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Abstract. Human phonation does not merely depend upon the vibration of the 
vocal folds. The false vocal fold (FVF), as an important laryngeal constriction, 
has also been found by more and more research both in clinically and computer 
simulations that it plays an important role during phonation and contributes 
significantly to the aerodynamics and sound generation processes of human 
voice production. Among many parameters which are used to determine and 
describe the geometry of the false vocal folds, the false vocal fold gap (GFVF), 
which means the minimal distance between the two false vocal folds, is 
regarded as an important and dominant parameter. Therefore, this study 
explores the effects of the FVF gaps on the intralaryngeal pressure distributions, 
laryngeal resistance and flows using both three-dimensional Plexiglas model 
and commercially available computational fluid dynamics code.  

Three glottal angles, divergent 40°, uniform 0°, and convergent -40°were 
used for this study to explore the effects of FVF gaps, as they represent the 
basic glottal shapes typically expected in phonation, the angle values also were 
typically expected for most phonation in modal Register. A wide variety of FVF 
gaps (GFVF) were parameterized with 12 different values: 0.02, 0.04, 0.06, 
0.08, 0.09, 0.1, 0.11, 0.12, 0.16, 0.2, 0.4, 0.6 cm to represent important 
geometries often appearing within phonatory vibratory cycles. These gaps were 
used for each glottal angle. The specific design of the FVFs followed prior 
literature. The minimal glottal diameter (Dg) was constantly at 0.06 cm in this 
study for each FVF gaps, and the translaryngeal pressure were held constant at 
8 cm H2O. A nonvibrating laryngeal airway Plexiglas model, which had linear 
dimensions 1.732 times of a normal male larynx, was used in this study. In 
order to measure pressures inside the Plexiglas model, twelve cylindrical ducts 
were made on the midline of the laryngeal wall of the model. The diameter of 
each duct was 0.07 cm human size (0.12 cm in the model), so that the connector 
of an Entran EPE-551 pressure transducer could fit snugly into the holes. The 
distance between the centers of each hole was 0.14 cm human size. FLUENT 
(Fluent, Inc., Lebanon, NH), a commercially available computational fluid 
dynamics code was also used to obtain estimates of the normal wall pressures 
along the laryngeal surfaces (including the surfaces of vocal folds, ventricles, 
and false vocal folds) as a function of the FVF gaps and the glottal angles. The 
code is based on the control-volume technique and was used to solve the 
Navier-Stokes equations for constant shapes (not for vibrating vocal folds), 
laminar, incompressible airflow physics occurring inside the symmetric 



148 S. Li, M. Wan, and S. Wang 

laryngeal geometries. The flow field was assumed to be symmetric across the 
midline of the glottis in this study, and therefore only the half flow field was 
modeled. 

The results suggest that (1) the intralaryngeal pressure was lowest and the 
flow was highest (least flow resistance) when the FVF gap was 1.5-2 times of 
Dg, the intralaryngeal pressures decreased and flows increased as smaller FVF 
gaps increased, and the intralaryngeal pressures increased and flows decreased 
as larger FVF gaps increased, indicating that the least pressure drop for any 
given flow (that is, the least flow resistance) was found to correspond to the 
1.5-2 times of Dg for different glottal angle. Suggesting that the 1.5-2 times of 
Dg might be the optimal gap for pressure, and efficient phonation may involve 
laryngeal shaping of this condition. Therefore, the positioning and existing 
structure of the FVFs can aid in phonation by reducing energy losses and 
increasing airflow in the larynx when positioned appropriately; (2) both the 
pressure and flow were unaffected when the FVF gaps larger than 0.4 cm; (3) 
the divergent glottal angle gave lower pressure and greater flow than the 
convergent and uniform glottal angle as no FVF conditions; (4) the present of 
the FVF decreased the effects of the glottal angle on both the intralaryngeal 
pressure and flow to some extent, and the smaller the FVF gaps, the smaller this 
effect. Perhaps more important, (5) the present of the FVF also moving the 
separation points downstream, straitening the glottal jet for a longer distance, 
decreasing overall laryngeal resistance, and reducing the energy dissipation, 
suggesting that the FVF would be of importance to efficient voice production; 
(6) the empirical pressure distributions were supported by computational 
results. The results suggest that the intralaryngeal pressure distributions and the 
laryngeal flow resistance are highly affected by the presence of the FVFs, and 
the FVFs can aid in phonation when by reducing energy losses positioned 
appropriately. Therefore, the results might be helpful not only in maintaining 
healthy vocal habits, but also in exploring surgical and rehabilitative 
intervention of related voice problem. The results also suggest that they may be 
incorporated in the phonatory models (physical or computational) for better 
understanding of vocal mechanics. 
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1   Introduction 

It is well know that the laryngeal geometry plays an important role during speech 
production(Li et al., 2006a; Li et al., 2006b; Scherer et al., 2001a; Scherer et al., 2002; 
Scherer et al., 2001b). The false vocal folds, as an important laryngeal constriction, 
have been discovered by more and more research both in clinically and computer 
simulations that it may also contribute significantly to the aerodynamics and sound 
generation processes of human voice production (Berg, 1955; Kucinschi et al., 2006; 
Rosa et al., 2003; Zhang et al., 2002). 

There are many parameters to determine and describe the geometry of the false 
vocal folds (Agarwal et al., 2003), however, the false vocal fold gap (GFVF), which 
means the minimal distance between the two false vocal folds, is regarded as an 
important and dominant parameter (Berg, 1955), since this parameter may lead to 
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most of the shape change of the false vocal folds, thus affect both physiology and 
acoustics of voice production, especially at very narrow diameters, the intraglottal 
pressure distributions and flow resistance created by them will not only be a dominant 
feature, but also affect true vocal fold vibrations by nullifying the Bernoulli effect 
(Berg, 1955). 

In order to adequately study the function of the false vocal folds and test its 
theories of phonation, the pressure distributions on the laryngeal surfaces need to be 
known for a wide range of FVF gaps that are expected in phonation, since these 
distributions define the external driving forces that interplay with the vocal folds and 
the false vocal folds surface configuration as well as tissue biomechanics to allow 
vocal folds and false vocal folds oscillation (Guo and Scherer, 1993; Titze, 1988). 
Furthermore, the intraglottal pressure distributions are accompanied by and depended 
upon the characteristics of the volume flow, and the laryngeal airflow resistance 
(Agarwal, 2004). 

Previous studies showed in both the computational models ((Iijima et al., 1992; 
Pelorson et al., 1995; Rosa et al., 2003), and physical models (Zhang et al., 2002; 
Agarwal, 2004; Kucinschi et al., 2006) that the false vocal fold played a more positive 
role in both the physiology and acoustics of speech production, they also suggested 
that the geometry differences within the laryngeal airway might significantly changed 
the aerodynamic and aeroacoustic properties, and thus the whole results for the 
system. These studies, however, were limited in the phonatory geometries considered, 
and the detailed laryngeal pressure distributions for a wide range of laryngeal 
geometries were not specified. 

The purpose of the present study is to examine the effects of a wide variety of the 
false vocal fold gaps with specific laryngeal geometries on the intraglottal wall 
pressure distributions, flows, and the translaryngeal airflow resistance for different 
glottal angles. If the variation of the FVF gap is to create substantial changes with the 
transglottal, glottal wall pressures, as well as flow resistance, both the motion of the 
vocal folds and the false vocal folds and the shape and size of the glottal volume 
velocity signal may be significantly affected, and the physical and computer models 
for vocal fold and false vocal fold motion would need to be extended to take such 
effects into account. 

2   Methods 

2.1   Plexiglas Model 

The model used in this research was a nonvibrating laryngeal airway model made 
from Plexiglas. Relative to a similitude analysis (Streeter and Wylie, 1975) and for 
the convenience of fabrication of the model and recording experimental data, the 
model had linear dimensions 1.732 times that of a normal male larynx. Figures 1(a) 
and (b) show the planform or coronal (a) and side elevation or lateral (b) views of the 
model, respectively. The model was symmetric about two axes. Two laryngeal pieces 
were embedded into the airway duct. The laryngeal airway itself is the slit between 
the two laryngeal pieces. The false vocal fold gap was adjustable by a movable handle 
outside the laryngeal duct (Fig. 1). The indentations of the larynx at the anterior and 
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posterior ends partially mimic the presence of the arytenoid cartilages posteriorly and 
the anterior commissure anteriorly (Hirano et al., 1988). There were three pairs of 
vocal fold pieces to provide three symmetric glottal angles, namely, 40 degree 
divergent, 0 degrees (uniform), and –40 degrees convergent. The minimal glottal 
diameter was set constantly at 0.06 cm, and the translaryngeal pressure was held 
constantly at 8 cm H2O. 

 

Fig. 1. The planform (a) and side elevation (b) of the Plexiglas model, the dimensions of the 
model were 1.732 times greater than human size values 

In order to measure pressures inside the Plexiglas model, twelve cylindrical ducts 
were made on the midline of the one of the laryngeal wall of the model. The diameter 
of each duct was 0.0704 cm human size (0.1220 cm in the model) so that the 
cylindrical extension of a calibrated Entran EPE-551 pressure transducer (0.1040 cm 
outside diameter and 6 cm long) could fit snugly into the ducts. The distance between 
the centers of each hole was 0.1440 cm human size. 

2.2   Computational Method 

A commercially available computational fluid dynamics code called FLUENT, based 
on the control-volume technique, was used to numerically solve the Navier-Stokes 
equations for laminar airflow physics occurring inside the three-dimensional 
symmetric geometries. The input data for FLUENT included grid point coordinates, 
element topology, and boundary conditions. The grids used in the simulations 
contained both structured and unstructured meshes. In these simulations, grids 
containing between 1020 000 and 1030 000 nodes were used to obtain first- or 
second-order solutions for momentum, pressure, and velocity, with residuals less than 
10-4. Since the glottal section in the model was most important for this study, the 
interval size of the mesh element was selected to be 0.015 cm for the laryngeal 
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section, whereas it was 0.03 cm for the inlet and outlet tunnel. The flow field was 
assumed to be symmetric across the midline of the glottis in this study, and therefore 
only the quarter flow field was modeled. 

3   Results 

Figure 2 shows the empirical one-dimensional pressure distribution along the midline 
surface of the laryngeal wall for the FVF gaps for the uniform glottis. The 
corresponding predicted pressure distributions using FLUENT are also shown in  
Fig. 2 as the lines, which match the data points closely. The whole laryngeal airway 
can be divided into five regions: the subglottal region, the TVF (or glottal) region, the 
ventricle region, the FVF region and the superior FVF region. It can be seen from 
Figure 2 that there are two pressure drops, two minimum pressures (and largest 
velocity), and two pressure recovers (that is, pressure increase) occurred for most of 
the pressure distributions. 

  

Fig. 2. Empirical one-dimensional pressure distributions on the midline surface of the laryngeal 
wall of the model for twelve FVF gaps for 0.06 cm minimal glottal diameter and 8 cm H2O 
transglottal pressure. The estimated pressure distributions using FLUENT for each conditions 
are also shown as the lines. (a) For five FVF gaps which are less than 1.5 times of Dg; (b) For 
seven FVF gaps which are larger than 1.5 times of Dg. 

The pressure distributions of FVF gaps which are less than 0.09 cm (1.5 times of 
the minimal glottal diameter) are shown in Figure 2(a). It can be seen from the figure 
that the pressure distributions decreased greatly as the FVF gap became larger, with a 
reversal of this pattern at the minimal FVF diameter location. For example, an 
increase of gaps from 0.02 cm to 0.09 cm dropped the glottal exit pressures from 
approximately 6.93 cm H2O to -2.22 cm H2O, this pressure drop is larger than the 
translaryngeal pressure and nearly a sextuple of the outward driving pressure on  
the TVF, suggesting not only a significant pressure difference in pulling or pushing 
the TVF, but also strongly influencing the pressure distributions in the TVF regions, 
and then the whole larynx. However, for the larger gaps which are larger than 0.09 
cm, the pressure distributions increased as the FVF gap became larger (Figure 2(b)). It 
is because of the decrease of the translaryngeal air flow resistance (Figure 3, which 
will be discussed below). It also can be seen from this figure that the pressure 
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distributions of 0.4 and 0.6 cm gaps are almost superposed, suggesting that the 
present of the FVFs might have less effects on intralaryngeal pressure distributions 
for the gaps which are larger than 0.4 cm (6.7 times of Dg). 

For the FVF gaps smaller than the minimal glottal diameter, the pressure dips in 
FVF region are larger than the one in the TVF region, but it is smaller when the FVF 
gaps are larger than the minimal glottal diameter. For example, the pressure 
difference between the pressure dips in TVF region and FVF region are 8.198 cm 
H2O for 0.02 cm gap, suggesting a great pressure difference acting upon the TVF and 
FVF. If the pressure were set at zero (atmospheric) at the outlet to the laryngeal 
airway, the pressure would be positive (6.93 cm H2O) for the 0.02 cm FVF gap 
condition, but negative (-2.22 cm H2O) for the 0.09 cm FVF gap condition at the 
position of their glottal exit, suggesting that the FVF gap not only has great effects on 
the pressure distributions in the FVF regions, but also in the TVF regions, and cause a 
great difference in pulling or pushing both the TVF and the FVF. 

For the gaps larger than 1.5 times of Dg (Figure 2(b)), the pressure distributions 
changed less than smaller gaps. For example, the pressure at the location of the glottal 
exit increased by only 1.89 cm H2O when the gaps increased six times from 0.1 to 0.6 
cm, and the larger the gaps, the less the changes. Suggesting that for larger gaps 
(larger than 1.5 times of Dg), the present of the FVF have less effects on the 
intralaryngeal pressure distributions than smaller FVF gaps. It also can be seen from 
the figure that for the gaps larger than 0.4 cm, the pressure distributions have no 
change. 

 

Fig. 3. Experimental flow rates for twelve false vocal fold gaps for different glottal angles for 8 
cm H2O translaryngeal pressure drop 

The laryngeal airflow is another important parameter which is affected by the FVF 
gaps. Figure 3 shows the airflow distributions for different FVF gap for three glottal 
angles. It can be seen from Figure 3 that the airflow increased dramatically when the 
FVF gap smaller than the Dg. For example, the airflow increased by about 2.90 times 
as the FVF gap increased from 0.02 cm to 0.06 cm Dg separately, and had little 



 The Effects of the False Vocal Fold Gaps in a Model 153 

difference among different glottal angle, this difference, however, was increased as 
the FVF gap increased, and the larger the FVF gap, the larger this difference. 

It also can be seen from Figure 3 that for the same FVF gaps, the divergent glottal 
angle gave the maximize flow, followed by the convergent, then the uniform glottal 
angle. This result was corresponding to the laryngeal pressure distributions which 
were shown in Figure 2, suggesting that the divergent glottal angle was corresponding 
to the least laryngeal resistance. This result is also consistent with the results of 
Agarwal et al. (2004) and Li et al. (2006), the latter study is of no FVF cases, 
suggesting that the glottal angle still have important effects on laryngeal flow (and 
pressure distributions) under conditions of the present of the FVF. 

 

Fig. 4. Separation point locations for ten FVF gaps (predicted by FLUENT) 

Figure 4 shows the separation point locations of the uniform glottis for each FVF 
gaps. It can be seen from the figure that (1) for the FVF gaps smaller than 0.09 cm 
(1.5 times of Dg), the separation point tend to move downstream toward the glottal 
exit with decreasing FVF gaps (decreasing flow rate), however, the separation point 
remained almost constant (slightly downstream) for the larger gaps. Suggesting that 
the present of the FVF would move the separation point downstream in the glottis 
(but not too much), thus would not only reduce dissipation loses above the glottis, but 
also might affect the dynamics of separation points. 

4   Discussion 

In general, when the FVF gaps are equal to or smaller than the Dg, the present of the 
FVF hinders the path of the glottal flow, causing more energy dissipates, and 
increasing the intralaryngeal pressures. It is important to note that the intralaryngeal 
minimal diameter are migrated from TVF region to FVF region, suggesting that the 
great pressure dip in the laryngeal are acting upon the FVF, this may have great 
difference for the fundamental frequency, vocal intensity, vocal register and vocal 
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efficiency in phonation, due to the FVF is found to be more viscous and less stiff than 
the true vocal folds biomechanically.  

For the FVF gaps larger than the minimal glottal diameter, the presence of the FVF 
showed decreased pressure drops in this study. This result is also shown by Pelorson 
et al. (1995) and Kuchinschi (2006). However, the results cannot be compared 
because their studies have not provided enough information on intralaryngeal pressure 
distributions. Moreover, their results have not indicated that the decreased pressure 
drops are only happened under conditions of the FVF gaps larger than 1.5-2 times of 
Dg and smaller than 0.4 cm (or smaller than about 7-10 times of Dg). 

The present of the FVF would also increase the intralaryngeal airflow. It can be 
seen from Figure 3 that the maximal airflow is larger by about 12-17% than the no 
FVF conditions for different Dg and different glottal angle. This suggests that the 
amount of airflow produced is greater than it otherwise would have been. In other 
words, when the true vocal folds are constricted in phonation and allow a certain 
amount of airflow through, the presence of the false vocal folds might increase this 
amount of the airflow. 

Perhaps more important, the FVF might be favorable in guiding the glottal jet to 
retain smooth laminar flow. It is well known in fluid dynamics that a spike or forward 
jet can reduce drag by contouring the free stream about the body, which is known as 
drafting or breaking the wind (Blevins, 1984). Suggesting the present of the FVFs 
might decrease overall resistance. Kucinschi et al. (2006) indicated that the glottal jet 
remains laminar for a longer distance, thereby again reducing the energy dissipation 
associated with an otherwise turbulent field. Flow visualization by (Shadle et al., 
1991) and Kucinschi et al. (2006) also showed that the skewed glottal jet was 
straightened due to the presence of the false vocal folds.  

It can be seen from previous study (Guo and Scherer, 1993; Li et al., 2006b) that 
the divergent glottal angle gave the least resistance (the maximize flow) and the 
greatest pressure drops for the same value of Dg, followed by the convergence, then 
the uniform one. Unfortunately, their studies had not taken into account of the effects 
of the FVFs. This study shows more detailed results under conditions of the present of 
the FVF. 

In general, when the FVF are highly constricted or hyperadducted, the geometric 
configuration of the FVFs, thus, seems to be the most appropriate to reduce energy 
losses by decreasing the overall system resistance, increasing the airflow and 
decreasing the energy dissipation in the larynx. This effect, furthermore, would be 
greatest when the FVF gaps at 1.5-2 times of Dg. This does not mean that the 
phonation in such cases is normal, but the FVF can aid in phonation when by 
reducing energy losses by positioned appropriately. This might be one of the reasons 
why FVF adduction is observed so consistently with glottal pathology.  

Lower pressures and increased airflows which are caused by the present of the 
FVF are also indicative of both biological as well as acoustical efficiency. As 
discussed earlier, the voice intensity might be increased, the voice quality can be 
improved and the vocal efficiency may be enhanced by modifying laryngeal geometry 
appropriately. Furthermore, it is possible to rehabilitate a patient of glottal pathology 
or improve their voice quality like ventricular dysphonica, or hyperfunctional voice in  
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general by modifying the shape of the false vocal folds or supraglottal laryngeal 
musculature appropriately during phonation in addition to the proper treatment of the 
true vocal folds. 

5   Conclusions 

In this study, a wide range of FVF gaps with well specified laryngeal geometry was 
explored on intralaryngeal pressure and flow distributions for uniform, 40º divergent 
and -40ºconvergent glottal angles separately, by using a Plexiglas model and the 
computational fluid dynamics code FLUENT. The results suggested that the 
intralaryngeal pressure was lowest and the flow was highest (least flow resistance) 
when the FVF gap was 1.5-2 times of Dg, the intralaryngeal pressures decreased and 
flows increased as smaller FVF gaps increased, and the intralaryngeal pressures 
increased and flows decreased as larger FVF gaps increased. However, for the FVF 
gaps larger than 0.4 cm, both the pressure and flow were unaffected. This study also 
found that the divergent glottal angle gave lower pressure and greater flow than 
divergent and uniform glottal angle as no FVF conditions, but the present of the FVF 
decreased the effects of the glottal angle to some extent. Furthermore, the present of 
the FVF also moving the separation points downstream, straitening the glottal jet for a 
longer distance, decreasing overall laryngeal resistance, and reducing the energy 
dissipation, suggesting that the FVF would be of importance to efficient voice 
production. 

The models used in this study were limited to one minimal glottal diameter  
(0.06 cm) and symmetrical laryngeal flows and pressures, which means that these 
results are conditional. However, this study does appear some meaningful effects of 
FVFs on phonation, and suggest that the results may be incorporated in the phonatory 
models (physical or computational) for better understanding of vocal mechanics. The 
results might also be helpful in exploring surgical and rehabilitative intervention of 
related voice problem. 
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