMEHS 3 Ta30M Y
npuiiManbHii TpyOLi, o NPU3BOIUTH 10 HOro cTuc-
HEHHS Ta HarpiBaHHs. Temyo Bij CTIHOK NMPUHMaIbHOT
TPYOKH BIJIBOIUTHCS B NOBKULIA. ['a3, skuii Bimmpa-
LIOBaB y MPUUMAIBHUX TpyOaX, BUXOAWTH 13 HHUX 3
HIKYOIO TEMIepaTyporo, HiK Ta, IO BiH MaB Mepeq
TIOTPAIUITHHAM Y TpyOKy. EdexT 3Miau temriepaTypu
ra3y B pe30HaHCHINA TpyOIl AyXe IMiKaBUW I JOCITi-
okeHHs. TerutoBuit epexT, SKuii BUHUKAE Y PE30HAH-
CHill TpyOIli, MOB'SI3aHUI 3 TUM, IO MPOTIATOM Ta30-
JUHAMIYHOTO LMKy HallOBHEHHS-BUIIOPOKHEHHS TPYO-
ku [4, 5], nesika KUTBKIiCTh Ta3y, MPOTATOM OUTBIIOT Ki-
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JBKOCTI LUKIIB, YTPUMYETbCA TMOOIH3Y
TOPL TPYOKH.

3aKpUTOTO

Pucynox 1 — I'azycmpymunnuii menio-xoa00unibHull
AKYyCIMUYHULL 2eHepamopa

q

g, [/

Pucynox 2 — Ilpoyecu siosedenns menia
npuiManbHoi mpyoxu

KoxHwuii HaCTYITHUH Ta30JMHAMIYHUM MK HATIO-
BHEHHS-BUIIOPOXXHEHHSI TPYOKH MPOXOJIUTH CUCTEMY
CTpUOKIB CTUCHEHHS Ta PO3LIMPEHHS B3IOBXK TPYOKH,
IO MPU3BOAMTH 10 Tepeaadi eHeprii ra3y SKui 3aiu-
maeTses B TpyOIi [6, 7]. Ockinbku 301IbIIEHHS JTOKa-
JBHOI EHTpOMii MpH CTHCKAaHHI OUTbIIe, TePMiYHHUN
e(heKT MPU3BOIUTE O 301IBIICHHS JTOKAIHHOI TEMITe-
patypu. Takmii mporec BiOyBa€eThCsl 3 YaCTOTOIO Y
KiJIbKa COTE€Hb IIUKIIIB Ha CEKYH/Y, 1[0 MTPU3BOIUTH JI0
IIBUJIKOTO HarpiBaHHS YTPUMAHOTO rasy.

Mexani3mu BifiBeneHHs Teruia (puc. 1) Bix TpyOku
MO>KHA ITOJIJINTH Ha TaKl CKIag0BI:

- BigBeneHHs Ternotu (Qm) Yepe3 CTiHKY TpyOKH y
30BHIIIHINA TEMIOHOCIH;

- BigBeneHHs temnotu (Qm) 3 TpyOKH, 110 MPOHU-
Kae B TpyOKy CTpyMeHeM rasy i3 cormia y (asi ii 3a-
KIHYEHHS,

- BiZIBEICHHS TEIUIOTH, 10 BHAiAEThCsA (Q1), BH-
MyCKOM 3 €HEProyTBOPIOBAJILHOI TPYOKH YaCTHH Ha-
TpiTOTO Tazy.

KinbKicTh TEMI0TH, O BiABOIUTHCS BiJ HATPITOTO
razy 4epe3 CTIHKH PE30HAHCHOI TPyOKW, BH3HAYAE
e(eKTUBHICTh XBHJIBOBOTO TE€HEpAaTopa XOJOIy, SK
XOJIOJIOTIPOBITHOTO TIPUCTPOIO.

BuxopucroByeMo mociiHi JaHi, HaBeleHi y pooo-
Tax [3,4], s aHami3y MEXaHi3MIB TEIUIOBIIIICHHS
BiJ pe3oHaHCHOI TpyOku. BcraHoBneHo, mo y pasi
BIJIBEJICHHS TEIUIA BiJi TPYOKU 10 30BHIIIHBOTO TEII-
noHocis BenuunHa Qm ctaHoButh 10-23 % Big Q. [pu
TEIUIOI30JIALlIT pe30oHaHCHOT TpyOku Qm cTae ayxe mMa-
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noto B nopiBHsAHHI 3 Q. Lle nae mimcTaBy npumycTuTH,
0 B TPyOI 3 3ariaylIeHHM KiHIIeM HaHOuIbII icTOT-
HUM € TeIJIO 3 PE30HAHCHOI TPYyOKH, II0 MPOHUKAE B
Hel cTpyMeHeM rasy. Take MpUITyLIeHHS MiATBEPIIKY-
€TbCSl TUM (PaKTOM, LI0 Ha TOBKUHI mopsaky 3L 3 6o-
Ky COIUIa TeMIlepaTypa CTIHOK AOPIiBHIOE TeMIepaTypi
CTPYMEHS Ta3y, 10 3aTiKae.

3. OgHoBMMipHa maTeMaTU4YHOI Moaenb

Jns nocmimpkeHHs Ta30IMHAMIYHUX TIPoIIeciB Oyia
CKJaJIcHa OJHOBHUMIpHa MaTeMaTH4YHa MOJIelb, sKa
MIPEACTABIIIE COOOI0 CHCTEMY PIBHSIHHS Ta30BOI IH-
HaMIKH,
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s po3paxyHKy mapameTpiB rasy y TpyOli BHKO-
PHUCTOBYETBCS METOA KiHIEBUX PI3HUID 3 3aIaHHSIM
mpoctopoBoi ciTku. Ha oOpawiii citii OyayeTscs siBHA
LEHTpaJIbHA PI3HUIEBA CXEMa, 3 3aBJaHHAM pO3Maay
JOBIJIBHOTO PO3PUBY y TOJOBHHHUX TOYKaX IMPOCTO-
POBOT CITKH.

Ha Bxoxi B pe3oHaHCHY TPyOKYy MOJIETIOETHCS Ta-
30BHH PO3NOAUIBHHK, pOOOTa SKOTO MPEICTABIISE CO-
0010 3MiHY TpaHHWI Ha BXOAi B TpyOKy. CmouaTky
TpyOKa 3aKpHTa, MOTIM TPyOKa BiIKPUBAETHCA 1 pO3T-
JISIIAETHCSL YMOBA COILIA, Aajl TpyOKa 3aKpUBA€ThCS 1
po3rnagaeThCsl yMoOBa 3ariyiieHoro Ttopusd. Ilortim
TpyOKa 3HOBY BIIKpHTa 1 ra3 BHXOIUTh 3 TPYOKH B
00J1aCTh HU3BKOTO THCKY, i OCTaHHE TpyOKa 3HOBY 3a-
KpHTa, Jic 3HOBY PO3TJINAETHCS yMOBA 3ariylIEHOTO
topist. Ha BXxoni B TpyOKy 3a1a€Tbcsi yMOBa 3BYKEHO-
r'0 COIUIA, SIKE 3BOJUTHCS 0 BU3HAUEHHS PO3MIPiB BH-
X1JHOTO OTBOPY 3a 3aJaHOI0 BUTPATOIO Ta3y Ta 3aja-

HOIO LIBHIKICTIO 3aKiHYeHHA. lIpu po3paxyHKy BBa-
JKAIOTh, IO TEePeOir ra3y B COILT a/liabaTHIHHIA, TOMY
IO 32 KOPOTKHH 4Yac MPOTIKaHHS ra30BHX YacCTHHOK
Yyepe3 TEII000MiH TEIIO 3 HABKOJMUILHIM CepeaoBH-
LIeM MPAaKTUYHO HE BCTAHOBIIOETHCS. SIKIIO 3HEXTY-
BaTH BILUIMBOM TEPTsI, TO Mepedir MOXKHA BBaXKaTH i30-
eHTpomiuyHUM. [IpuiiHATO TpaHMYHI YMOBH Ha BXO/Il B
MpuiiMaibHy TPYOKy Ta Ha 3ariymeHoMy KiHIl, Ta-
KO YMOBH JUIsl TETUTOTIPOBITHOT CTIHKH.

4. MeTa Ta 3agayvi gocnigXeHHsA

Meroro maHOi poOOTH € HOCTIIKEHHS TEIJIOBOTO
edeKTy Ha pi3HUX TEeMIIEpaTypHHUX PiBHAX poOOTH ra-
30CTPYMHHHOTO aKyCTHYHOTO TETUIOBOTO Ta XOJIOIH-
JFHOTO TeHepaTopa. [l BUBYEHHS MPOLECIB 3aCTO-
COBaHi METOJIU MOPIBHSHHS, aHAJII3y, CIIOCTEPEIKECHHS,
BHUMIPIOBaHHS, PO3pPaxyHKY, MOJCIIOBAHHS Ta CKCIIe-
pUMEHTy. A came Ui MaTeMaTUYHOTO MOJICIIFOBaHHS
MPOIIECIB
METOJ amlpOoKCUMAIlii Au(EpeHITiaTbHAX PiBHAHb. Ta-

BUKOPUCTOBYBABCSl  KiHIIEBO-Pi3HUIIEBUI
KOX YHCETbHI eKCIIEPIMEHTH Ta 00poOKa OTpUMaHHX
pe3yIBTATIB 3 MOJATBIIONI0 IX CHCTEMATU3AIIIEIO.

5. MogentoBaHHA TennoBUX npoueciB B pe3o-
HaHCHiIn Tpyoui

Jlyis MOJeNmoBaHHSL MPOIECy 3MiHM TEMIIEpaTypu
ra3y (puc. 3) po3riiTHEMO PE30HAHCHY TPYOKy, MpH-
BeqeHy B po0Oorti [1]. PesonancHa tpyOka € eiremeH-
ToM reneparopa ['aprmana-Illnpenrepa, akuid ciyrye
B KOHCTPYKLil JOOYHCTKH CYMillli, €JIEMEHTOM [0
OXOJIOJIKCHHS POOOYOro rasy.

TIK]

0,2

L[m]
Pucynok 3 — Temnepamypa 2azy no 0062iCuti
pe3onancHoi mpyoxu Ha pieni 300 K
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Jlis Mozeni 3a7aHi KpOK 3a 4acoM 107 ¢ Ta Kinb-
KiCTh TOYOK MIPOCTOPOBOT OTHOBUMIpPHOI ciTkH 80, 110
BignoBigae npocropoBoMy Kpoky 0.000656 M. Tuck
HarHiTagHs 1 Mlla, sxuit 3asBiaeHuil B poOOTI I
BUKOPHUCTAHHS BHYTPIIIHBOI €HEprii MOTOKY MpH Pi3-
HHUILI THUCKIB.

Po3ristHeMo noCHiKEHHS! TEIIOBOTO MPOLECY IS
JIBOX TEMIIEPATyPHHUX PIBHIB — MEPIIHHA TEMIIepaTyp-
HAWM piBEHb BIANOBiNae «KIMHATHIW» TeMIIeparypi
293 K, nopyruil TemmepaTypHUH peXUM BiANOBiTae
piBHIO pigkoro azoty 66 K (puc. 4). dns cTBOpeHHS
KOJIMBAIBHOT'O PEXUMY pPYXy Tra3y B PE30HaHCHiH
TpyOLi, 3acTocyeMo B KOHCTPYKILIii ra3oBuil po3mo-
JITBHIK, SIK €JIEMEHT, SKHI CTBOPIOE ITyJIbCAlii rasy.
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Pucynok 4 — Temnepamypa 2azy no 008x4cuHi pe3ona-
HCcHOT mpybku Ha pieHi 66 K

Jis pgociiJpkeHHS 3MIHM TeMIleparypu ra3y Ha
000X TeMIepaTypHHUX PIBHSX, 33JlaHa 4acToTa ITyJib-
carii razy 550 I'i. Pe3ynbratu po3paxyHKy 3MiHU Te-
MIIEPATypH Ta3y B3JIOBK PE30HAHCHOI TPyOKH MpHBE-
neHi s 2-5-4-3 1ukiny 00epTaHHs ra30BOrO PO3IIO-
IiTBHUKA, IO BIiATIOBia€ BUXOAY TeHepaTropa Ha po-
Ooumii pexxum (puc. 5).

; Y
55 1 15 2 25 3 35 1
t[c]

Pucynok 5 — Temnepamypa 2asa Ha 8uxo0i 3

PE30HAHCHOT mpYOKU OJ1 A30MHO20 PiGHS

110

HocnimkeHHs 3MiHH TeMIepaTypu NPHUMaIbHOI
cyMimi Ha TemmneparypHoMy piBHiI 293 K, mokasamno
3MiHY TEMIIEpaTypy Ha BUXOJI 3 PE30HAHCHOI TPyOKHU
7 K (auB. puc. 3). Temneparypa x razy B o0nacTi 3a-
KpUTOTO TOpUs TPYOKH nocsirae 3HaueHHs 480...520
K. Ilpu posrmsmaHHi TeMmepaTypHOTO PiBHS PiIKOTO
a30Ty, MOXKHa 0auuTH SK 332 4ac BUXOLY HA PEXHUM
poboTH TeMIriepaTypa cyMimii 3MeHIryeTsesa Ha 0,7...
1,5 K (auB. puc. 4). JlocmimkeHHsT TeMIepaTypu po-
00401 cymili B 3aJIe)KHOCTI BiJ 4acy poOOTH Ha BH-
XOA1 3 pe30oHaHCHOI TPYOKM MpPEACTaBICHO Ha pHC.S.
MoxHO 0auuTH SK TeMIepaTypa CyMilli IMOCTYIOBO
3MeHIyeThes a0 65.3 K.

6. BUCHOBKM

3a JONOMOTOI0 OJHOBMUMIPHOI MOJET OTpHUMaHi
pe3yabTaTH Uil JOCIHIJPKEHHS OYUCTKH HEOHO-Te-
JieBoi cyMmili, SKi MOXKHa BUKOPHCTOBYBATH IS T10O-
JAIBIINX JOCTKEHb B IBOMY HAampsiMi BHIOOYTKY
rasie. 3a OTpUMaHUMU pe3yJbTaTaMH TEMIIEPATYPH MO
TOBXKMHI PE30HAHCHOI TPYyOKM MOKHA OaduTH 5K 3a
gac BUXOAY Ha PEeKUM POOOTH TeMIleparypa CyMIimTi
3meHmyersest Ha 0,7...1,5 K. Temnepatypa pobouoi
CyMillli IO TOBXKHHI TPYOKH 301IBLIYETHCS B CTOPOHY
3a4MHEHOro KiHug TpyOku Bix 60 mo 150 K.
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With the development of modern technologies, the application of mathematical modeling in the study of
various physical processes has become a very relevant topic for researchers. The rapid change of physi-
cal processes does not allow to study the process more deeply, which is precisely what prompts the re-
searcher to use modeling and sequential programming of mathematics. One of these processes is gas 0s-
cillations in a resonance tube in a Hartmann-Sprenger gas-jet acoustic cooling-heating generator. Sim-
plicity of constructions and quick change of processes in the generator made it possible to use mathemat-
ical modeling, which allows to study the processes of generators in a more perfect way. The operation of
generators is quite interesting from the point of view of the thermal and cooling direction of the develop-
ment of machineless gas-dynamic methods of obtaining temperature changes. This device combines sim-
plicity and reliability of the design, unlike other refrigerating machines, as it has simple moving parts in
its design or does not have them at all. Gas-jet acoustic refrigerating and heating generators have found
their application in oil and gas production, space technologies. Therefore, the relevance of studying the
generators themselves and, most importantly, the processes in them occupies not the last place in refrig-
eration and heating technology. After considering the development of technologies and mathematical
modeling, a promising method of obtaining a temperature change was chosen, which is based on the os-
cillating process of gases occurring in choked tubes. Hypotheses of thermal effects are considered in the
paper. Our own one-dimensional mathematical model of gas-dynamic processes is presented, which uses
a system of differential equations, which is solved by difference methods. The created model is pro-
grammed in the Lazarus Free Pascal programming language and is presented in the form of a program
for calculating the characteristics of a gas-jet refrigerating-thermal acoustic generator. Using the creat-
ed program, studies of the occurrence of the thermal effect at different temperature levels were conducted

Keywords: Hartmann-Sprenger tube; Resonant tube; Refrigeration-heating generator; Low tempera-
tures; Acoustic generator

References

1. Dymertsov, D., Koshevoy, S., Zimin, D. (2010)
Experimental study of the operation of a gas-dynamic
non-machine cold generator based on a Hartmann-
Sprenger tube at a temperature of 78K. Refrigeration
engineering and technology, 2, 9-15.

2. Bouch, D.J., Cutler, A.D. (2003) Investigation of a

Hartmann-Sprenger tube for passive heating of scram-
jet injectant gases. 41th Aerospace Sciences meeting
and exhibit, Reno, Nevada, 1-9.

3. Brocher, E., Kawahashi, M. (1986) Wave and
thermal phenomena in H-S tubes with an area
constriction. Proceedings of the 15th international
symposium on shock waves and shock tubes, Berkeley,
CA, USA, 179-185.

111



Po3gin 2. TepMoanHamiyHUA aHania Ta MmogentoBaHHA

4. Brocher, E., Maresca, C. (1973) Study of thermal
phenomena in a Hartmann-Sprenger tube. Interna-
tional Journal of Heat and Mass Transfer,16,529-538.
5. Bauer, C., Hauser, M., Haidn, O. (2015) In-
vestigation of stabilization effects in Hartmann-
Sprenger-Tubes. Proceedings of the 30th Internati-
onal Symposium on Space Technology and Science,
Kobe-Hyogo, Japan, 4-9 July.

6. Pang, Y., Zhang, G., Gu, H., Yuan, D., Chen, Y.,
Wu, L., Yao, H., Lin, C. (2022) Flow and sound field

112

characteristics of a Hartmann whistle with flow-
sound-separation feature. Applied Acoustics, 201,
109103.

7. Xia, G., Li, D., Merkle, C. (2007) Effects of a
Needle on Shrouded Hartmann-Sprenger Tube Flow.
AIAA Journal, 45, 5, 1028-1035.

Received 17 May 2024
Approved 03 June 2024
Available in Internet 30 June 2024



