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ABSTRACT

One of the unresolved issues for condensing flow in large
steam turbines is correct prediction of the droplet size distribu-
tion. Optical measurements taken in the later stages of LP steam
turbines have shown that the time-averaged droplet size spectra
are much broader with larger average diameters than predicted
by most theoretical and computational methods. Previous work
has suggested that the broad distributions might stem from un-
steadiness created by the interaction between successive blad
rows — the so-called 'wake-chopping’ effect. The current pa-
per presents preliminary results of multi-stage CFD calculations
aimed at investigating the impact of such unsteadiness on the
condensation process. Ye

A method for calculating unsteady, viscous, condensing r
flows in multi-stage steam turbines is first outlined. This is based
on an established single-phase flow solver with nucleation and S
droplet growth incorporated via moment evolution equations for
the polydispersed liquid phase. The method can be used to com-'d
pute two- and three-dimensional steady and unsteady flows, time!
accuracy being preserved for unsteady calculations by means Y
of the dual time-stepping technique. Comparison between com-
puted results and experimental data is presented for nozzle and
cascade flows for the purpose of validation. Finally, results are Hi
presented for a two-dimensional unsteady multi-stage calcula- P
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NOMENCLATURE

specific internal energydkg |

droplet number density functiofm=tkg 3]
droplet growth rate, g/dt, [ms ™3
specific enthalpylJkg ]

specific enthalpy of vapourisatiofdkg ]
nucleation rate[s kg ]

Knudsen number

Mach number

pressurej]Nm—2

Prandtl number

condensation coefficient

droplet radius|m|

specific gas constarflkg K 1]
specific entropylJkg 1K 1]
temperaturelK]

droplet temperaturék]

velocity vector[ms ]

wetness fraction

subcooling/K]

vapour thermal conductivitpvm—2K 1]
i’ moment of size distribution
density,[kgm 2]

tion, highlighting the impact of wake-chopping and related un- 9 liquid surface tensior{Jm 2]
steady phenomena on the droplet spectra. _

subscripts
I 14 liquid water

g gas phase
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i moment index

S saturation value

0 stagnation value

* critical value

32 Sauter mean value

Other symbols are defined in the text where they are introduced.

1 INTRODUCTION

Almost a century ago, Baumann proposed a rule of thumb

for estimating wetness losses in wet-steam turbines. In the inter-

Using an essentially identical method to that of Guha &
Young, Petr & Kolovratnik [6] undertook statistical calculations
for a 200 MW LP turbine, comparing their results with opti-
cal measurements. Since the inversion process required to e
tract droplet spectra from optical data involves significant un-
certainty, they adopted the simple expedient of computing the
light transmittances from the computed spectra and comparin
directly with the measurements. Respectable agreement was o
tained, but only by tuning of the assumed pitch-wise loss profiles

Despite the success of the statistical wake-chopping mode
in predicting the correct qualitative behaviour, it is unlikely at
this stage that such a technique could be employed for usefi
guantitative calculations. This is in part due to the require-

vening years, engineers have acquired an understanding of howment for tuning of loss parameters, but also because certain pi
water droplets form and grow in high speed steam flows, but no tentially important effects cannot easily be included within the
physical model to predict the wetness losses has been forthcom-model. Examples include: (i) pitch-wise variations in the ex-
ing. One reason is that it has not been possible to predict the cor-pansion rate f = —dIn(p)/dt) which is known to strongly in-

rect size distribution of fog droplets formed in LP turbines. The- fluence the number of droplets nucleated [7]; (ii) interactions be
ory gives acceptable agreement with laboratory nozzle and cas-tween blade trailing-edge shockwaves and the condensation zo
cade experiments [1], but predicting the broad range of droplet which may serve to prematurely terminate the nucleation pro
sizes observed in LP turbines has so far defied theoretical mod-cess [8]; (iii) the possible occurrence of condensation induce
elling. Obtaining the correct droplet size distribution is a crucial shockwaves due to supercritical heat release, such as those ¢
step in the prediction of wetness losses, water deposition onto served in nozzles [9]. Such phenomena (which may or may nc
blade surfaces and other two-phase phenomena since these dehave a bearing on the droplet spectra in real turbines) can onl
pend strongly on droplet radii. really be modelled by undertaking calculations of the complete

One hypothesis is that the broad spectra observed in real tur- flowfield, including full two-way coupling of the phase change.

bines stem from unsteady wake-chopping effects. Segmentation Computational methods for fluid flow have now reached a
of the wakes in successive blade rows means that fluid 'parti- stage whereby full unsteady, 3D viscous calculations are feasib
cles’ passing through the turbine experience different levels of for a complete multistage turbine. Furthermore, steam conder
dissipation, thereby spreading the condensation process over sevsation effects can be incorporated into such methods with a relz
eral blade rows. The wake-chopping effect was first analysed by tively modest increase in computational requirement by adoptin:

Gyarmathy & Spengler [2] who were concerned with explain-
ing total temperature fluctuations observed in turbine exit flows.
They were also aware, however, of the implications for phase
change. Later, Bakhtar & Heaton [3] provided an estimation of
the effect on droplet sizes by means of a simple statistical model.
This involved using a random variable to assign the circumfer-
ential location of fluid particles at entry to each blade row, cou-
pled with assumed pitch-wise loss profiles and a simplified (tab-

ulated) condensation model. Their results showed a broadening
of droplet spectra as a consequence of the fluctuating dissipa-

tion levels, but the precise shape of the size distributions was
found to be quite sensitive to the assumed loss profiles. Guha &
Young [4] refined the statistical model by employing Lagrangian-

style nucleation and droplet growth calculations, tracking large

numbers of fluid particles through a flowfield determined by a

streamline curvature throughflow calculation. Wake profiles and
wake propagation were put on a firmer theoretical footing but

nonetheless required a degreadfhocphysical modelling. Pre-

efficient look-up tables for steam properties, and by using the firs
few moments of the size distribution to represent the complet
droplet spectrum. It is therefore timely to use such an approac
to assess the impact of the wake chopping effect and other forn
of unsteadiness. The method described herein is being deve
oped to perform full 3D calculations but this paper details only
preliminary 2D and quasi-3D results in order to demonstrate th
concept.

2 THE NUMERICAL METHOD

The two phase wet steam mixture is assumed to comprise
fog of spherical liquid droplets dispersed throughout the contin
uous vapour phase. Fog droplets are sufficiently small that ve
locity slip between the phases may be assumed negligible. (No
that some slip must occur in real turbines, at least at the leve
of turbulent eddies, since substantial deposition onto blades |
observed. However, the objective here is chiefly to compute th

dicted droplet spectra were again found to be broadened by thefog droplet size distribution and the inclusion of slip is an unwar-

unsteadiness and sometimes showed slight bi-modality, this be-

ing in keeping with optical measurements [5].

ranted complication for this purpose.) With the no-slip assump:
tion, the conservation equations for the mixture as a whole ar
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identical to their single-phase counterparts, providedithesity, distributions measured in turbines stem from time-averaging o
P, specific enthalpyh, and specific internal energg;, are treated fluctuating spectra, rather than from there being a wide polydis
as mixture quantities, as discussed further below. The condens-persion of droplets at a fixed point in space and time. The mo
ing flow solver employed for the present work has thus been de- ment approach should therefore remain valid. (Use of the sc
veloped by extension of a single-phase method, TBLOCK, which called quadrature moment method [17] may also be able to im
is a Reynolds-averaged Navier-Stokes solver developed by Den-prove the accuracy for broad distributions but requires additione
ton. This code is based on Denton’s other 3D flow solvers devel- computational effort and has not been implemented at this stage
oped for turbomachinery applications [10, 11], but is more ver- The j'" moment of the droplet size distributien is defined
satile (by virtue of the multi-block grid structure) and can per- by:

form efficient unsteady calculations by using implicit dual time-

stepping [12]. The algorithm used for steady calculations and ®

the inner steps of unsteady calculations is the explicit "scree” Hi = '/0 rfdr, (2)
scheme [11] with spatially varied time steps. Turbulence is mod-

elled with a simple mixing length approach combined with aslip - \ynerer is the droplet radius anflis the droplet number density
condition at solid boundaries. Shear stresses at the boundariesnction so thatfdr is the number of droplets per unit mass of

are then computed from wall functions [10]. mixture in the size rangeto r +dr. Low order moments have
an obvious physical significance, withy, u> andus being pro-
2.1 Modelling the Liquid Phase portional to the number of droplets, total droplet surface area an
Due to capillary effects, the droplet temperatLifg, (and total droplet volume respectively (all per unit mass of mixture).

hence other ||qu|d phase properties) is a function of drop|et size. The wetness fraction is also related to the third moment througl‘
Furthermore, as described in Ref. [13], the specific internal en-
ergy of droplets comprises bulk and surface terms, the latter be-
ing a function of their size. This means that the liquid phase con-
tribution to mixture specific properties, etc.) should strictly

be evaluated by integrating over the size distribution. However, wherep, is the liquid density.

experience has shown that very little error is incurred by evalu- As shown in Ref. [15], the evolution of th" moment is
ating liquid properties at the saturation temperafii(@). This given approximately by:

is so becaus@&, only differs significantly fromTs in the case of

extremely small droplets which make only a small contribution _ _

to mixture quantities. (A similar argument applies for surface en- = (Puj)+0-(pyju) = jpGuj-1+pIrl, j=0,1,2,3 (4)
ergy terms.) Thus, to a very a good approximation, the mixture
specific enthalpy is given by:

4
y = 3TPeks 3

whereG is a representative average growth rate (evaluated hel
at the surface-averaged droplet radiyg,= / L2/ o), J is the

h=(1-y)hg+yh, 1) nucleation rate and, is the critical radius. Other symbols are as
defined in the nomenclature. Inspection of Eqn. (4) reveals the

wherehy is the vapour phase specific enthalpy (evaluatgsaid the evolution ofus (and hencey) depends oruy which in turn
Tg), hy is the liquid specific enthalpy (evaluated@andTs(p)) depends onu; etc. Thus four additional conservation equations

andy is the wetness fraction which is determined by integrating must be solved to compute the wetness fraction.
the nucleation and droplet growth equations. Other mixture spe-
cific quantities are computed using expressions similar to Eqn.
(1), and it is through relationships of this sort that the gas dy-
namic and condensation equations are linked.

Nucleation and growth occur over a range of vapour-phase
conditions resulting in a polydispersion of droplet sizes. This is
modelled here by computing the evolution of the first few mo-
ments of the droplet size distribution. This method was first in- 2 ’
troduced by Hill [14] and a detailed description of its derivation J= 1 qcp_g1 [20 exp<_4nr_*o> (5)
and the approximations involved may be found in Ref. [15]. For 1+ “ppe V o 3KTg
wet steam applications it is known that the moment method be-
gins to incur sizeable errors once the droplet spectrum becomeswhereq. is the condensation coefficient (assumed to be unity)
very broad [16]. However, it is anticipated that the broad size mis the mass of a moleculk,s Boltzmann’s constant, is the

Nucleation A comprehensive review of nucleation rate
expressions and their application to wet steam flows is givel
in Ref. [18]. For the results presented here, the classical rat
equation has been used, combined with a correction for nor
isothermal effects:
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Kelvin-Helmholtz critical radiusg is the surface tension (as-
sumed to be the flat film value) ai+ @) is the non-isothermal

correction factor. The definitions of and ¢ are standard and 0.7 0.1
may be found with discussion in Refs. [19, 20]. . Measured | 0.08
Computed '

Droplet Growth  Droplet growth is computed from 0.6/ 0'06§
Young’s modified form of Gyarmathy’s growth law: o
0.04T
dt  higoer (143.78(1— v)Kn/Pr) E 2
o}
where A is the thermal conductivity of the vapoupr is the 0.4r 0_02§

vapour Prandtl number arkh is the Knudsen number. The term
(1—v) was proposed by Young [19] to improve agreement with

low pressure nozzle experiments. The formrvadnd discussion 0.3F

of its justification may be found in Refs. [19, 21] but it should be . . . .

noted that the effect of this parameter is not dramatic. For the 0 0.1 0.2 0.3 0.4
present calculations, ~ 0.5. Distance from throat (m)

2.2 Avrtificial Dissipation FIGURE 1. COMPARISON OF COMPUTED AND MEASURED
Artificial dissipation is required to stabalise the numerical CENTRE-LINE PRESSURE AND DROPLET RADIUS FOR NOZ-

scheme and prevent short wavelength oscillations in the neigh- ZLE B FROM{[24]. INLET CONDITIONS:Po; = 0.25 BAR, Toy = 358
bourhood of discontinuities. Following Jameson [22], a blend

of fourth and second order smoothing is employed, using a

pressure-based switch to turn on the second order terms (and re-

duce the fourth order ones) near shockwaves. In addition, since

nucleation results in very rapid increases in droplet number, a

similar switch based ops is used to control smoothing terms  experimental results for nozzle B of Mooe¢ al [24]. The re-

for the moment conservation equations. sults shown have been computed with a structured 2D grid corm
prising 149x 32 cells, which is sufficient for grid independence.
2.3 Steam Properties The grid was stretched so that there was a high resolution in th

Steam (vapour phase) properties have been included usingregion of nucleation and at the walls to resolve the boundar
a tabular Taylor series expansion method described in Ref. [23]. 1ayers. (Coarse grids tend to smooth out temperature variatior
Properties and their first and second derivatives (with respect to Within the condensation zone, leading to the nucleation of fewe
internal energy and density) are stored in a look-up table and in- droplets which consequently grow to larger diameters.)

termediate vglue; are determined by interpolation. Any equation As discussed in Ref. [25], the discontinuity in curvature of
of state can in principle be used to generate the tables; that usedne wall profile for nozzle B (and the other nozzles presente

here is described in Ref. [20] and is valid for pressures below 5 [24]) leads to strong 2D effects which show up as undulation:
bar. in the centre-line pressure. To some extent these are smooth
out by viscous effects, and consequently the computed results a
sensitive to the assumed state of the boundary layer. In keepir
3 NOZZLE AND CASCADE CALCULATIONS with the findings presented in Ref. [25], best agreement with ex

F%r the p(Ljero§es ]fl)f COdﬁ vahgatlon, a nurrt1b§r CX nOIZZI?_ andfperiment is obtained for a turbulent boundary layer calculation
cascade condensing Tlows have been computed. A SEIECUon oy, o yagyits shown the boundary layer grows from zero thick:

these is presented here alongside experimental data where avall-ness at entry to the computational domair at—0.22m. (Para-

able. doxically, seemingly better agreement with the measured pre:

sure distribution was obtained in Ref. [20] using a much coarse

3.1 Steady Nozzle Flow grid and an inviscid calculation method, but those results did no

Figure 1 shows the computed centre-line pressure distribu- exhibit the pressure undulations discussed above. For further di
tion and Sauter mean droplet radiug(= 3/ U2) compared with cussion, see Ref. [21].)
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T

FIGURE 2. ASYMMETRIC SUPERCRITICAL OSCILLATIONS —
NUMERICAL SCHLIEREN IMAGE (CONTOURS ORdp/dx) FOR

NOZZLE E IN [24] WITH Pyz = 1 BAR AND Tp; =378 K. (T IS THE

PERIOD OF ONE OSCILLATION.)

FIGURE 3. ABOVE: COMPUTED PRESSURE CONTOURS
3.2 Asymmetric Supercritical Oscillations (Nm~2) AND NUCLEATION RATE (SHADED); BELOW:

To demonstrate the unsteady capability of the code, calcu- SCHLIEREN IMAGE FOR TEST L2 IN [8]. Py = 0.409 BAR,

lations have been undertaken for so-called supercritical heat ad-To1 = 354 K, ISENTROPIC EXIT MACH No. Mps = 1.11. THE
dition — i.e., where the latent heat release is more than sufficient FEATURES CORRESPONDING TO THE SUCTION AND PRES-

to return the flow to sonic conditions. A particularly interest- SURE SURFACE SHOCKWAVES ARE LABELLED SS AND SP

ing example of this is the asymmetric oscillation phenomenon RESPECTIVELY.
discovered by Adam & Schnerr [26] for moist air nozzle flows.

Such oscillations were first observed experimentally but have

also been simulated with inviscid flow calculations for both moist

5 Copyright © 2011 by ASME
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. Measurement
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1 1 1 1 ]
0'20 0.2 0.4 0.6 0.8 1
Non-dimensional surface distance FIGURE 5. COMPUTED CONTOURS OF exXp-As/R) FOR A

TWO STAGE UNSTEADY QUASI-3D CALCULATION (DRY, PER-

FECT GAS FLOW).
FIGURE 4. COMPUTED AND MEASURED BLADE SURFACE

PRESSURE DISTRIBUTIONS FOR TEST L2 [8].

air [26] and pure steam [25]. Figure 2 shows computed shaded from the suction surface of the blade in the schlieren image. A

contours ofdp/dx (equivalent to a schlieren image) at five time ~ With other attempts at computing this case (e.g., Refs. [8, 27])

intervals over a single period. This mode of oscillation comprises the pressure surface shockwave is found to interact with the nt

a complex sequence of unsteady, oblique shockwaves which in- cleation zone such that significant condensation does not appe

teract with the condensation zone. Although there are no ex- until further downstream over part of the pitch. It is clear that

perimental data for this phenomena occurring in pure steam, the this sort of interaction will be sensitive to small numerical errors,

results shown in Fig. 2 bear very close resemblance to the to the highlighting the difficulties associated with predicting all the

sequence of oblique shock structures observed in the experimentdPhenomena occurring within the turbine environment. Nonethe

of Adam & Schnerr for moist air. less, acceptable agreement between the computed and measu
It is conceivable that oscillatory behaviour of the sort de- blade surface pressures is obtained, as shown in Fig. 4.

scribed above may occur within turbine blade passages. As yet

there is no evidence for this but, were it to be the case, it may have

implications for aerodynamic performance and unsteady blade

loading. Furthermore, periodic qugnc;hing of the ngcleation Pro- 4 UNSTEADY QUASI-3D CALCULATIONS FOR A TWO

cess by f[he unfsteady shockwaves is likely to result.m broadersize  gTAGE LP TURBINE

distributions with a larger average size, as shown in Ref. [21] for

the case of symmetric oscillations. An initial investigation of the wake-chopping effect is pre-

sented here, based on quasi-3D calculations for two consecuti
LP turbine stages. The geometry is not that of a real turbine b
3.3 Comparison with Cascade Experiments is nonetheless intended to be representative-o58% reaction
As a final validation case, condensing flow in a cascade of machine at mid span. Each blade row has the same number
LP turbine stator blades has been computed and the results comblades which, although not realistic, means that only one pas
pared with the experiments of Whigt al [8]. Due to space con- sage per row needs to be computed. In order to assess the imp
straints, only one case is presented: that of test L2, conducted at aof wake-chopping, fully unsteady and steady calculations havi
low inlet superheat and moderate exit Mach number. Computed been undertaken for comparison. For the latter, all flow variable:
pressure contours are shown in Fig. 3 alongside the experimentalare circumferentially averaged at the slip planes located roughl
schlieren image. Figure 3 also shows regions of high nucleation midway between the trailing edges of one blade row and the leac
rate (dark shading) which coincide with the feature emanating ing edges of the next.
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FIGURE 6. COMPUTED FLUCTUATION IN VAPOUR SUB- FIGURE 7. COMPUTED TIME-AVERAGED DROPLET SIZE
COOLING (AT = Ts— Tg) AT A POINT (FIXED IN ROTOR FRAME DISTRIBUTIONS DOWNSTREAM OF THE SECOND ROTOR FOR

OF REFERENCE) LOCATED MID PASSAGE NEAR THE FINAL STEADY (BOLD) AND UNSTEADY CALCULATIONS.
ROTOR TRAILING EDGE (DRY, PERFECT GAS FLOW).

exceed 35- 40 °C. Nonetheless, Fig. 6 serves to demonstrate
that dramatically fluctuating nucleation rates are likely to resul
from the wake-induced unsteadiness. In this respect, it is wort

Figure 5 shows shaded contours of dissipation in the form noting that, at typical nucleating conditions, #& increase in
of exp(—As/R), whereAs is the difference between the local AT will increasel by a factor of 2- 3.

specific entropy and that at inlet to the flow domain. The re-

sults presented here are for a dry, perfect gas calculation (the

steam is allowed to become super-saturated, but no condensatior#.2 Condensing Flow Calculations

modeling is used) so that the wakes can be easily discerned (the  The two stage steady and unsteady calculations discusst
condensation process engenders its own entropy increase whictabove were repeated for condensing flow. Figure 7 shows th
would obscure the wakes). Some smearing of the wakes occursfinal, time-averaged distribution of droplet sizes as would be
across the slip planes due to a discontinuity of the grid density — seen by a probe situated downstream of the final rotor. (Not
the upstream grid being refined in the vicinity of the wakes and that, since the moment method has been employed, only a sing
the downstream grid being uniform — but wake segmentation in droplet radiusys, = ps/ L, is computed at each point in time,
the successive blade rows is clearly visible in the figure, and it is but the averaging process results in a spectrum of sizes.) F
evident that the core flow in each blade passage (i.e., outside ofthe calculations presented, nucleation mainly commenced at tt
the boundary layers and where condensation is likely to be ini- trailing edge of the final rotor. The expansion rate here at mic
tiated) experiences fluctuating levels of dissipation. The impact passage is approximately 3000ts The different sizes observed
that this is likely to have on the condensation process may be for the steady calculation thus stem from pitch-wise variations
assessed by examining the resulting fluctuations in vapour sub-in the rotor passage, especially of the expansion matand of
cooling AT = Ts— Tg), shown in Fig. 6 for a point located at  the entropy increase due to viscous effects. The unsteady ce
mid passage and near the exit of the final rotor. The subcool- culations clearly yield a much broader spectrum of sizes due t
ing computed at this point in the steady calculation wa$ 4C. fluctuations in subcooling similar to those shown in Fig. 6. This
The high values of subcooling shown here (abev40 °C) are result is in accord with the wake-chopping models discussed il
a consequence of this being a perfect gas calculation — in prac-section 1, but it is notable that the droplets are much smaller tha
tice the latent heat release from condensation would increase thethose measured in real turbines, which typically have a mea
vapour temperature such that maximum valueADfwould not diameter of @ — 0.6um. However, the results presented here

4.1 Dry Flow Calculations

7 Copyright © 2011 by ASME



represent only the first to emerge from this unsteady calonlat
method and further investigation is clearly required.

CONCLUDING REMARKS

A method for computing unsteady, viscous wet steam flows [7]
has been presented in outline. Results have been shown for noz-
zle and cascade test cases and show very good agreement with

Technology of Turbine Plant Operating with Wet Steam,
BNES, pp. 207-215. London.
[6] Petr, V., and Kolovratnik, M., 2000. “Modelling of the
droplet size distribution in a low-pressure steam turbine”.
Proc. Instn. Mech. Engrs214, pp. 145-152. Part A.
Huang, L. X., and Young, J. B., 1996. “An analytical so-
lution for the wilson point in homogeneously nucleating
flows”. Proc. R. Soc., Series A52, pp. 1459-1473.

experimental data. The unsteady capability of the code has also [8] White, A. J., Young, J. B., and Walters, P. T., 1996. “Exper-

been demonstrated by computing asymmetric, supercritical os-

cillations in nozzles, similar to those observed for moist air flow.
Application of the method to a two stage LP steam turbine

shows how unsteadiness generated by upstream blade rows leads[9]

to fluctuating levels of subcooling in the final rotor, which in

turn generates a spectrum of droplet sizes that is much broader

than that obtained from steady calculations. Average droplet

sizes predicted so far are smaller than observed in real turbines,[10]

but further calculations are needed to investigate all the poten-

tial effects; for example, it is likely that, had the calculations

been extended to include additional downstream blade rows, fur- [11]

ther nucleation would be predicted as the hot wake flows from

the second rotor continue to expand. Early indications, however,

confirm the importance of wake-chopping in influencing fog for-

imental validation of condensing flow theory for a station-
ary cascade of steam turbine bladeBhil. Trans. R. Soc.,
Series A,354, pp. 59-88.

Skillings, S. A., Moore, M. J., Walters, P. T., and Jackson,
R., 1988. “A reconsideration of wetness loss in Ip steam
turbines”. In Technology of Turbine Plant Operating with
Wet Steam, BNES, pp. 171-177.

Denton, J. D., 1992. “The calculation of 3-dimensional
viscous-flow through multistage turbomachinestrans.
ASME, J. Turbomachineni14, pp. 18-26.

Pullan, G., and Denton, J. D., 2003. “Numerical simula-
tions of vortex-turbine blade interaction”. In In proceed-
ings of the 5th European Conference on Turbomachinery
Prague, pp. 1049 — 1059.

mation. [12] Jameson, A., 1991. “Time dependent calculations using
multigrid, with applications to unsteady flows past airfoils
and wings”. In AIAA 10th Computational Fluid Dynamics
ACKNOWLEDGMENT Conference. Paper No. 91-1596.
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