ȷURNAL FIZIQNIH DOSLIDȷEN^ t. 3, ˝ 1 (1999) s. 98–101

JOURNAL OF PHYSICAL STUDIES v. 3, No. 1 (1999) p. 98–101

MO”LIVOSTI VIKORISTANN POPEREQNOÕ TERMOELEKTRORUXI„NOÕ SILI V OPTIQNIH SEREDOVIWAH DL PERETVORENN TA RE˝STRACIÕ PROMENEVIH POTOKIV

I. V. Gucul Qernivec~kiȷ derıavniȷ universitet imeni “riffl Fed~koviqa vul. Kocbins~kogo, 2, Qernivci, 274012, UkraÝna (Otrimano 1 serpnffl 1997 r.; v ostatoqnomu viglffld˛ — 9 ıovtnffl 1998 r.)

Rozglfflnuto moılivist~ peretvorennffl ta re‚straciÝ visokointensivnih promenevih potokiv za dopomogo popereqnoÝ termoers, wo vinika‚ v anizotropnih seredoviwah ˛z rizno veliqino optiqnoÝ prozorosti. Oderıano osnovni virazi dlffl parametriv rozglfflduvanih optikotermoelementiv, a takoı termoİeneratoriv i priȷmal~nih pristroÝv, fflki bazut~sffl na vikoristanni metodu “prozoroÝ stinki”.

Kl¸qovi slova: promeneviȷ potik, popereqna termoelektroruxiȷna sila, optikotermoelementi, anizotropne seredoviwe, teploprovidnist~.

PACS number(s): 72.20.Pa

¨z rozvitkom nauki ȷ tehniki z’fflvilis~ rizni dıerela, enerİi fflkih u bagat~oh vipadkah dosit~ problematiqno re‚struvati ta peretvorvati isnuqimi zasobami ȷ metodami. Dlffl rozv’fflzku ci‚Ý zadaqi v naxiȷ roboti zaproponovano vikoristovuvati seredoviwa z rizno veliqino optiqnoÝ prozorosti. Ce v svo qergu privelo do pofflvi novogo metodu re‚straciÝ promenevih potokiv, nazvanogo metodom “prozoroÝ stinki”. V˛n bazu‚t~sffl na qastkovomu poglinanni prohidnogo viprominvannffl optiqno prozorimi seredoviwami z odnoqasnim peretvorennfflm poglinutoÝ qastini enerİiÝ za dopomogo vidomih teplopirokalorimetriqnih efektiv. Provedeniȷ analiz pokazu‚, wo dlffl promenevih potokiv UF–, vidimoÝ i IQ– oblasteȷ spektra realizaciffl c~ogo metodu osoblivo perspektivna dlffl vipadku vikoristannffl fflviwa popereqnoÝ termoers [1], wo vinika‚ v anizotropnih seredoviwah i sluıit~ osnovo pofflvi anizotropnih optikotermoelementiv (AOT) [2, 3]. U roboti vikladena teoriffl AOT i proanal˛zovan˛ Ýhn˛ parametri ta moılivosti.

Rozglfflnemo AOT, fflkiȷ fflvlffl‚ sobo plastinu 1 iz zadanimi rozmirami a, b, c (ris. 1) z mater˛ffllu, anizotropnogo za koefici‚ntami termoers α̂ i teploprovidnosti æ̂. Tenzori α̂ i æ̂ v laboratorniȷ sistemi koordinat (XY Z), povernutiȷ na kut φ v plowini XOY vidnosno kristalografiqnoÝ (X^′Y^′Z^′), mat~ viglffld

α̂ = | | | | | | α_{11} sin^2 φ + α_⊥ cos^2 φ (α_{11} − α_⊥) sin φ cos φ 0 (α_{11} − α_⊥) sin φ cos φ α_{11} cos^2 φ + α_⊥ sin^2 φ 0 0 0 α_⊥

| | | | | | ,

(1)

æ̂ = | | | | | æ_{11} sin^2 φ + æ_⊥ cos^2 φ (æ_{11} − æ_⊥) sin φ cos φ 0 (æ_{11} − æ_⊥) sin φ cos φ æ_{11} cos^2 φ + æ_⊥ sin^2 φ 0 0 0 æ_⊥

| | | | | .

Na verhn gran~ c~ogo termoelementa pada‚ promeneviȷ potik z gustino q_0, a ȷogo niınffl gran~ znahodit~sffl v teplokontakti z termostatom 2 pri temperaturi T = T_0. Bokovi grani plastini teploizol~ovani, pri c~omu ne vrahovu‚mo kraȷovih efekt˛v (a = c >> b) [4]. Rivnomirniȷ monohromatiqniȷ potik z gustino q_0 i dovıino hvili λ_0, proȷxovxi qerez taku plastinu, viklika‚ pofflvu v niȷ İradi‚nta temperaturi i odnoznaqno zv’fflzanoÝ z nim popereqnoÝ termoers.

Rozpodil temperaturi v plastini znahodimo z osnovnogo zakonu teploprovidnosti pri nafflvnosti vnutrixnih dıerel tepla ∂T ∂t = 1 c_0d 3∑ i=1 3∑ k=1 æ_{ik} ∂^2T ∂x_i∂x_k + q_v c_0d

, (2)

de c_0 — teplo‚mnist~, d — gustina mater˛ffllu AOT

MO”LIVOSTI VIKORISTANN POPEREQNOÕ TERMOELEKTRORUXI„NOÕ SILI. . .

vidpovidno, q_v — kil~kist~ tepla, wo vidilffl‚t~sffl vnutrixnimi dıerelami v odinici ob’‚mu za odinic qasu, æ_{ik} — vidpovidni koefici‚nti tenzora teploprovidnosti, fflki viznaqa‚mo z drugogo spivvidnoxennffl (1).

U vipadku stacionarnogo rozpodilu temperaturi ∂T ∂t = 0 dlffl nabliıen~^{∂T}_{∂x} =^{∂T}_{∂z} = 0, æ_{12} < æ_{22} rivnfflnnffl (2) nabude takogo viglffldu:

æ_{22}

∂^2T ∂y^2 + q_v = 0. (3)

Vikoristovuqi vidomiȷ zakon Buİera–Lamberta, oderıu‚mo q_v = q_0γe^{−γ(b−y)}, (4) de γ — koefici‚nt poglinannffl mater˛ffllu AOT.

Pidstavivxi (4) v (3) i rozv’fflzuqi (3) pri kraȷovih umovah

T |_{y=0} = T_0, ∂T ∂y | | |_{y=b} = 0,

oderıu‚mo rozpodil temperaturi vseredini ob’‚mu AOT T (y) = T_0 + q_0 æ_{22} [ y + e^{−γb} γ (1 − e^{γy} ) ] . (5)

Napruıenist~ termoelektriqnogo polffl E_T viznaqa‚mo spivvidnoxennfflm

E_T = α̂∇T . (6)

Pidstavlfflqi (5) v (6), oderıimo

E^T_x = α_{12} ∂T ∂y = q_0 α_{12} æ_{22} [ 1 − e^{−γ(b−y)} ] . (7)

Zgidno z [5] popereqnu termoers viznaqa‚mo takim qinom:

E = 1 bc b∫ 0 dy c∫ 0 dz a∫ 0 E^T_x dx. (8)

Pidstavivxi (7) u (8), oderıimo viraz dlffl e.r.s. AOT

E = q_0a α_{12} æ_{22} [ 1 − 1 γb (1 − e^{−γb}) ] . (9)

Koefici‚nt korisnoÝ diÝ takih pristroÝv [6] viznaqa‚mo spivvidnoxennfflm [7] η = η_k 1 1 + Λ

, (10)

de η_k — k.k.d. ciklu Karno, Λ =^{BT0}_A , A = J^2Rzovn. — potuınist~ AOT, B — xvidkist~ viniknennffl entropiÝ vseredini ob’‚mu AOT, fflka ma‚ takiȷ viglffld: B = Q_0 T_0 − Q_1 T_1

= æ_{22}S [ 1 T_0 dT dy | | | |_{y=0} − 1 T_1 dT dy | | | |_{y=b} ] , (11)

de Q_0, Q_1 — kil~kist~ teplot na niıniȷ i verhniȷ granfflh AOT vidpovidno, S = a · c — plowa cih graneȷ, T_1 — temperatura verhn~oÝ grani.

Dlffl dosl˛dıuvanogo AOT iz urahuvannfflm (5) oderıimo dlffl (11) takiȷ viraz:

B = q_0acT^{−1}_0 (1 − e^{−γb}). (12)

Strum J, wo protika‚ qerez AOT, J = E R_i + Rzovn. = q_0aα_{12} (R_i + Rzovn.)æ_{22} [ 1 − 1 γb (1 − e^{−γb}) ] , (13)

de R_i = ρ^a_{bc} — vnutrixniȷ opir AOT, ρ — pitomiȷ opir mater˛ffllu, Rzovn. — opir navantaıennffl.

U vipadku R_i = Rzovn. viraz dlffl roboti A z urahuvannfflm (13) nabude takogo viglffldu:

A = q^2_0abcα^2_{12} 4ρæ^2_2 [ 1 − 1 γb (1 − e^{−γb}) ]_2

. (14)

Todi bezrozmirniȷ parametr Λ, fflkiȷ vhodit~ u viraz dlffl k.k.d. η,

Λ = 4ρæ^2_2(1 − e^{−γb}) q_0bα^2_{12}[1 −^1_{γb} (1 − e^{−γb})]^2

. (15)

U rezul~tati, pidstavlfflqi (15) u (10) iz urahuvannfflm (5), oderıimo

η = q_0bæ^{−1}_{22} [1 +^1_{γb} (e^{−γb} − 1)] T_0 + q_0bæ^{−1}_{22} [1 +^1_{γb} (e^{−γb} − 1)]

(16)

× [ 1 + 4ρæ^2_2(1 − e^{−γb}) q_0bα^2_{12}[1 −^1_{γb} (1 − e^{−γb})]^2 ]_{−1} .

I. V. GUCUL

Mate- Oblast~ Koeficicnt Koeficicnt Koeficicnt Koeficicnt p˛ffll optiqnogo optiqnogo popereqnoï teplopro- elektropropropuskannffl poglinannffl termoers vidnosti vidnosti λ, mkm γ, sm^{−1} Δα, æ, σ, (pri λ = 10.6mkm) mkV · k^{−1} Vt · (sm·k)^{−1} Om · sm^{−1} CdSb 2.6 ... 40.0 0.2 200 1.5 · 10^{−2} 0.3 ZnSb 2.4 ... 27.0 0.5 150 1.1 · 10^{−2} 1.5 LdAS_2 1.25 ... 16.0 0.5 350 2.0 · 10^{−2} 0.03 ZnAS_2 1.36 ... 21.0 1.0 220 6.0 · 10^{−2} 0.01 CdS 0.5 ... 18.0 0.5 150 2.0 · 10^{−1} 0.6 Te 3.6 ... 30.5 0.2 160 3.0 · 10^{−2} 4.0

Tablicffl 1

Tip Mater˛ffll Mater˛ffll Vol~t- Maksimal~na Plowa priȷ- termo- termo- vatna potuınist~ roboqih maqa elementa stata qutlivist~ enerİiï graneȷ S, V · Vt^{−1} q_0, Vt · sm^{−2} a × c, sm^2 APP–1 CdSb CdTe 2 · 10^{−5} 5.0 · 10^3 0.3 × 0.3 APP–2 CdSb CdTe 2 · 10^{−6} 4.5 · 10^2 1.0 × 1.0 APP–3 CdAs_2 CdTe 1 · 10^{−7} 3.6 · 10^3 4.0 × 4.0 APP–4 ZnAs_2 CdTe 1 · 10^{−7} 1.0 · 10^4 0.8 × 0.8 APP–5 CdS CdTe 1 · 10^{−7} 2.0 · 10^4 0.5 × 0.5

Tablicffl 2

Ris. 1. Anizotropniȷ optikotermoelement: 1 — plastina dovıino a, visoto b i xirino c iz anizotropnogo termoelektriqnogo mater˛ffllu; 2 — termostat visoto b1 ; 3 — elektrovivodi. Sprava — laboratorna sistema koordinat XY Z i ori‚ntaciffl kristalografiqnih oseȷ X^′Y^′Z^′ plastini 1.

Analiz viraziv (9) i (16) pokazu‚, wo maksimal~ne znaqennffl popereqnoÝ termoers E i k.k.d. η viznaqa‚t~sffl anizotropi‚ koefici‚ntiv fflk termoers α̂, tak i teploprovidnosti æ̂ i sposteriga‚t~sffl pri defflkomu optimal~nomu znaqenni kuta φopt., fflkiȷ viznaqa‚mo z umov^{∂E}_{∂φ} = 0,^{∂2E}_{∂φ2} < 0 [1].

Z (9) i (16) ˛z urahuvannfflm (1) vipliva‚, wo dlffl reıimu roboti AOT −γ_1b_1 << γb << 1, nazvanogo reıimom optiqnogo propuskannffl (γ_1 — koefici‚nt optiqnogo poglinannffl mater˛ffllu termostata visoto b_1), virazi dlffl e.r.s. E, k.k.d. η i dobrotnosti mater˛ffllu AOT z_A mat~ takiȷ viglffld:

MO”LIVOSTI VIKORISTANN POPEREQNOÕ TERMOELEKTRORUXI„NOÕ SILI. . .

E_1 = q_0aα_{12}γb

2æ_{22}

, (17)

η_1 = q_0bæ^{−1}_{22} γb 2T_0 + q_0bæ^{−1}_{22} γb [ 1 + 8ρæ^2_2(2 − γb) q_0bα^2_{12}γb ]_{−1} , (18)

z_{A1} = α^2_{12}γb ρæ_{22}

. (19)

Dlffl reıimu ob’‚mnogo poglinannffl, γb_1 << γb ≃ 1,

E_2 = q_0aα_{12}e^{−1}

æ_{22}

, (20)

η_2 = q_0bæ^{−1}_{22} e^{−1} T_0 + q_0bæ^{−1}_{22} e^{−1} [ 1 + 4ρæ^2_2(1 − e^{−1}) q_0bα^2_{12}e^{−2} ]_{−1} , (21)

z_{A2} = α^2_{12} ρæ_{22}

(1 − e^{−1}). (22)

U vipadku reıimu poverhnevogo poglinannffl, γb >> 1, E_3 = q_0aα_{12} æ_{22}

, (23)

η_3 = q_0bæ^{−1}_{22} T_0 + q_0bæ^{−1}_{22} [ 1 + 4ρæ^2_2 q_0bα^2_{12} ]_{−1} , (24)

z_{A3} = α^2_{12} ρæ_{22}

. (25)

Z (17)–(25) vipliva‚, wo efektivne vikoristannffl dosl˛dıuvanih termoelementiv u rol˛ enerİetiqnih peretvorvaqiv ‚ perspektivnim dlffl AOT, fflki pract~ u reıimi poverhnevogo poglinannffl. Termoelementi, wo pract~ u reıimi optiqnogo propuskannffl, dozvolili realizuvati metod “prozoroÝ stinki” i stvoriti zasobi dlffl re‚straciÝ ta neperervnogo kontrol promenevih potokiv riznoÝ potuınosti [10–11].

[1] W. Tomson, Math. Phys. Pap. 1, 266 (1882). [2] A. A. Aweulov, V. M. Kondratenko, “. B. Pilfflvskiȷ, I. M. Rarenko, Ukr. fiz. ıurn. 29, 1427 (1984).

[3] A. A. Aweulov, Opt.–meh. prom. 12, 48 (1989). [4] A. A. Snarskiȷ, V. N. Slipqenko, Fiz. tehn. polupr.

8, 2010 (1974).

[5] A. A. Snarskiȷ, Fiz. tehn. polupr. 11, 2053 (1977). [6] A. A. Aweulov, I. V. Gucul, A. I. Rarenko, Ukr. fiz.

ıurn. 38, 923 (1993).

[7] V. N. Slipqenko, Ukr. fiz. ıurn. 21, 126 (1976). [8] A. T. Burkov, A. Heinrich, M. V. Vedrnikov, in XIII Int.

Conf. of Thermoelectrics (USA, N. Y., 1995). [9] S. V. Ordin, in XIII Int. Conf. of Thermoelectrics (USA, N. Y., 1995).

[10] A. A. Aweulov, I. V. Gucul, A. I. Rarenko, Opt.

ıurn. 4, 78 (1993).

[11] A. A. Ashcheulov, J. Thermoelectricity 4, 59 (1995).

APPLICATION POSSIBILITIES OF TRANSVERSAL THERMOELECTROMOTIVE FORCE IN OPTICAL MEDIA FOR TRANSITITION AND REGISTRATION RAY STREAMS

I. V. Gutsul Yurii Fed’kovych Chernivtsi State University, Chair of Theoretical Physics, 2 Kotsiubynskyi Str., Chernivtsi, UA–274012, Ukraine

The abilities of transformation and registration of high intensity ray streams using transversal thermoelectromotive force which arise in anisotropic media with varying values of optical transparency are considered. Main analytical expressions are obtained using the “transparent wall” method for the parameters of optical thermoelements considered and also for thermogenerators and receivers.