). These flow patterns are presented on figures 1, 2 and 3 respectively, with their parameter range. This paper aims at making a comprehensive review of the literature on the PRB flows and a synthesis of the qualitative and quantitative data which describe them. Notably, we complete Kelly's reviews [1,2] by analysing more than ninety new references on this subject, among which fifty are later than 1993. The temporal linear stability analyses of the Poiseuille flow vis-à-vis the R  and the R // give the diagrams presented on figures 4 and 5 for infinite and finite spanwise aspect ratio ducts, respectively. The results of these diagrams have been known since early eighties (cf. §4). They are qualitative results which only give a simplified idea of the stability of the PRB flows.

The spatio-temporal linear stability analyses (dating from early nineties), which imply the concepts of convective and absolute instabilities, are more appropriate to describe the stability of these flows (cf. §5). Furthermore, recent experimental, theoretical and numerical studies, carried out in the non-linear domain, have shown the existence of three-dimensional unsteady thermoconvective structures whose shape is more complex than the R  and the R // . A review of these complex structures and on their stability is proposed in §8. This variation is shown for R // flows on figure 16, where three zones are revealed.

Equations (11-12), equation ( 13) and equation ( 16) are correlation laws respectively for the coordinates x 1 of the beginning of zone ( 2 17 and in the nomenclature, l e is determined from the stationary envelope Wmax(x). The curve L e =f(V g ) drawn on figure 18, representing the variation of the reduced growth length L e as a function of the reduced group velocity V g , is shown to be a universal curve in the sense that it is independent of the Prandtl number, as long as Re and Ra are not too large [68,78]. The divergence of the curve L e =f(V g ) at V g =2 corresponds to the transition between the absolutely unstable R  (V g <2) and the convectively unstable R  (V g >2). The values of Ra and Re at which l e diverge are shown to be a very precise criterion to define the transition curve Ra  conv (Re) (compare figures 10 and 17). §7 -In this section, the fine spatial and temporal structure of the R  is analysed. In §7.1, the influence on this structure of the open boundary conditions (OBC) that must be imposed at the outlet boundary of the computational domains for the numerical simulations is reviewed. Among all the tested OBC, the Orlanski type boundary conditions (equation ( 17)) is shown to be the one which perturbs the least the R  flows. The influence of the inlet boundary conditions (IBC) on the R  development in the numerical simulations and in the experiments is reviewed in §7.2.

The IBC influence on the R  is shown to be more important than the one of the OBC. 

  PRB flows between two infinite platesA.1.1 k x =0, k y 0 : formation of R // A.1.2 k x 0, k y =0 : formation of R  A.1.3 k x 0,k y 0 : formation of any structures and Squire transformation A.2 Case of the PRB flows in finite lateral extension channels A.2.1 k x =0 : formation of R // A.2.2 k x 0 : formation of 3D structures Abrigded English version  §1 -The Poiseuille-Rayleigh-Bénard (PRB) flows are laminar mixed convection flows in horizontal rectangular ducts uniformly heated from below and uniformly cooled from above. The three most common configurations in PRB flows are the Poiseuille flow and two thermoconvective flow configurations : the transversal rolls (R  ) and the longitudinal rolls (R //

  figure 10 for the convective/absolute transition curve Ra  conv computed from this

  figures 27 and 28 for this third case). In §8.1.1, the seventeen very recent

  The industrial applications of the PRB flows are presented in §2 and the pioneer experiments are presented in §3. A review on the heat transfers and on the characteristics growth length of the R  and of the R // is proposed in §6, and a synthesis of the quantitative data on the spatial and temporal characteristics of the R  and of the R // is given in §7. §2 -The two main industrial applications of the PRB flows concern, first, the development of the horizontal rectangular chemical vapor deposition (CVD) reactors which are used to produce thin and uniform films of inorganic matter (cf. §2.1) and, second, the cooling of the electronic equipments (cf. §2.2). A general presentation of the CVD process is done in §2.1.1. In §2.1.2, it is shown that the presence of R  flows, of R // flows or of a steady transversal roll located just above the entrance of the heated zone (cf. figure6 and table1 where this roll is noted ''R  fixe'') must be eliminated of the CVD reactors because these thermoconvective structures cause non-Re of the critical Rayleigh number for the R  (Ra  *) is reported. Three analytical formulae, extracted from[67, 68], giving Ra  * and the critical time pulsation and wave number for the R  as a function of Re and Pr, are also reported (cf. equations (1-3)). In §4.2.3, we briefly comment on the results of the 3D temporal In §5.1 and §5.2, we remind the reader of the general notions about the convective and absolute intabilities (cf. figure 14 in the case of 2D PRB flows) and

	stability and the type of the thermoconvective structures appearing above the neutral
	stability threshold are mentioned. In §4.2.1, the studies dealing with the stability of
	the Poiseuille flow vis-à-vis the first type and second type R // (cf. figure 7) are
	reviewed. In §4.2.2, a long discussion about the experimental verification of the
	increase with about the amplitude and Ginzburg-Landau equations. The criteria of stability and of
	absolute and convective instability for the Ginzburg-Landau equation (5) in its
	linearised version are given by equations (6-8) respectively. In §5.3, the two main
	contributions to the analyse of the convective and absolute instabilities in PRB flows
	uniform deposits. Recent studies [15, 18-20] show that the aperiodic or chaotic flows are reviewed. Müller et al. [67, 68, 78, 91] analyse the transitions between Poiseuille
	observed at high Rayleigh and low Reynolds numbers should be used to get uniform flow and R
	deposits in CVD reactors. A synthesis of the CVD numerical studies for
	configurations close to the PRB flows is presented in §2.1.3 and in table I. The
	studies on the cooling of electronic equipments, close to the PRB flow configuration,
	are summed up in §2.2.
	§3 -In this paragraph, we present a review of the pioneer experiments which
	took place from 1920 (with the first studies of Idrac [35, 36]) to 1938. They are
	mainly concerned with applications to meteorology. Their results were synthesized by
	Sir D. Brunt in 1951 [3].
	§4 -From 1962 to 1984, the PRB flow studies were mainly based on linear
	stability analyses of the Poiseuille flow, completed by experiments to verify the
	results of the theoretical models. Some of these models (based on temporal linear
	stability analyses) and the associated experiments concentrated on the fully-
	established thermoconvective flows (cf. §4.2), while the others (based on spatial
	linear stability analyses) and the associated experiments concentrated on the thermal
	entrance zone (cf. §4.3). The whole theoretical analyses are summarized in table II, in
	which the parameter range, the form of the normal modes, the criteria of neutral

linear stability analysis in finite lateral extension ducts

[52, 53, 54]

. Some of these results are presented in figures 5, 8-10. The mathematical formulation of the temporal linear stability analysis is given in annexe A. In §4.2.4, the weaknesses of this temporal linear stability analysis are brought out : first, it predicts either an odd or an even number of R // to appear depending on the aspect ratio B (cf. figure

8

), whereas all the experiments and numerical simulations predict an even number of R // for fullyestablished flows at Re>0 and for B>1.1 (cf. [76] for the explanation) ; second, it rightly predicts the critical Rayleigh number Ra // * for the appearance of the R // , but fails to predict the critical Rayleigh number for the appearance of the R  and the critical Reynolds number Re*  determined experimentally and numerically (cf.

figure 10 and table III).

To remedy this, the space and time growth of the perturbations has to be analysed, i.e. a convective/absolute stability analysis is necessary (cf. §5). In §4.3, three studies on the PRB flow stability in the entrance zone of infinite lateral extension ducts are analysed (cf. table

II

). The used stability criteria are schematically represented in figure

12

. Figure

11

shows that the R  are more unstable than the R // just at the entrance of the heated zone for small Reynolds numbers, which is widely verified by several recent papers. As shown in figure

13

, the stability criterion used in

[87] 

permits to find the experimental results again with a good agreement. §5 - in 2D PRB flows by 2D numerical simulations and with the Ginzburg-Landau equation (9) (cf. table IV for the coefficient values of this equation and cf.

  ), x 2 of Nu max in zone (2) and x 3 at which Nu exceeds the forced convection value of zone (1) by 3%. Other correlation laws (equations (14-15)) for the appearance length and the establishment length of the R // , determined from LDA experiments, are reported in §6.3.1. The results and the variation laws for the space and time average Nusselt number in fully-established

PRB flows are reviewed in §6.2 and table V. This Nusselt number is shown to keep constant whatever Re in the case of R // flows, but it is shown to decrease when Re increases in the case of R  flows. Most of the heat transfer studies are carried out in ducts of very large or infinite (2D) cross section. Very few data on the spanwise confinement influence on heat transfers are available. §6.3.2 is dedicated to the determination of the characteristic growth length l e of the R  . As shown in figure
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Dimensionless parameters

Nu